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6bC4 on benzene in presence of Al^Cl^ (Priedeli 
Crafts, a. Ador, B, 10, 1855). — 7. From benzoic 
acid or benzoates and S^Cl. (Carius, A. 100, 

800). — 8. By heating benzoic acid witJi ZiiCI., 
and adding benzotriehloride {D. P. J. 230, 157)! 

C^H.CCl, + C,H,.CO,H 2C,H ..COCl HCI. 

iVoper/fV5. -Coloni loss pungent oil. Decom- 
posed into HCI and ben/oio acid slowly by cold, 
quickly by hot, water. Alcohol reaotij vigorously, 
forming benzoic etlier and IICl. Ether and CS. 
dissolve it without decomposition. 

lhactiom. — 1. Aiiuoous KOH gives KOIlz 
and KC1.~2. Dry lijiC at 150 ' forms Dz X>(Gttl, 

A. 128, 127).— 3. Dry NH, or ammonium car^ 
bom/ fe forms benznmide ; other bases act simi- 
larly. —I. iS’<xii»m lias no action in the cold, but 
in presence of t ther at 100 \ ‘ dibcnzoyl ’ [110 '] 
is slowly formed (Britgel, Bl. f2j 5, 27H). 5. 

JhliJiiiie of Coitpt'r forms Cu.Clj, and bi-nzolo 
aldehyde (Cliiozza, /I. 85, 2.32). <5. KI birms 

BzI.-7. HgCy, forms BzCy. - 8. K8CN forms 
benzonitrile, CO., and CS. (Eimiuicht, 00 , 

117),— 9. Pb(SCN) foims Bz.SC.N. 10. KN'CO 
forms benzonitrilo (ScIiilT, A. 101, 03) and cya- 
phenine (Clotz, IH. 1850, 100). li. NatiH/. 
gives Bz.p ((Tcrlianll). 12. Sodium formate 
forms CO, NaCI, and benzoic acid.— 13. Potus- 
•ium oxalate forms Dz .O, KCl, CO, and CO .. — 

14. By the dry nitmlcs of Pb, Ag, Ifg, or <’n, 
it is convorlcd into benzoic anhydride, with 
formation of the clilorido of the metal, | o-TRI-BEl 

and oxygen (Lachowicz, B. 18, 2000).- 15. ; t.c. C,.(C,.1I,.(.'' 

Cone. fl.SO, forms, aiiparently, Bz.SOJI, which 
on heating Imcohh'S benzene-sulidionio acid 
(Oppenheim, /. f2' 7, 21). 10. PCI., at 200® 
gives CJlvCCl,, CJI.Cl.CCl,, CJI,C1,.CC1, and 
at a higher t> mperature CCl, and chlorinated 
benzene.s (ScIii.sehkolT a. Hosing, J. ls."i.S. 27'.l ; 

Limpricht, A. 134, 55; Claus a. lloeh, //.lit, 

1194).-17. KilS forms BzSlI. -18. BaO., gives 
BZjO^. — 10. S ’dium nmaVjnm in aeid .solution 
forms benzoic aldcb.yde and benzyl alcohol 
KLippiuann, A. 137, 252). —20. KNIJ;, form.s • KriiYLK.NK-i*r-ia;To.s'K. 


ratoiy prepared, but amyl nitrite (1 mol.) can 
beiallowcd to drop slowlr into a warm mixture 

acetophenone (1 mol.) and acetyl ohlorida 
(3 iiiols.), and the product di.sfillcd; yield: 65- 
70 p.o. of the theoretical (( l.iisen a. Manassa, 
/h* 20, 2196). Pungent crystallino mass. Da. 
eompo.st‘tl slowly bv water, more readily by 
KOliAq into HOBzand HCN. Fuming HOI 
forms C„H^.CO.(X>.NH.j wlieuee phenyl -glyoxylio 
acid. Zinc and HCI rcdtieo it to benzoic aide- 
hyde. Nil, gives bonzamidc and NH,CN, 
Aniline gives benzanilide. PC-I^ appears to 
form C,H...CC1.,.CN (221’) (Clai.'-vn, R 12, 620). 

' /.iiEL, diluted with other foiiiis 3 p.c. of 
• benzeyanidino ’ C.,H,j,N()j, 11211, needles 

(from alcolud) ; another product {200®-220®), 
citlior contains phenyl otliyl ketone or yields 
that body on oxidation (Frankland a. Louis, 

; C. J, 37 , 712 ). 

j BENZOYL CYANIDINE v. BrNZovr, oviN- 

: I UK. 

1 BENZOYL CYANUEATE V. Cv.^N'cnio Acri), 

! BENZOYL - CYMENE . SULPUAMIOE v. 

CV.MKNK flDLI'lloNlO ACID. 

BENZOYL-CYMENOL v. CY^rl:NoL. 

BENZOYL CYMIDIDE t>. Cv.MIlUNK. 

BENZOYL DESOXALIC ACID t<. Dasoxiijo 

ACID. 

BENZOYL-ISODDRENB v. PincNyi, TBTBi. 

MI,TIIYI,-11M NVI, KI lO.Si:. 

BENZOYLENE- BENZENE 

(>),. [aliovo 361) ']. Formed to- 
ga ther wiiii no-thyleno - phllialyl by lienting 
phtliplic cubydri^lo with inalonic cl, he. and 
sodium leet.’ite, <u bv the action of H^SO^ on 
pbtbalyi-aci lie acid ((tabrid a. Miiduud, B. 10, 
I.mV; 1007. 1679; 11,925). V. Ih.w erys- 
tills, S(»i7.j)o in nitrobt-nzene, neaily inscilublo 
in otlur sidvenl.s. I’olush-fnsion eonvirts it 
into plienenyl-tri-benzoic acid C„11,(C, ll,C().H), 
i26I'-‘J. 

D1 - BENZOYL - ETHANE v, I)i ■ riii:NYL- 


benzamido and dibenzamide (Baunn-rt a. Iian- ■ 
dolt, .1. Ill, 1). — 21, Succinic ether at 2)K)® j 
gives succinic anhydride, KtOBz, and EtCI 
feaut, A. 137, 254). 

Co»/bi/m/jou. -TiCl,BzCl. f65®J. Yellow j 
crystals (Bertrand, Bl. [2] 31, 631). i 

BENZOYL CHLOEO-TOLUIDE v. Chia/ro- I 

TOiiCinixF.. 

BENZOYL-CHOLIC ACID v. Caouc acid. 
BENZOYL-CBOTONIC ACID C„H,.,0, i.c. 
0,H*.CO.C(CH ,);CH.COjH. [113®]. Long pointed 
crystals. Prepared by the action of Al./3„ on a 
mixture of benzene and citraconic anhydride. 
By alkalis it is resolved into phei#! ethyl ketone 
mtd glyoxylic acid (Pechmann, B. 15,.891)s' 
BENZOYL-CU MIDIC ACID tJ. Phk\yj..x vi.yl- 

iUBTOKX DI CARDOXTI.IO ACID. 

BENZOYL C0IIIDINE v. Cvuwtsk. 
BEHZOYL-CTANACETIC ETHER v. Cyano- 

BKSZOYL-.vrETIC ETHBB. 

BENZOYL CYANIDE C^j.CO.CN. [33®]. 
1908®). Formed by distilling BzCl with HgCyj or 
AgOy (Liebig a. Wdhler, A. 3, 267 ; H. Strecker, 
4*90, 69 ; Hiibner a. Buebka, B. 10, 480 ; Kolbe, 
4* 90, 68 ; 98, 847). Form^ also by mixing 
ImiUicoiO-aeekDp^ CcH«.CO.CU:N011 with 


BENZOYL. ETHYL- ACETIC ACID r. Bkm- 

ZUYL ACK i rO ACID. 

BENZOYL - ETHYL - ANILINE v. IvrnvL. 

ANILINE. 

BENZOYL - ETHYL - BENZENE v. Pim.vvi, 

ETHYL-I’IJENVO KE' <iNi:. 

BENZOYL ETHYL-o-CARBOXYLIC ACID v. 
Phenyl ktiiyl ket<.nj! muki.wj.ic acid. 
BENZOYL-FORMIC ACID v, IhiENYL olt. 

OXYI.IC acid. 

BENZOYL FLUrRIDE C ir,.C(>.F. (162®). 

From HKl-’j and B/.Ci (I}.....diii, .1. 126, 60). 
Pungent liijuid ; atbe ks gla- s. Decomposed by 
water into HF and HOUw. 

DI-BENZOYL-FUMARIC ETHER 
CO;,Et.CBz:(JBz.CU.J']t. Foiimd by the action 
of iodine diBsolved in etiur upon the di- 
sodium compound of di - benzoyl • sucoinato, 
CO.,Et.CBzNa.C;Bz.Na.CO,ia (I'erkin, C. J, 47, 
262). 

BENZOYL-OALLIC ACID v, Oaluo acid. 
BENZOYL-OLYCOCOLL r. Hirpciitc acid. 
BENZOTL-OLTCOLLIC ACID v. Olycollio 
Aca>. 

a. BENZOYL- ISO- HEXOIC ACID v. Iso- 

butyl-UkMZOXL-ACiJlO AOSD. 



BBK20TL StDttXBB v. Bbmzoio I 

BZ.BEHZOYL-IXIDX t;. p. 475. 

BI BEKZOTL-IHBiaO v. Indioo. 

BENZOYL lOBANlLlNE v. Iodo anilina 
BENZOYL IODIDE 0«H5.C0.I. Easily-fusi- 
b\ft ctyBtaWino inafls obtained l)y heating BzCl 
with RI (Liebig a. Wohler. A. 3, 2GG). 
BENZOYL-IBATIN v. Isatin. 
BENZOYL-IBETHIONIC ACID r. Isktuiosio 
A cni. 

BENZOYL-LACTIC ACID v. L.m nc acid. 
BENZOYL-LETJdlNE i?. TiKociNK. 
TBLBENZOYL-MEL AMINE v. Mklaminr. 
BENZOYL - TEIMELLITIC ACID. Benzo- 
phvnone tricarh fijlic acid i.e. 

C„H,.CO.CJl,(COJl),, [r>;l;2:lj. rroi.i phenyl 
ij/-cuinyl ketone by oxidation with dihitc IINO^ 
or K.MnOj (Klbs. J. jrr. [2] 35, 431). Salts.— 
Ball A'". 

BENZOYLMESIDIOE V. MK.nj>isK. 
BENZOYL-MESITYLENE r. I’lu'.xyr. tui- 

MKTIC vr.' I’lIKN vii K KTnN K. 

Dibeuzoyl-niOBitylene v. l)i - iicr- 

ir i;ti( YL- i'iinN v u. n k /ok i; roxi:. 

Tri-benzoybnioBitylene OjolI.jOj, i.e. 
(C,.II.,.C()),C„Mej. TrUphcnul trimdhifl-]dic~ 
Ill'll jil tri^ki'hine, [210 ^J. Formed by h(‘uting 
beii/.uyl mesityleiu) or di -benzoyl -nicsitylctie 
with IJ/.Cl and Al.CI^ at 13H^ Crystals (from 


Dr*B.I^ZOYL.DI»ICSim .114101^ 
ACID (0«Ha.00.0£U|0(0C^i. Di^lmatyU 
malome add. [184^* Formed by Bftponm- 
cation of its ether, whion is obtained by the action 
of (tf-bromo-aceto-phenone upon sodio-malonio 
ether. Large colourless prisms. V. sol. alcohol, 
ether, and acetic acid, si. sol. water, insol. 
benzene and ligroin. Beads with phonyl-hydra* 
zin(!. Evolves CO* on heating, giving di-benzoyl- 
isobutyric acid.— * : white needles or plates, 

V. sol. water. — * A"Ag 2 : nearly insol. white pp. 

Di-ethyl ether A^Et-^: [113°]; large white 
glistening prisms or long flat needles ; v. sol. 
water, benzene, acetic acid, and CSj, less in 
alcohol, insol. ligroin. Reacts with phenyl- 
liydruzino but not with hydroxylaruine (Kues a. 
Paal, B. 19, 3141). 

BENZOYL-METHYL^-NITBANILINE v. p- 

NlTU0-l‘HKNYIi-W-AMtr)0-ACET0PIIKX()NE. 

BENZOYL . METHYL - PHENYL - NITROS . 
AMINE V. rirENYr,-A^riDO-ACKT()rHKNONK. 

BENZOYL-NAPHTIJALIDE v. Naputuyl- 

AMI.NE. 

BENZOYL . NAPHTHYIAMINE - IMIDE . 
CHLORIDE V. «tf-CnLoRo-BEszYiji>iNE-NAi*irrnYL- 

AMINK. 

BENZOYL-NAPHTHYL-THIO-UREAv.Naph. 

TIIVL-TIIIO-UUKA. 

BENZOYL-NITKANILIDE r. Nituo-anilinb. 
BENZOYL-NITRITE BzNO, (?). An 


at lUH'". 

uloilnd), V. si. «td, t-old al<5oli{d, V. Hol. a mixture ! BENZOYL-NITRITE BzNO,, (?). An oil 
(if (diloiijfonn and uet tone. Wln-n Bz(^l acts ^ foriiujd together with m-nitro-henzoic nhUdiydo 
on meaitylenii in presi nee. of Al./:)1„ bel(*w llS ‘ , by the action of 20 vols. of a mixture of UNO, 
' ‘ ' - •• • *■ ' - < ' (i vyH and H.BO, (2 vols.) upon 1 vol. of ben 

/T - ir i: t. n n 


only benzoyl-mcsitylene is formed; at 150° di- 
beuzoyl-inesitylene is the chief product (Louise, 
C. It. 3K, Mb); A. Ch. [G] G, 237). 

(oBENZOYl MF.81TYLENIC ACID C,„TI„0, 
t.r. C.H,.C'O.C„U.,Mo,C001I. Vhniyl xylyl he. 
tone car thixy lie acid. [1 85“). Prepared in the j 
same way as the «- acid (e. infra) (Louise, IH. 1 
12) 44, UH), Colourless crystals, 44sol. cold ! 
water, si. sol. ludling water, r(d. CllCl,, Heetore, ! 
ether, and Ix'nzene. Us salts do not erystulliso i 
Wtdl.- AgA'. (!uA'.. • 

p-Bonxoyl-mcsiiylenio acid C,J1,,0,. (IGO ). ; 


Prt'parod by oxidising phenyl Iri nii lhyl ]dionyl Niruo.N.unniiYLAMiNK. 


zoic aldehyde (Lippmann a. ifawliczek, B. 9, 
14()3). It is decompo.sed by distillation. 

BENZOYL - NITRO - AMIDO ■ DIPHENYL v. 

NlTUO-AMinO-DIPUnNYIi. 

BENZOYL . NITRO . AMIDO - PHENOL v. 

N ITUO-.AM fDO-l'H KNOL. 

BENZOYL NITR0-ANI8IDINE v. Nirao. 

AMIOO-IMIKNML. 

BENZOYL NITRO -CUMIDINE v. Nitro- 

cmnoiNK. 

BENZOYL - NITRO . NAPHTHALIDE v. 


ketone (benzoyl. mesit\lene) (Uonise, />7. {2) 41 
418; A. (Jh. |Gj G, 21H). Naon-ons scales, very j 
sol. ether, CllCl,, acetone, Ac., sol. bniling water, j 
Salts. A'Nll,: .nnaU brilliant crystals. — j 
A'Ag; w'iiile i)p. sol. boiling water. A .Ba-bni: \ 
long necdle.t. A'.Ca : bnig white Ijhiments.— 
A', Mg Gaq : cryslaU, sol. hot water. -^f>r.\'... 
BKNZOYL-METHANE r. Acf.toi’hknonk. 
Di-bea«oyl methane v. Di piiknyl mrviiyi.knk 
niKKtONK. • • 

Tri-ben«oyLmetbau8 fCvlL.CO),OU. Me. 


BENZOYL - NITRO - DIPHENTLAMIDE v. 

NlTRO-I>fPiirNYT.AMINE. 

BENZOYL-NITRO-TOLUENE SULPHAMIDE 

f. Nnao-roi.oEXF. hclphonic agio. 

BENZOYL'NIXRO-TOLUIDE v. Nitro-told- 
idjm:. 

L BENZOYL PEROXIDE C„H,„0, i.e, Bz.,0,. 
[ [10 p ]. BzCl mixed with hy<lrale<l BaO., and 
the nsultiiig solid cake waslied with water and 
NnFO,, and cry.stullised from CS, (Brodie, Pr. 
I 3. lol ; 12, .Sperlich a. Lippmann, Sitz. 


thniyl tri-phenyl tn-hdonc 1225'-’ j. Formed by ! B. 02, Gi:i). TrimelVic crystaU, insol. water ▼, 
the action of bi rizoyl-ohlorido on sodio di-ben- ,sol. etl.er and benzi ne. Decomposed by hwtl 
Koyl-meiliane (Baoyer •. Perkin. B. ir», 213,>; ' giving olT Ct>{ with slight explosion. Boilinj! 
C. J. 47, 210), Small needles. Sublimable. Kt)%\.i form.s t) ami KUBz. Benzoyl peroxide 


V. el. sol. aUohol, V. sol. dilute alcoholic KDII. 
Converted by NaOMtand B/.Ci into a substance 
[2i>0-'-270’1. 

BENZOYL. HETHYLAMINE t. MKruvi.- 

AMlNr. 

BENZOYL METHYL-ANILINE v. Methvl- 
iNiLmc. 

BENZOYL. DIMETHYLANUINE r. Di- 

HBTHYI.AXnDO-BK.VZorilSNO.NK. 

BENZOYL-TKIMETHYLEHE f. Phbsti. tri- 

MKTUVLtXk: kkllv.NK. 


acts as «Aa oxidising agent, splitting up into 
rnd 0: thus it oxidi.s.-s p toluidine to 
toluene-azxv-toln.’ne, 

BENZOYL-PHENOL CJT.OBz o. Phenol* 
C,H,.CO.C,H,OH r . OxT^nKNZoPHENoxE. 

BENZOtL-PHENOL 8BLPH0NIC ACID « 

PUE.SOL 9Cr-rK>*NIC ACtD. 

BBNZOYL.PHEKYL.AMINE 
C,H,.CO,C,H*NH,. Benzanilide (18 g.), BzCl 
(14g.). and ZnCl, give the p-benzoyl MvaliM 
[150°], ti^ther with a little of the e.be^yl. 
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PEEPAOE 


CwENTY-PiVB years have passed since the publication of the first edition of Watts* 
Dictionary of Ohemistry began) and it is now seven years since the second paH of 
ihe last supplement was published. 

Some time before his death, Mb. Watts had agreed to prepare a new edition of 
lis Dictionafy, which should give as complete an account of the present state of the 
jcienoe as might be found compatible with the appearance of the book in four 
iTilumes of about 750 pages each. Mr. Watts had prepared Instructions to Con- 
IributorSf and had written sixty-three pages for the new edition, when his death — 
(vhich all chelhists so deeply lamented— stopped the work. It has fallen to us to 
take up the task dropped from worthier hands, and to endeavour to bring.it to 
i satisfactory conclusion. 

Mb. Watts’ MS. is printed very much as he left it, subject only to some 
necessary condensation. In preparing a new edition we have found it necessary to 
rewrite the whole book. Our instructions were that we should give as complete and 
sitisfactory j.n account of th| present state of chemical science as we could, con* 
sistently with the size to which we were required to confine the book. We have 
been obliged, therefore, to adopt a very condensed style ; the descriptions of in- 
dividual bodies ar^ given in few words, abbreviations are freely used, and formulrf 
are frequently employed instead of names in order to save space. 

The original edition was called *A Dictionafj^ u^hemistry and the Allied’ 
Branches of other Spences the new edition deals with chemistry only. Cj^nsiiderv 
able space was devoted in the original work to processes of chemical technology , 
the new edition gives no special information with regard to these matters. Tech- 
nical chemistry will be treated in a companion volume to be published under the 
editorship of Professor Thorpe. The great importance of the application of physical 
methods to chemical questions has made it necessary to consider these mewodsand 
the results gained by applying them. " Hence in our enumerati^ of the properties 
of each element and compound we have included those physical constants v^ch arf ■ 
of mo^ ^importance to the chemist ; and we also intend to describe theleading 
physical methods of investigation employed in chemistry, and to give a short 
account of the chief results obtained, in an article entitled Physical M6tmds\s^ iJi , 
Chem0r^ This article will bo divided into sectidiB, each of whfhVill be wnttert 
by Op^iully qualified author. ^ 

Afier'much consideration, it was decided to omit aetails regarding analytical 
%roc668e(^ In certain oasec, e.g. 4rsenic methods of detection are gi^n rather 



ftiSy. Bnt &6 ]|^w edition is not intended for the ute of the analyst in the labora* 
tory* A sketch of the j^ciples of analytical chemistry, and somif^ccount of the 
chief classes of analytical methods, are g^i;^in tfie article Anc^ym* We have 
been especially anxious to arrange the matt^in a methofical mannef^, SP as to 
male the task^jf findin^^the chief facts about an jl specified body^s little laborlbus 
as possible. Cross-references are freely used. 

As mere descriptions of ^dividual bodies in strictly alphabetical order cannot 
to give a fair notion of the present position of chemistry, we have supple- 
mented descriptions by short general articles on efasses of elements and 
compounds, e.g. Alkali Metals^ Carbon Group of Elements^ Oxides^ Hydroxides^ 
Hydrates t and Amines. We have also devoted considerable space to articles on 
important theories, hypotheses, and principles. Some of these articles may be found 
to overlap, e.g., Chemical Change and Equilibrium, Chemical; but the great im- 
portance of the subjects treated in such articles is, in our opinion, sufficient warrant 
for devoting much space to their consideration, and for inviting different authors to 
treat parts of the same subject from different points of view. 

One of the editors is responsible for the inorganic and general, and the othot 
for the organic, chemistry in tliis work. This dmsion was absolutely necessary if 
the book was to appear in a reasonable time ; and moreover the nature and arrange- 
ment of a Dictionary enables various vrriters to co-operate in its production without 
material injury to the unity of the work. 

Wo have been fortunate in securing the help of many contributors — English, 
American, and Foreign— whose work and position enable them to speak with 
authority on the subjects of which they treat. 

We have had the advantage of the advice and a^^sistance of Prof^ G. Carey 
Foster, f.b.s., and Dr. W. J. Ilussell, f.k.s. To these gentlemen, and to all our 
contributors and abstractors, we return our sincere thanks. 

Each editor contributes an introduction to his special part. is hoped that 
the reader will not pass over these introductions, as they give the necessary 
explanltions of the plan onSf4ifth%the book has been written. The table of abbre- 
viations ^od is also important. 

H. Forsteb Mobley. 

M. M. Pattison Muir. 

March, 1888. 



INTHODUCrnON 


TO THE PORTION OF THE BOOK DEALING WITH INORGANIC CHEMISTRY. 


Each element is described in its alphabetical position. The account of the element is 
)llowed by accounts of its binary compounds and those compounds which may be called 
ouble binary, in alphabetical order ; c.y. bromidesy chlorides, chloriodides, sulphochXorides, 
xj. ; but cyanides are placed together in one article. There are also short articles on 
Iromides, Culorioes, Oxides, &c. ; and an article is devoted to each class of elements, e,g» 
i^LKALi METALS, Oarbon GROUP OF ELEMENTS, &c. Ammonium is treated as an element 
0 far as the description of the Ammonium compounds is concerned. Each group of salts, with 
he exception of those mentioned above, is described under one heading ; c.g. all carbonates 
T^deseribed i^der the heading ^arbonates, uU nitrates under the heading Nitrates, and 
0 on. The salts of any spccilied metal are not as a rule enumerated in the article devoted to 
he metal j but in a section of this article is given a sliort account of the salts of the metal 
fonsidored as a class. "When some salts belonging to one class are marked off from the 
>ther8 member of th^class, a short ai'ticle is devoted to a description of these salts as a 
vhole, &c. ; thus there is an article on Alums, and each alum is described in the article 
Sulphates. 

The nomenclatur^adopted is generally that used in tliB Journal of the Chemical 
Society, but it has not Doen thought expedient to attempt great strictness in tliis depart* 
nent. Structural formulso are seldom used for inorganic compounds. 

The term molecular weight is generally used only of those elements and compounds 
wrhich have been gasified, and the specific gravities of which in the gaseous state have 
been determined. 

© The term valency is only applied to atoms, and is used to denote the maximum 
number of atoms of hydrogen, fiuorine, chlorine, bromine, or iodine with which one atom 
of a specified element is known to combine to form a gaseous molecule. 

The sjrmbol Aq is employed to denote an indefinite quantil|r of water ; whe%Aq is 
added to ^ symbol of an element or compound it means an aqueous solution of thil^dy. 

The Allowing gentlemen have been so good as to prepare abstracts of the papers 
dealing 'with inorganic chemistry which have appeared in the various journiiisi^ii^ the 
publication of the last supplement to the first edition of this Dictionary ^essrs. Cosmo 
I. Burton«(VPllliam Burton, G, J. Hill, H. A. Lawraace, Chas. Slatef, and Alfred £, 
Tuttoi|p^ lam much indebted to these centl^en, and also to Mil^ Ida Freund, Leelfeirer 
ih Chemistry at Newnham Collego,%<Tan|bndge, ||vho prepared % translation of Prot 
Ollwald*s article on Affinity, and 1 beg to tender them my best thanks. 

Pattisom. Muiiu 



INTRODUCTION 


TO THE AETICLES KELATINO TO OBGAKIC CHBMISTRT. 


Oroakig chemistry probably includes a greater number of observed phenomena than 
any other science ; it is, clearly, not possible to arrange the description of these in such a 
way that any one, ignorant of the method of arrangement, could readily obtain the infer* 
mation he required. The reader is therefore requested to look through this introduction ^ 
before referring to any of the organic articles. 

The general idea is to devote a separate article to each compound and to arrange these 
articles in strictly alphabetical order ; exceptions are made in the salts of acids and of bases, 
the ethers, chlorides, amides, anilides, and anhydrides of acids, the acetyl and benzoyl deri*^ 
vatives of compounds containing hydroxyl (OH), amidogen • (NHj), or imidogen (ifH), 
the alkyl derivatives (ethers) of compounds containing hydroxyl, ''and the oxims and 
hydrazides of ketones and aldehydes; all these are described in the' Same article as the 
parent substance. ’ . V 

The headings of separate articles are in thick BLACK CAPITALS, the saltan spaced 
type, the alkyl and alkoyl derivatives are in spaced italics^ derivatives of derivatives 
are in spaced type. Subsidiary articles are in black type. In describing a compound 
the physical constants (e.g. melting-point, boiling-point, solubility, refractive index) are 
first given, then follow the modes of formation and preparation of the body, then such pro- 
perties as cannot be expressed numerically, and finally a list of the chief reactions in which 
it plays a part. Inasmuch as organic substances are chiS^fiy characterised their melting 
or boiling points, it has been thought desirable to give these immediately after the name 
and formula of each compound, so that they may be most readily found. The melting- 
points are inclosed in square brackets, the boiling-points in round brackets. The modes 
by which salts, ethers, acid chlorides, and amides are formed from ifle parent acid are only 
givin in particular cases Oj^he^^the method used is not general ; a similar remark applies 
to the acetyl- and benzoyl-cderivatives of compounds containing h;^oxyl or amidogen, and 
to th« oxims and hydrazides of ketones and aldehydes. Informf^on on the preparation 
and properties of such derivatives will be found in general articles. 


Nomenclature. 


Oonstitutioi^l names are usually employed, except when the constitution of a body is 
doubtful; cross-references will bo found under the trivial names. Many trivial names that 
have been almost universally adopted are nevertheless retained, e.g. aniline, aspartic acid, 
cinnamic acid, pyrocatechin, hydroquinone, resorcin. 

The names of hydr^arbons usually end in ene or of phenols in oZ, of Jfases in ine, 
and & indifferent bodies in tn. 

In naming several substituting alkylst that with less carbon comes first, ana Ahen there 
is an e<mal number of carbon atoms the unsaturated alkyl ^mes before the Wurated: 
e-g.ulbtlTyl-ethyl-succinic acid; phenyl-naphthyl-amine; allyl-propyl-malonic acid. Radicles 


containing a %l^ed ring, howe^r, precede fatty radicles, unless there is g|reat danger of 
ambiguity ; in the latter case cross-references will be given. ^ 

Ethers, aedyl benzoyl derivative$%3^ h^dpoxylic compounds are placed uSfder t^e 
parent substance. Thus auisole and^phenyi acetate are described under * Phenol/ as its 
methyl ^ther and acetyl derivative respectively. also methoxy-benzaldehyde^ 
fiescribe^mder * Oxy-benzoio aldehyde ' i^its me^yl derivative* ^ ™ 




derivatives of the hydrocarbon, not of the radicle, thus C2H8(C02H)4 is called ethane tetra« 
carboxylic acid, not acetytbne tetra-carboxylio acid ; and C3H4(S03H)3 is (}«;lled ethane 
di'Sulphonic acid, not ethylene di-sulphonic acid. 

When a compound contains several substituents they are named in the following order : 
Chloro-f Bromo-t lodo^t Cyano-t Nitro-, Oxy-^ Amido-^ Sulpho-t Carhoxy-, In choosing 
the naming grou^ (i.e. the group that is not to be represented as a substituent, but in the 
termination of the name) the following is the oi;dcr of preference : CO^jH, SO3H, CHO, SH, OH 
and NH3. Amidogen has precedence over hydroxyl in fatty compounds, but the reverse 
is the case with aromatic compounds ; thus we say oxy-propyl amine, but amido>phenoL 
Examples: chloro-bromo-phenol, not bromo-chlorophenol ; cliloro-nitro-oxy-benzoio 
acid, not nitro-chloro-oxy-benzoio acid, nor nitro-oxy-chloro-benzoic acid, nor oxy-chloro- 
nitro-benzoic acid, nor oxy-nitro-chloro-benzoic acid, nor chloro>oxy*nitro*benzoio acid; 
sulpho-benzoio aciifl, . |iot carboxy-benzene siilphonic acid; amido-phenyl mercaptan, 
not sulphydro-phenyl-wnine, nor sulphydi-o-aniline. 

' ‘ • Prefixes indicating position. 

| 3 , 7, &c., are employed to denote the position .of substituents in 
.ah opj^n chain of carbon atoms. If the substituent is attached to the terminal carbon atom 
it is preceded by o), wliile a, 7 , indicate its attachment to the first, second, or third, 
atom of carbon reckoned along the chain from the terminal atom. . There are at least two 
ends to an open chain ; the end to be reckoned terminal is determined by the nature of the 
conpound : in monobasic acids it is the carboxyl, in alcohols the group CHgOH, and in 
general the grSup represented in ftie termination of the name. Thus CH3Cl.CHI.GHBr.CO3H 
is called 7-chloro*a-bromo>/3-iodo-butyric acid. 1 

When a, 7 , &c., ore used in any other sense than that just explained, they are inclosed 
between brackets ; e.g. 0)-napbtliol. 

Exo- indicates sfmstitution in an open chain, Eso- denotes substitution in a ring; these 
prefixes are used when the exact position of the substit^nt is^unknown. The prefijps o-, 
p’t (ortho, meta, para) indicate isomerism of the di* derrmtives of benzene (v. p. 454) ; 
8- and u- ore employett as contractions for symmetrical and unsymmetrical. Thus i-di* 
phenyl-ethane is C^,H3.CH,^.CI^3.CgH3 while tt-di-phenyl -ethane is (CeH^laCH.CHj, 

In derivatives of quinoline (B.) signifies tlie benzene ring and (Py.) the pyridine ring. 
In anthracene, acridines, and azincs (BJ) signifies the benzene rings, (A.) denotes the 
sentral ring. 

o ' Alphabetical Order. 

In determining the alphabetical order, the following prefixes are discarded: mono-i 
di; tri; tetror, penta-, hexa-, hepta-, octo-, keeper; ortho-, meta-, pai^, poly-, exo; sso*, 
prim-, tert-, iso-, pseudo-, alio-, a-, /3-, 7 -, v-, n-, 0 -, m^p-, «•, c-, (B.), 

(Py.)t (A.)^and all numbers. Of course when the entire name is numer^, e,y, hexAe^ane, 
hexane, ^Ao., this rule does not hold. Thus di-bromo-benzene is in the same article as 
bromo*benzene ; paraldehj^le is associated with aldehyde, isobutyric acid with »-butyrio 
acid, Ac. The prefixes pyro- and proto- do not belong to this class. 

The nrepence or absence of hyphens between parti of a name in^<f way affects itt 
alph^ettcsl position ; thus * BenjsyUdene 'j>rec6de8 ‘ Benzyl iodid#.' 

Formuhe, to save space, are written as much as possible in one lii^. A por* 
7IV0Q of <^formul 9 inclosed fn bracket^ is usually supposed to represent a group 



of Moms more ;mUmate]y oonneoted with the groape re^eented liy 
iQrmbols, which are not in brackets, than with those folljlwing, e.g. G£l[^|^0«H).CHg.C64H 
ii eaceinio acid. When numbers within square brackets foXow a formula they refer to the sub • 
•tituenistakeninthe orderinwhich they occur in^h^rmi]& : thus C«HsB^(^)(COgH)[l:2:QJ 
k used as an abbreviation for 0,H^Br(N0*)(C0jjH^Br:N02;C0aHc* 1:2:^. Th^pj^tem here 
adopted differs, thereforcr from that sometimes employed, according to which tfie above * 
symbol would mean OaH3Br(NOa) (C0.j^[C05jH:Br:N<Ja « 1 : 2 : 6 ]. Con^Oitutional formula are 
looked upon by the majority of chemists as nothing more than a short way of indicating 
which atoms in a molecule are directly combined, and which are only indirectly combined 
with one another. The followers of Van *t Hoff and Wislicenus, however, suppose that con- 
stitutional formulae can be constructed in the form of solid figures which give some notion of 
the actual relative positions of the atoms in a molecule. All agree that it is by the use of con- 
stitutional formulae that the remarkable development of organic chemistry has been made, 
and that they cannot be abandoned until something better can be found to take their place. 

It is not possible to find space for discussing the reasons which have led to the 
adoption of each constitutional formula; where these reasons are not given, a careful 
consideration of the methods of formation and the reactions of the compound will probably 
reveal them. 

Special Articles. 

In a few articles a number of compounds are grouped together, in violation of the 
foregoing rules. The longest of these arc the articles on ‘ azo- ’ compounds. Other siyjh 
articles are on the ammonia derivatives of ‘ Benzoic aldehyde,’ on ‘ Benzil,’ on the organic 
derivatives of * Antimony,’ ^ Arsenic,’ and ‘ Bismuth,’ on ‘ Camphor ’ and on ‘ Cellulose.* 
The following general articles, amongst others, will also be found in this volume : ‘ Acids,’ 

* Alcohols,’ ‘Aldehydes,’ ‘Alkaloids,’ action of ‘Aluminium chloride,’ ‘Amides,’ ‘Amido* 
Acids,’ ‘ Amines,’ ‘ Analysis,’ * Anhydrides,’ * Aromatic Series ' (see also ‘ Benzene ’), * Azo* 
colouring matters,’ ‘Diazo* compounds,’ and ‘Bromo* compounds.’ 

Contracted Expressions. 

Since the date to which Watts had brt light tho record of chemical discovery, the 
number.of organic compounds known has doubled, nevertheless the space a^otted to thPm 
in the present dictionary is little more tlian a quarter of tfeat devoted to organic chemistry 
in the original dictionary and its supplomeiits. It is evident that there must be extreme 
compression, and this compels the free use of abbreviated expressions ; it is hoped, however, 
that a reader who has once made himself acquainted with tho nature of these abbreviations 
will find that they are very convenient. In the first place, the synSiols of a few common 
reag^ts are used in the tq^t wit^ purely qualitative meaning, altliough when connected 
in an equation they are useX in the ordinary sense. Tho great sa'^iig of space (about 200 
pages) Ites compelled the use of this convention, wliich would be reprehensible under any 
other circumstances. The use of the contractions ‘ v. si. sol. ;’ ‘ si. sol.,’ ‘ m. sol.,’ ‘ v. sol.,’ 
*v. e. sol.,’ and ‘sol.,’ for ‘very slightly soluble in,' ‘slightly soluble in,’ ‘moderately 
soluble in,’ ‘ very soluble in,’ ‘ very easily soluble in,’ and ‘ soluble in,’ enables solubilities 
to be given in th% case of many hundred compounds where space would otherwise have 
compelleC their omission. Of course those tenns ore vague ; where numerical data hawe 
been determined, they are usually given in tho dictionary, preceded by tho letter S. Par- 
ticular attention 8h(|uld be paid to tho exact meaning of these numbers ; they denote the 
fibber of grammes of a jiquid or solid dissolved by a hundred grammee of the ^Ivent, but 
tlw nilsiber of volumes of a gas dissolved by one volume of the solvent. Soluiil|^ used as 
an adjectivoy the menstruum not being named, means soluble in w'ater. 

Constants. 

Numerical feo^stants are not l^iven in tho form a + (t ct^ &c., since sudh cf pressions 
not only toko up a greaX deal of room, but are u^ally worthless, because slight er|prs pi 
experiment predilbe an enormous effect^upon tm ftifStants &, c, See,; in such cases one CfP 
two actual observations, of a kind likely to be useful in identifying the subsknee, have 
nsually blen fielected. 



II ir uttiforttuiate that there is a wont of uzuformity among anthofs in the method of 
teoording phy^lsal constants, ^peciflo graviUeB are given ^ moat authors without any 
mention of thelemperature of tie water that is taken as ston Ard. Some take water at (f. 
some at 4°, i^d others compare the sul^t^oe with water at the same temperatuit4 as itselL 
Takih^tlip specinc graidty of water at 4"* as unity, th%t at 21^ will be *908 ; that is to say, 
for afubstance whose specific gravity is about 1 we may make an error ot *002 by assuming 
that the autlior usfd water at 4^ as^a standard, whereas he really used water at 21^ Under 
such circumstances it would be preposterous to give four places of decimals, and such 
indefinite specific gravities have been out down to three decimal places, and even then the 
last figure is somewhat doubtful. 

Heats of formationmre usually calculated on the assumption that the heat of formation 
of 44 g. of carbonic acid is 9G,0G0, and that of 18 grms. of water is C8,8G0 ; Stohmann, 
Bodatz, and Herzberg, however, use 94,000 and 69,000 respectively, hence their heats of 
formation are not directly comparable with those of other observers. 


MolecvXa/r refraction is the value of the exj)ression M 



where M is the mole 


cular weight, the index of refraction, and d the specific gravity of the liquid at 20 
compared with water at 4*^ (Landolt, P. 123, 595 ; BrUhl, A» 200, 139). Other constants, 

such as been used ; these are of course not comparable with those first 

^mentioned (c/. BrUhl, A. 235, 1). 

The specific rotation is given by most observers for a tube of liquid 100 mm. long, but 
many French chemists use a 200 mm. tube as a standard, and some even 50 mm. When 
the length of tube is stated it is easy to apply the correction, but when, as is often the case, 
an author does not give the length of tube, liis numbers are indefinite. 

The rotation measured for the neutral tint is of course not the same as that measured 
for the sodium line, yet authors occasionally fail to mention the kind of light employed. 
The angular rotation ought to be divided by the specific gravity of the liquid during the 
experiment, in order that the elTcct of equal weights of material may be compared ; yet it is 
to be feared that many authors neglect to perform this division, and also to mention that 
•they have not done it. . . 

Authors frequently fail t(f state whether their melting and boiling-points have been 
corrected for the exposure of port of the stem of the thermometer. This may make a 
difterence of 6°. The immersion of the whole of the mercury in the liquid or vapour is 


indicated by i.V. 


Beferences. 


Where the same paper is referred to several tiine^n the course of one articl^ the full 
reference is given oace, and in other places there will bo found tbe first letter or the first 
two letters of the author’s name, inclosed within brackets; thus, if (Perkin, Cf/. 45, 890) 
and (P.) are foimd in the same article, the (P.) is a contraction for (Perkin, C. /. 46, 890). 


Short Article Expanded. 

In order to make sure that the contractions employed are thoftughly imderstoodj a 
ihort specimen article will be expanded by simply exchanging the contractmns for their 
jquivalents : — 

Bromo-di-oxy-benzoio acid C«II.Br(OH),CO,H [«:2:6:1], [184°, anh^Hrous]. From c-di-oxy- 

aenzoic^aoid in ether and Br (Zelienter, M, 2, 480). Prisms fcSntamiug aq); v.^. Woohol, 
i.iUjai water. Fe,Cla gives a violet colour to its aqueous solution.— AgA'aq.—BtA,7iaq.— 
CA'l}a.q. 

May be expanded tlms : — ^ 

Btomo-4l-o*y-b«nioio acid OABf(OH)»C02H[Br:OH:OH:COJH-!c:2:8:l] melts at 184® alter la 
bfts (ttprived ol its water ol crystallisation. It is fofmed, according io^meniex {Momtsheftsi^: 

2,^480), by adding bromine to an ethereal solution of consecuti^ di-oxy-benzoio acid. It orys- 
t Arises in prisms, and the crystals conl^injb^e molecule of water of drystaUisation to each molecule 
of the aoif These crystals are ver/soluble in alcHiol, but very slightly sdluMe m water, ^mo 
ohlortde colours its aqueous solution violet. It forms the following salts 0*H*Br(0HXC0|Ag,^|0; 

{CJH,Br( 0 H)«C 04 JBa, 7 iH, 0 * and 0,H^r(0H),CO,K,liH.,O. 



m iotroduotion; 

NomeAoUtm of Blngi. 

Beddof the hydrocarb(^ rings, represented by benafne, m^hthalenfl, phenanthreu«i 

.ftnthraoeBe, indonaphthene OeH^pS^CH, tri*«©thyiene / \* , tefara-iiMthylene 

^ ^ CHj^OH, ^ 

OHa OH, ^ many rings ibn* 

taining oiher elements. Some of these are collected here for convenience of reference. It 
will be noticed that glyoxaline and metapyrazole differ only iu regard to the position of one 
atom of hydrogen. The exact structure of rings containing five or six atoms is not known ; 
some alternative formulae will be found on p. 446. 


CH*CHv 

>NH Pyrrole 01 Pyirol 


Nitrogen ring compounds. 


k 


HN- 


pCH PyrazoU. 


h.c~n. 

^ ^CH Metapyrazole, 
CH-NH. 

n Glyoxaline. 

OH — N'^ 

N:CHv HN.( 

JiiCh/ 

^ The di-oxy-derivative of the second form of 
Iriazol has been named * Urazole ’ by Pinner. 
N- Nv 

I >NH TetrazoU, 


or I Triazole, 


CH-CH-CH 
I I II Pyridine, 
CH~N — CH 


CH-N— CH 
0 I II 

CH ‘ 


Pyrazine 


■-—N— CH ketines). 


CH~N — CH 


jU I II Pyrimidine 
S-CH-CH 


<^<1, > 


>NH 


•nd Cja.<NH>^ (p»eudo) 


Indazine. 


Phenazine. 


c,a<(|^.A Nc^hthazine, 


OA^I^^OA Phenazoxine 


CH,-CH,v 
I \NH Pyrrolidine, 

CHa-CH/ 

* Pyrroline * has been used by some authors 
for Pyrrole-dihydride. ‘ Pyrroline ’ in the ab< 
straots in the Journal of tJie Chemical Society 
means Pyrrole. 


CH^-OH^-CH^ 


CH,-NH-CH, 
CHa-NH-CII^ # 


Piperidine, 


CH-NH~CH, 


Piperazine, 


XH.CH 
c.h/| II 
^N.CH 

XH-CH 
c.h/i II 
\CH-N 


QuinoUne, 

Isoquinoline, 




/ 




II Quinoxaline, 


^4\ II 

^N-CH 
XH— N 

I 11 QuinazoUne. 


-CH 

.CH-CH 




CihmUne, 





Offpgen ring compounds, 

I -• )0 Fu 

OR^Coumarone, 


'®Vo>ca<^ch Bemodi/ur/urane, 


Bvitphur ring csmpoundu 
OH-CHv 

CH«=CH, 




i = c.? 

ch=ch/^ 


Thiophihens. 


iM: 


'Ihe nmuberB indicating position in compounds of naphthalene are as follows;' - 

" r 1 

3 

j, 

4' 4 

The positions 1, 4, 1 ', 4f are termed (a), while 2 , 3, 2 ^ 3' are called (3). Quinoline is 



numbered thus:^ 


1 1 
CH CH 

2 HO^ \h 2 


8 Hi 


Py- I 


:i "-i 


CH 8 


Thus {B, 4)-bromo-(Pi/- 8 )-oxy-quinolme would be 

CH CH 

/ \ / V 


HC 

I 

HO 


Pyridine is numbered thus : 


\b/\/ 

1 

CH 


CH 

C.OH 


6 HC 


CH 2 


6 HC CH a 

V 


4 

One of the assumptions made by the recent doctrine of tautomerism is that a lactam 
CO.NH can readily change into a lactim C(OH):N, and that the grouj^ CO.CH^ can change 
• into C(OH):GH. It is obviously expedient to describe two compounds which s|c mutually 
interchangeable, if not identical, in the same article, hence rings containing CO.KH or 
GO.CH 3 are named as if they were hydroxy lie compounds of the form G(OH):N and 
G(OH):CH. 

Laetones and Anhydrides. 

Ijactones and anhydrides are usually described under the substance from which they 
may be derived by the abstraction of water ; thus, butyro>laotone will be described under 
oxy-butyrio acid. ^ 

Prefixes disoardeA.*‘ 


The prefixes Aomo-, hydro-y an^ are not used. Tn# nyoro- cow^uunds of an- 
saturated bodies are, if saturated, Earned in thf usual way; thus b;^t-iinnamio acidii 
phenyl-propionio acid. The hydro- derivatives of ring compounds are described as hydrides 
of the simpler ewnpounds ftom which they are derived : e.g. di-hydro phtHalio acid as 



pMhalio add dihffd/ride. ComponndB beginning with homo- mnet be re-horn^: thtif 
tiomo-salioyiio acid ie oxy-^lnio aoid. 

Hyphene. 

Hyj^ens are placed between each significiht part of a nam^ abe&oe hyphen 

aenally indicates close connection ffetween two groups of atomd ; e.g. phenylemylei’^®^ 
€1 |Hj.OjH 4,NH.CO.NH8 wftile phenyl-othyl-urea is 0eH5NH.C0.NH08j[^. 


Ambiguous names. 

A number of names have been used in several senses by different authors ; it may 
therefore be well to mention the names chosen in some of these ^ases. The terms cyanide 
and isooyanide are altogether discarded, carhamine and nitrile being used instead. Cyanate 
as used for ordinary potassium cyanate and the ethers that may be derived therefrom ; the 
corresponding sulphur compounds are described as sulphocyanides and ihio-carbiniides 
(mustard oils). Cinnamyl is CgHj.OII'.CH.CHj, the aoid radicle CflHj.CHlCH.CO being 
tinnamoyl and C6H5.CH:CH is termed atyryl, 

Tolyl is used only for and not for benzyl CgHj.CHj. nor for OH3.OQH4.GH8t 

Cresyl is not used as a name. Xylyl is only used for (CH3)80eH3., not for 
OH8.O3H4.CH3, nor for (0H3)3CeH3.CH8. Durene is used as synonymous with tetra- 
methyl-benzene. 

Discarded names. 


As it commonly happens that several names have been given to the same oompound« 
it may be well to give a list of the names that have been chosen in a few cases. 


Garbamio ether is 
Urea 

Thio-carbimide 

Tolylene 

Methyl-pyridine 

Di-methyl-pyridine 

Tri-methyl-pyridine 

Methyl-thiophene 

Di-raethyl-thiophene 

Oxy-pyridine 

Methyl-quinoline 

Diquinoline 

— hydrazide 

(B. 1 ). 


used instead of UretJume 
Carbamide 
Mustard oil 
Tohiy^ie 
Picoline 
Lutidine 
Collidine 
Thiotolene 
Thioxene 
yridone 
uinaldine 
biquinolyl 
— izine 
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ABBEBVIATI0N8 


I. JOUBMALS AMD BOOES. 


Whm an author has oeon menttonod in an ariicUt he is usually rtfsrrsd to ihsrsa/ttf 
in that article by his initial only. 


A, , . 
A,A., . 
A,Ch, . 
P.Am,A, 
Am, , , 
Ann, M, , 
Am, 8* . 
A. C, J. . 
Am, Ch, 
Am, J, 
Phann, 
An, , , 
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StaSf Stas’ Recherches, Ac. I 

Beeh, * j Aronstein’s German translation is re- 

SKiSt Stas’ Nouvelles Recherches, &o. j ferred to as Cliem, Projoort, 

Nouv, B.| 

STA. • , I Thomsen’s Thermochemische Untersuchungen. 


n. Tsbus and Quantities, Ac., tbequentlt used. 

W^r ; €jg, NaOHAq means an aqueous solution of caustic soda. 

18 part^Jby weight of water. 

Residues of mono-, di-, and tri-basic acids. Thus, in describing th« salts 
of a monobasic acid NaA', CaA',, AlA', may be written, HA' stlR^ng 
for the acid. Fora dibasic acid we should write Na^A", CaA", Al^A'^ Ac. 
Stand for bases of the ammonia type, in describing their salts. Thus the 
hydrochloride would be B'HCl or B''2HC1, according as the base is 
monacid or diacid, Ac* 

Concentrated. 

X)ilute.% 

fwun. 

milligram. 

millimetre. 

molecole 




oil, . • 

PP* • • 
toppt. • 
ppg. . , 

ppa. . ^ 
soL*^ . 
iniol.r . 
V. e. sol.. 
▼. sol. . 
m. sol.. . 
si. sol. . 
V. si. sol. 
V. . . . 

C/.. . . 
0 . • . . 
["] . . 

k:! ; ; 

At. w. . 
Mol. w. or 
M. w. 
D.. . . 
cor. . . 
uncor. . 
i.V. . . 
V.D. . . 
S.G. . . 
S.G.\? . 
S.G. V . 
S.G.ii . 

S.H. . . 
S.H-.V. . 
S.H.p. . 
H.C. . . 


H.O.T. 

H.O.p, > 
H.F. 


H.F.V. . 

H.r.p. , 
H.V. . . 


T.O. . 
S.V. . 


3.V.S. . 

E.O. . . 
3.E. (10° 

^ to 20°) 

J. (alco- 
hol) 

. . 

>D, wO. • 

»»». f 


•a 

W . 


AaWOTVtATrONft ^ 

liqnidi ntarljr, or qoJto, uuoluUt in watac, 

Dreoipitate. 
ft precipitate, 
precipitating, 
prqpipitated. 
soluble 14^ 
insoluble in. 
very easily 
vetf 

moderately soluble in. 

slightly 

very slightly - 

see. 

compare. * 
about. 

a melting-point, 
a boiling-point. 

Hardness (of minerals). 

Atomic weight. 

Molecular weight. 

Density, 
corrected, 
uncorrccted. 
in vapour. 

vapour-density, i.e. density of a gas compared with hydrogen or air. 

Specific gravity compared with water. 

„ „ at 10 " compared with water at 0°. 

»t f» »» 1^^ i» If If i> 4°. 

„ „ „ 12° ; compared with water of which the temperature is 

not given. 

Specific heat. 

,, „ of a gas at constant volume. 

„ „ .. „ pressure. 

Quantity of heat, in gram-units, produced during the complete com- 
bustion of the mass of a solid or liquid body represented by its 
formula, taken in grams. 

Heat of combustion in gram-units of a gram-molecule of an element or 
compound, when gaseous, under constant volume. 

The same, under constant pressure. 

Quantity of heat, in gram-units, produced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
their formulce, taken in grams. 

Heat«of formation of a gram-molecule of a gaseous compound from the 
gram-molooules of its elements under constant volume. 

The same, under constant pressure. 

Heat of vaporisation of a liquid, i.e, gram-units of heat required to change 
a gram-molecule of the liquid compound at £.P. into gas at samo 
temperature and pressure. 

Thermal conductivity ( unit to be stated). 

Specific volume ; or the molecular weight of a gaseous compound divided 
by the S.G. of the liquid compound at its boiling-point compared with 
water at 4®. 

Specific volume of a solid ; or the mass of the solid expressed byjitB 
formula, taken in grams, divided by its S.G, . 

Electrical conductivity (the unit is stated in each case). 

Coefficient of expansion (between 10° and 20°). 

fof a gas = volume dissolved by \ volume of water. ■$ 
Solubility in water J of a liquid or solid = number of grms. dissolved by 
„ „ alcohol i 100 grms. of water. In both oases the temperature 

tis stated. 

Index of refraction for hydrogen line jS. 

It ,, „ sodium „ D, dro. 

Molecular refraction for sodium light, i.e. index of refraotiOa for line n 
minus one, multiplied by molecular weight, and d^ded by S.G. at 16** 
compared with watefat^’f, . ^ 

The same ; S.G. being determined at*l6°-20° and referred to water at 4°. 
The same for line of infinite \^ave-length, index j^ing detetmindl by 
.(Jauchy's fo^yiula (Brilhl’s BJ. 



:P^ 

Ml • • 


■ %. 

M. If 


Ao . 
Bz . 

• 

Et . 
Me . 
Ph . 
Pr . 
Pr . 

Hi t^'C 

prim . 
sec . 
Urt . 
n . . 

m, OtP 

c . . 
i . . 

8 . • 

U . • 

^ . . 


a,/9,7,Ac. 
1,2,3, <S:g. 
(«). (J8), 

<S^o« 

(B,) . . 

(Py.). . 


W . 

890- . 

«»>. . 
aPif- . 

thio* . 
gulpho- 
lolphydro-i 


Jasa&Lia!kiiis% 


Speolpo lointion l|P|ir 

fi ^11 ti neatral tint. 




obMri^d rotation toi 
p»no. olgirammes of aotiva 


loo mim. of liquid, d » S.G. of liqui 
enbatanoe in 100 grammes of liquid, t « * 

" ni X <1 ^ 0 . 

Molecular magnetic rotatory power * ^ m ^ where m - idbleoplar 

wei^t of the body of S.G.«d, a»angle of rotatioi^ under magnetiOA 
influence, o' « angle of rotation of water under same influence, and 
m' = molecular weight of water (18). 

Acetyl C,,H,0. 

Benzoyl CjHjO. 

Cyanogen ON. 

Ethyl C^Hj. 

Methyl OH,. 

in formubs. 


.CH,. 


Phenyl CgHj. 

Normal Propyl CHj. CH. 

Isopropyl CHiCHg).. 

Alcohol radicles or alkyls. 

primary. 

secondary. 

tertiary. 

normal. 

meta— ortho— para. 

consecutive. 

irregular. 

symmetrical. 

unsymmotrical. 

pseudo. 

attached to nitrogen. 

Employed to denote that the substituent is attached to a carbon atom 
which is next, next but one, or next but two, respectively, to the 
terminal carbon atom. The end to be reckoned from is determined 
by the nature of the compound. Thus CHs.CHBr.CO^H is a*bromo> 
propionic acid. 

denotes that the element or radicle which follows it is attached to a ter* 
minal carbon atom. 

indicate position in an open chain, only, 
indicate position in a ring only. 

Used when a, 0, Ac. are employed in a cjnse different from &e above, 
e.g. (a)>di*bromo-camphor. 

Baeyer’s Nomenclature : 
benzene ring, 
pyridine ring. 

Thus (B. 1:3) dichloroquinoline, moans a mcta dtohloroquinollnein 
which the chlorine atoms are both in the benzene ring. 

While (Pp.:l:3) dichloroquinoline, means a similar body, only the 
chlorini atoms are in the pyridine ring. The numbers are counted 
from two carbon atoms which are in different rings, but both united 
to the same carbon atom. 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. 

means that the element or radicle it precedes is in a closed ring. 

„ „ „ „ „ not in a benzene ring, 

d^otes isomerism that is not indicated by ordinary formula ; thus n^elo 
acid may be called a//o-fumnric acid, 
denotes displacement of oxygen by sulphur. 

the group SO,H, except in the word sulphocyanide. 


group SH. 
tnonitj 


Tribromonitrobenzene sulphonio acid [I:2;3:4:6] means that th# three 
bromines occupy positions 1, 2, and 3; the nitro* group the positibnd, 
and the sulpbo- group the position 6. 

* x^Benotes that the formula to which it is affixed has \oX been determine by 
analysis, ^ut it by no means follows that formula) without this mark ariose ^ 
analysed oompounds. e 

All t^peraturA are given in degrees ^Oentijn^ade unless when specially staM 
otherwise. ^ " 

’ Wave-len^hs are given in 10'* mm. . ; 

Ibnnulis, when used instead of names of substances, have a . Qualitative: meiflliiiy 

Wily. . 

^QmieQ*s notation is used in thermofihemieal data 



BICTIONAET OF CHEMISTRY 


ABIES.— The needles of A.jyeciinata contain 
a sugar called Abktite^ CallgOa, very much like 
mannito, but differing therefrom in composition 
and in solubility. The same plant contains a 
tannin identical with the soluble tannin of the 
horse-chestnut, 0 i,H, 20 „, and convertible by hy- 
drochloric acid into an anhydride CggH^^jOas, in- 
soluble in cold water, but soluble in boiling 
potash-lye, slightly in water and alcohol (Iloch- 
leder, 105, 63, 123). — The fruits of Abies 
UegintSB Amalicc, indigenous in Arcadia, yield, 
by distillation with water, about 18 p.c. of a 
colourless volatile oil smelling like lemons, 

S.G. *868 (156-159°) ; slightly Ifevorotatory. Ee- 
sinifies quickly in the air, exerting an ozonising 
influence stronger than that of turpentine-oil. 
Dissolves iodine, and absorbs hydrogen chloride, 
forming a liquid compound C,yII,6.HCl (Buchner 
a.Thiel, J.pr. 92, 109), H. W. 

ABIETENE The heptane of Pinus 

tabiniana ( v . Heptanes). 

ABIETIC ACID [139°] or [165°].— 

Caillot, J. Ph. 16, 436 ; Maly, A, i20, 94 ; Em- 
merling, D, 12, 1441 ; Kelbe, B. 13, 888.— Oc- 
cuwence. The clear liquid turpentine of various 
species of pine^^ontains abiotic at|hydriae 
which, on exposure to the air, absorbs 
moisture and is converted into abictic acid, the 
liquid then coagulating to an opaque granular 
pulp. The anhydride is the chief constituent 
of common resin or colcf hony. 

Preparation.^!. Coarsely pounded colophony 
is digested for two days with weak spirit ; tho 
liquid is decanted from tho white crystalline pulp, 
and squeezed in a press; the press-cake dis- 
solved in hot strong alcohol, and tho solution 
left to itself at ordinary temperatures ; a white 
crystalline crust is thus obtained ; tho mother- 
liquor, when cooled by ice, usually solidifies to 
a loose mass of white laminaa, which constitutes 
the greater part of the product. The crystalline 
crust consists of sylvic acid tho lamime 

of abiotic acid (M.).— 2. Colophony is digested 
for two days with spirit of 70 p.c., and the undis- 
. solved portion, after washing with weak spirit. 
Is dissolved jp the smallest possible quantity of 
glacial ace^fl acid. From this solution the acid 
separates in crusts, and on adding a little water 
to, its solution in hot alcohol and stirring, it 
-is obtained in crystalline scales (E.). — 9. Soda- 
lye which has been used for purifying crude 
resin-oil istmilld with common salt, and the 
loan which separates is dried at 7G°*-80°, and 
nurlfldCL by exhaustion with ether. The ro4due 
SssoIyob m alcohol, smd the solution, on evapo- 
ration, deposits needle-sha^.crystals of sodium 
fWatatOi the aqueoua fpluuon of fhioh yields, 

Yon. t 


on addition of hydrochloric acid, a white pp. of 
abietic acid, which melts to a resinous mass it 
the mixture is boiled (K.). 

Properties. —Separates from hot alcoholie 
solution in irregular transparent pointed tri- 
clinio crystals melting at 165° (M., K.) ; 139° 
(E.) ; 135° (Fliickiger). Sol. alcohol, ether, oen- 
zene, glacial HO Ac, CHCIg and CSj. 

Reactions. — 1. Abietic acid distilled with sine 
chloride yields a heavy oil (70°-250°) containing 
heptylene (E.).— 2. Strong hydrochloric and hy~ 
driodic acids at 145° abstract the elements of 
water from it, leaving the anhydride (E.) ; but 
when treated in alcoholic solution with gaseous 
HCl, it yields sylvic and sylvinolio acids : 

+ n,0 = (?) 

Sylvic acid is also formed when a hot alcoholic 
solution of abietic acid is mixed with sulphuric 
acid (M.).— 3. Triturated with PClj it yields on 
distillation a volatile oil C^Hgo, called by Maly 
ahielone, together with HCl and POCl,. — 4. By 
oxidation with KMnO^, abietic acid yields car- 
bonic, acetio and formic acids. — 5, Boiled with 
chromic mixture, it yields large quantities of 
acetic and formic acids, and, after removal of 
these by distillation, ether extracts from the 
liquid a small quantity oftrimellitic acid 
C„H3(C0.^H), (E.).— 6. Tlie anhydride (colophony), 
oxidised with nitric acid, yields isophthalic acid, 
together with triraellitic acid (Schreder, B. 6, 
413). — 7. Abietic acid fused with potash yields 
propionic, but no protocatechuio, acid (M.), — 8. 
Sodium-an^lgam added to a warm alcokolie 
solution of abietioiacid converts it into hydra- 
bietio acid a dibasic aci^ which 

forms white unctuous lamime melting at 1,60* 
(M.).— 9. Abictic acid with acetic chloride ora»t- 
hydride at 160° yields an oily acetyl-compound 
(B.). — 10. Bromine added to a solution of abietic 
acid in CS.,, forms a bromo-derivative, probably 
C^^HsaBr-P’, which separate# from alc^ol as a 
red powder melting at 134° (B.). — 11. vistilled 
with zinc dust it yields toluene, w-ethyltoluene, 
naphthalene, methyl-naphthalene, and methyl- 
anthracene (Ciamician, G.#, 305, B. 11, 269). 

Abietic acid is dibasic, mostly ^rm- 
ing normal, rarely acid, salts. The alkaline salts 
are difficultly crystalli sable. The normal abie- 
tates of the other metals C 4 |H(t 3 M" 05 are sparingly 
soluble in water, and are obtained byipnoipita- 
tion. Na.^", needles (from dcohol).— MgA", 
flocculent, v. sol. alcohol.— 

BaA".— ZnA", si. sol. aHohoh-CuA", v. sol. 08, 
^or ether ; pale green. 

Ethyl Abistate EtgA^ ifttaiDed by decom- 
posing silver abietate with ethyl iod^e diluted 
with ether, forms a yellowish mass, naving an 





:ftlir8tio odoxtf; insoluble in ivater, slightly so- 
' Inblb in alcobolt easily in ether and CS<j. 

khMin C4,H,A».«-^44H„(CHMe:CH),OB 
4e deposited from a mixture of glycerin and a 
/eonee^tinted alcoholic solution of abietic acid, 
lifter exposure to a lo^v temperatu]^ for several 
'days, in small white cry^als momng at 125^, 
Hioluble in ether and alcohol (M.). H. W. 

ABIEnC ANHYDKIDE is not 

lormed by direct deliydration of the acid, but 
exists, as already observed, in the clear fresh 
turpentine of certain conifers, and forms the 
essential part of colophony. H. W. 

ABIETIN. V,$tipra. 

ABIETXTE C4 HhOs. — Abietol. The sugar of 
Abies metinafa. 

ABllOTlNE C„n2.,N,0.-An alkaloid from 
Artemisia abrotanum (P. Gincosa, J. 1883, 1356). 
White crystalline powder or white needles. SI. 
sol. hot water. Its solutions tluoresce blue. 
Salts: B''H,riCl,.~B,/'fI,S046aq. Needles. 

ABSINTHIN or Absynthiin C4orT,,,0., [120'^- 
I25'’J.-(lMein, A. 8, Cl ; Luck, A. 78, 87 ; Kro- 
tnayer, Ar. Fh. [2] 108, 120). — The bitter prin- 
ciple of wormwood [Artemisia absynihium). 
Prepared by exhausting the dry herb with cold 
water; absorbing the bitter principle from the 
concentrated extract with boneblack ; extracting 
with alcohol ; purifying by treatment with basic 
lea<l acetate, precipitating the lead with H^S, 
«nd evaporating the filtrate. 

^ Proj^erties.— Yellow powder, composed of 
minute crystals. V. si. sol. cold water, si. sol. 
hiot water, v. sol. alcohol or ether. Very bitter. 
Keutral to litmus. Smells like wormwood. 

lieactioJis. — 1. Cone. forms a brown 

solution, turning greenish-blue. A little water 
iurns the colour to a splendid blue, destroyed by 
more water.— 2. Boiling dilute H.JSO4 acquires 
a yellowish-grcon fluorescence, and deposits a 
hrown resin.— 3. Does not reduce Feliling’s solu- 
tion.— 4. Gives a mirror with warm ammoniacal 
AgN03.-5. An alcoholic solution give.? a sticky 
gip. with tannin.- 6. Gives no pps. with metallic 
S^ts. H. W. 

: ABSINTHOL.— (195°) or (201 ).— 
a. KuplTer, B. 6, 118.3, 170, 290; 

Wright, C. J. 27, 1 and 31tf). — Isomeric with 
commoa camphor. Forra.s the es.scntial principle 
of wormwood-oil, in which it is associated with 


[Acajou wf Oashew-nut Anaeardium oe^ 
dentaUt growing in the Wegt Indies and Soutb 
AmerioOf^ntains a large quantity of a red-brown 
resinous^esicating substance, which may be ex- 
itracted by ether, the soliftion #henfevaporated 
^leaving a network df small crystall of ^acardlo 
acid soaked in an oily liquid called cwrdolt to 
which the resin owes it* acrid properties 
deler, A. C3, 137). A oatochin C4.,H,40„ [166°] 
may be got from acajou-wood (Gautier, Bl 30, 
608). H. W. 

ACABOIB BESIK.— Besin of Xanthorrhea 
Jiastilis, a liliaceovLS tree of Australia: also called 
resin of Botany Bay. Yellow, fragrant, soluble 
in alcohol, ether and caustic potash. The potash- 
solution treated with HCl deposits benzoic and 
cinnamic acids. Nitric acid readily oxidises 
to picric acid. Yields on distillation phenol and 
small quantities of benzene and styrene (Sten- 
i house, A. 57, 84). By potash-fusion it gives 
jo-oxy-benzoic .'vcid, resorcin, and pyrocatechin 
(Illasiwetz a. Barth, A, 139, 78). H. W. 

ACECHLOBIDE OF PLATINUM v. Acetone. 

ACECONXTIC ACID The ethyl ether 

is formed, together with the (probably isomeric) 
citracetic ether, by the action of sodium on 
ctliyl bromo-acotato : 

3EtC\H JlrO, + 3Na = EtBC.H^O,, + 3NaBr + 
(Baeyer, A. 135, 306). The product is distilled 
in vacuo, and the ethers saponified by baryta. 
Baric accconitato crystallises, leaving the 
gummy baric citracetate in solution. 

Nodular grouj)s of needles, V. 
sol. other. Gives no crystalline sublimate. 

Salts . — Barium salt forms small, sparingly 
soluble crystals. A solution of the calcium salt 
becomes turbid when heated.— Ag:,A"'aq. Ethyl 
ether .-— Lighter than water. H. 

ACEDIAMINE NH,.CMe : NH 

V. AcF.T-AfolNE. 

ACENAPHTHEKE C,.,n,o i.e. C,bH, : OaH*. 

CH CH 


S terpene (b.p. below 160°) and a deep-blue oil 
(270°-300 ) identical with the blue chamomile 
oil examined by Kachler [B. 4, 36). Absinthol 
boils at 195" (B. and K.), at 200°^205° (W.), 
217” (Gladstone). ^)iflcrs essentially from cam- 
phor in chemical reactions, not being converted 
into camphoric acid by oxidation with nitric 
«cid,nor into camphq-carboxylic acid, C,,Hja03 = 
!C„H,4(0H).C0^H, bjTflodijlim and CO.^, and yield- 
ing melting potash a large quantity of resin 
but no acid. Heated with it yields cymene 
'C„H,4, and cymyl hydrosulphide C,pH„SH, boil- 
ing at 230°-240° (W.). Cymene is also formed, 
though inf mailer quantity, by treating absinthol 
with zinc chloriri&(W.). H. W. 

AB80BPT10K DF 0\?E8 BY LIQUIDS AND 
SOLIDS V, Gases, ® . 

ABSOBPTIOB^PEOTBA v. PutsicA^ Ms-’ 
iTHODS : sect. O^ptIcal. 

AOACMT or Acacia gum v. Arabin. 

HCUUOU.'-^The pericarp of the nuts of the 


CH, — CH, 

M.w. 151. [95°] (Bohr a. Dorp, A, 172, 265), [103T 
(ScliilT), (278° i. V.). V.D. 5«35 (for 5-38). S.V.S. 
149-16 (SchilT, il. 223, 263). 

Occurrence.— In coal-tar oil (Bcrthelot, 

[2] 8, 226). 

Foiifiation.—!. By passing a mixture of 
ethylene and benzene or naphthalene through 
a red-hot tube (Bcrthelot).— 2. ^y passing 
(a) -ethyl-naphthalene through a rea<|iot tube. — 
3. By treating (a) -ethyl-naphthalene with Br at 
183° and decomposing the product, Oj^Hf,0,H4Bri 
with alcoholic KOH at 100° (Berthelot a. Bardy, 
C. R. 74, 1468). ^ 

Preparation.— Keayy coal-tar oll1(260®-290°) 
is carefully fraotioned, and the fraotioik260^- 
270* cooled strongly till it solidifies. BeSysta^ 
lised from alcohol (Terrisse, A. 227, 184). 

Propei'ties.—hongneedleB (from aloonol).^y* 
sol. hot alcdbol, y. 8l, sob cold alcohol 
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A mUlure of aloohoHo sola- 
Ikmil of acenaphi^ne and pietie acid de- 
MBite onnge-yellow needles of the pier ate, 
[162®]. — 2. Co!0, H-^SO^ i 
fonpa a Bulphoaftte wHose salts are very soluble J 

A. little Bp^O/turns the soldRon in H2SO4 green.^ 
8 , Cold HNO, forms di-nitro-acenaphthene, 
STeUesr needles (from binzoline) ; insol. in alco- 
hoi. — 4. CrOj, and H2SO4 give naphthalio acid, 

(B.a.D.). — 5. Bromine added to an 
Bthereal solution forms hromo-acenapUthene, 
0joH4BrO2H4 [63 ; tables (from alcohol) ; oxi- 
hses to bromo-naphthalio acid (Blumenthal, 

B, 7, 1095).— 6. A further quantity of bromine 
idded to a solution m CS.^ forms 

jrhite needles (from alcohol).— 7. Iodine at 100" 
jolymerises it. — 8. Cone. Ill at 100® forms a 
lydrocarbon (? OjoH,.,) (0. 270°).— 9. Cone. Ill 
(20 pts.) at 280® produces naphthalene di-hydride 
and ethane. — 11. Potassium gives off hydrogen, 
forming C,2H„K (Berthelot). 

ACENAPHTHYLENE C.^H, i.e. C,oIl4:C2H..; 
probably 

CH 



[93®] (265®-275®). 

Preparation.— Acenaphthene (6g.) is put into 
a combustion tube, and the rest of the tube filled 
with litharge, The acenaphthene is heated 
strongly, and the vapours pass over the litharge, 
which must notebe red hot (Blumenlhal, B. 7, 
1092 ; Behr a. Dorp, B. 6, 753). 

Propert t05.— Large golden plates (from alco- 
hol). Is partly decomposed by boiling! V. c. sol. 
alcohol, ether or benzene. 

Beactiom, — 1. Sodiv^ amalgam reduces it, 
in alcoholic solution, to acenaphthene.— 2. C/iro- 
mie mixture oxidises it to naphthalic acid. — 
3. Combines, in ethereal solution, with bromine, 
forming 

vCIIBr 
C.4H. < I 

\cnBr 

[121®-123°]. This forms white needles (from | 
benzene mixed with alcohol). Chromic mixture ' 
oxidises it to naphthalic acid. Alcoholic KOH 
oonyerts it into brovio-acenaphthylene, 

yCBt 

■ ’ <11 
\OH 

This is aliauid, but its picrate forms yellow 
. needles. Mmo-acenaphthyleno is converted by 
bromine into orange-rod plates of di-bromo-ace- 
naphthylene, 

>CBf 

0|«HjBr < |] 

, • \CH 

. ^»craf&-OiAC.H,(NO2),OH[202®]. Yellow 

needlci. Y. si. sol. cold alcohol, • 

• AompACEIIO ACID e. Aobto-aobim Acid. 

ACETAl O.H„0. U CH,.OH(OBt)..— XH- 
0^lMicetalf di-^thyl aldehydaU (v^Aldefyoe). 
^M;wr J104®) (Stiil); (108*2^)\t 762 mm. 


(B. Schiff, A, 220, 104) ; (21®) at 29mm., (50-6 
5* 121 mm., (102-2a at 760 mm. (Kahlbaum 
S.a. ? •8314 (Brah^ *8319, -8233 (Perkin 

4- *7364 (So.). V..D, 4*141. Critical temperate 
264*4® (Pawlewski, P. 16, 2633). S. 4*#^it 26 
S.V. 169*88 ^Sc.). fj^ 1-386. ^ Botf 62*62 (B, 
M.M. 6-968 at 16*1® (1^). ^ ' 

Occurrence.-^ln crude spirit, after filterir 
through charcoal (Geuther, A. 126, 63). 

Formation. — 1. By the imperfect oxidatio 
of alcohol (Doebereiner ; Liebig, A. 6, 26; 1< 
166; Stas, A. Ch. [3] 19, 146; Wurtz, A. Ct 
[3] 48, 370 ; A. 108, 84). Hence its occurrenc 
in raw spirit and in old wines.— 2. By action ( 
chlorine on alcohol : 

aC^H^O + CL, = C,H, 4O2 + 2HC1 + HjO. 

3. One of the products of action of alcohol 0 
ethyl di-bromo-acetate (Kessel, B. 11, 1917 

4. By passing non-inflammable PHj into a mia 
ture of equal volumes of aldehyde and alcohe 
at -21® (K. Engel a. Do Girard, C. B. 91, 692 
0. J. 38, 458). 

Preparation.—l. From Alcohol.— 1. By im 
perfect oxidation under the influence of plati 
num-black. Fragments of pumice arc moistened 
with nearly absolute alcohol in a wide-moutho4 
flask, the upper part of which is ^cd witl 
shallow glass capsules containing platinum 
black, and the flask, covered with a glass plate 
is left in a room at 20° till nearly all the alcoho: 
is converted into acetic acid. Alcohol of 60 p.o 
is then poured in, and the flask, again covereo 
with the glass plate, is exposed to the same tern- 
peraturo for a fortnight or three weeks, by whicb 
time the liquid above the pumice will have be< 
come viscid. This liquid is then poured off, mow 
alcohol is added, and this course of proceeding 
is repeated till a few litres of very acid liquid 
have been obtained. This product is saturated 
with potassium carbonate, dried with calcium 
chloride, and about a fourth of it is distilled off; 
the distillate is treated with calcium chloride; 
the lower layer of liquid — consisting of aldehyde, 
ethyl acetate, and alcohol— is again mixed with 
calcium chloride, and distilled till the dist^late 
no longer rfauces^ilver nitrate ; and the residue 
is treated with potash-lye, washed, dried with 
calcium chloride and rectified (Sta8).’*-2. By 
distilling alcohol (2 pts.) with manganese dioxide 
(3 pts.), sulphuric acid (3 pts.), and water (2 pts.), 
and rectifying the product, which consists of 
acetal mixed with aldehyde, ethyl acetate, <feo., as 
above.— 3. By passing cliloiipe through alcohol 
of 80 p.c. cooled to between 10*" and Id® till a 
portion becomes turbid on addition of water, in- 
dicating the formation of substitution-products. 
One fourth of the acid liquid is then distilled 
off; the distillate is aeutralised with ohdk; a 
fourth part again distilled off ; and the disSBate, 
consisting of alcohol, ethyl acetate, aldehyde, 
and acetal, is treated as above to separate the 
acetal (Stas). According to Lieben [3] 

52, 313), the chief products of the action of 
chlorine on 80 p.c. alcohol IWP mono- and di- 
ohloracetal. 0 

1 II. From Aldehyde. — 1. By passing gaseona 
hydreten chloride into a mixluraof 1 vol. aide- 
hyde and 2 vol. absolute alcohol, cooled by a frees- 
ing mixture, whereby thp compound OAOlO 
is obtained, as an ethereal liquid floating on tht 
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aqueous bjdrocblorio acid, and treating tiiis 
oompotind with sodium ethjlate: 

OjH^O + 0^0 + HCU H.,0 + C,H,C10 ; 

and OjHgOro + OjHjONa « NaCl + C^H, 4O2 
rWurtZ!!^ a. Frapolli, C. 12. 47, 418 ; A. 108, 223). 
a* By treating aldehyde with PBfj, ^hereby it is 
converted iiilo othylidene l^omido, and acting on 
this compound with sodium ethylate : 

CHMeBr, h 2NaOEt - 2NaBr + CHMe(0Et)2 
(W. a. P.). 

Properties.— Colourless liquid, less mobile 
than ether, having a peculiar agreeable odour 
and refreshing taste, with an after-taste like that 
of hazel-nuts. Separated from aqueous solution 
by calcium chloride and other soluble salts. 
Miscible with ether or alcohol. 

Reactiom. — 1. Not altered by mere exposure 
to otr, but quickly oxidised in contact with pla- 
tinum-hlach to aldehyde and acetic acid. Oxi- 
dised also byjiifricand hy chromic acid . — 2. Not 
decomposed by caustic alkalis if air is excluded. 

3. Forms substitution-products with chlorine. 

4. Strong sulphuric and hydrochloric acids dis- 
solve and decompose it, the mixture turning | 
black. — 5. Dilute acids, even in the cold, split up 
acetal into alcohol and aldehyde. — C. A solution 
of acetal does not give the iodoform reaction, 
unless it be first acidified (Grodzki, B. 16, 612). 

7. PCI3 forms CHj.CHCl.OEt, EtCl and POCI3 
(Buchanan, A. 218, 38). — 8. Heated with glacial 
HOAc it forms acetic ether, thus : 

CHa.CH(0Et)o4 2Ac0H=i 
CH 4 CHO + H.;0 + 2AcOEt. 

9. Does not reduce AgNOaAq.— 10. Chromic 
mixture forms acetic acid.— 11. Heated with 
MeOH it is almost completely converted into 
Eton and CH3CH(OMe),.— 12. Heated with 
PrOH it is mostly unchanged, but some 
CHa.CH(OEt)(Orr) and some CHaCI^OPr)^ arc 
formed. — 13. Healed with iso-amyl alcohol it 
behaves as in 12. 

References. — Homologues of acetal are de- 
scribed under the aldehydes, to which they cor- 
respond. Bromo- and chloro-acctals are described 
under bromo- and chloro* acetic aldehyde. For 
oxy-qcetal v. gl ycoll ic aldehyde. 

ACETALDEHYDE v . Alde^tde. '' 

ACETAMIDE CJSjNO i.c. NHAc or 
CH,.COft^H,— Amide of acetic acid. M.w. 69. 
[83'=>] (Hofmann, B. 14, 2729) (222^ cor.). S.G. 
j 1*169 (Schroder, B. 12, 6C2), 24'36 in a 

34-p.c. aqueous solution (KanonnikolT, J. pr. [2] 
81, 347). Discovered by Dumas, Malaguti, and 
Leblanc m 1847 (C.(.22. 25, 657). 

PoTTOttfion.— 1. % heating ethyl acetate with 
strong aqueous ammonia at 120° 

AcOEt NH, « AcNH, + HOEt. 

2. By action of ammonia on acetic anhydride : 

Ac,0 + 2NH, « NH^Ac + AcONH^. 

8. ByMistillation of ammonio acetate : 

ACONH4 « AcNHj + H^O (Kundig, A. 105, 277). 

4. When dry NaOAc (580 g.) is distilled with 
KH4CI (22^ g.) very little acetamide (70 g.) is 
got : the distillate is chiefly NH, and acid am- 
monio acetate, ^Lh boils at 145°. 

Pr^ration. — 1. Actfio ether and aqueous 
ammonia are left in a closed vessel until the ether 
has disappeared, r The product is distilted.— 

2. Glaci^ acetic acid (1 kilo.) is saturated with 
dry NHg and the product distilled in a current 
of dry NH.* Above 190° acetamide (460 g.) comes 


over; the first distillate (below 190^ is treated 
in the same way : it gives mosO acetamide (170 g.). 
A third r^etition of this operation gives more 
aoetamid(jf(110 g.). Total yield: 740 g. (Keller, 
©tL w, [2] 81, 864).-~3. AJhmortio oWoride and 
Bodio acetate are flslated in an edamelled iron 
digester for six hours at 230°. The product is 
distilled (Hofmann, B. 15, 981).— 4. A mixture 
of ammonio acetate (20 g.) and acetic anhydride 
(26 g.) yields on distillation 96 p.c. (12 g.) of 
acetamide (Schulze, J.pr, [2] 27, 512).— 5. Am- 
monio sulphocyanide (1 mol.) is boiled for four 
days with glacial acetic acid (21 mols.) : 
NH4CNS + 2AcOH = 2ACNH2 + COS + Il.fi (S.). 

Purification.— AcQt&mi^G can be freed from 
ammonic acetate by drying over lime (Menschut- 
kin, J. n. 17, 259). 

Properties . — White hexagonal scales, smell- 
ing like excrement of mice. Deliquescent. V. 
e. sol. water. Conducts electricity and is easily 
electrolysed. 

Reactions. — 1. Besolved by distillation with 
P0O4 into water and acetonitrile, C.H 3 N. — 2. With 
P0S5 it also yields acetonitrile, giving off H^S, and 
leaving a blackish tumefied residue. — 3. Heated 
in dry HCl-gas it yields : a. A liquid distillate 
consisting of acetic acid with a small quantity 
of acetyl chloride ; b. A crystalline distillate of 
(C3H4N0}3HC1, and a compound of acetamide 
and diacetamide C3H4NO.CJH7NO2, the latter of 
which may be dissolved out by ether ; c. A non- 
volatile residue of acetamidine hydrochloride 
mixed with sal-ammoniac : 

2C..H,NO + HCl = C2HeN2.HCl + C.2TI4O,, 
(Strecker, A. 103, 328).-- 4. Acetamide heated 
in sealed tubes with saturated hydriodic acid 
yields ammonia, acetic acid, and ethane : 

2C2H3NO + 3H2 = C2H4O2 + 2NH, 4 C2H4 , 
(Berthelot, Bl. [2J 9, 183).— 5. With CS.^ at 
about 210^ it gives off ILS, COS, CO, and pro- 
bably ethane, leaving ammonium sulphocyanide 
mixed with undecomposed acetamide : 

2C,,H5N0 4 CS2 = NH4.SCN 4 COS 4 CO 4 C^H, 
(Ladenburg, Z. [2] 4, 651). V. Aldehydes. — 
6. Nascent hydrogen *copper-zinc couple or 
sodium-amalgam) forms some alcohol and alde- 
hyde (Essner, Bl. [2] 42, 98).— 7. Heated with 
NaOEt at 180’ it forms ethylamino (Seifert, B. 
18, 1357). — 8. With ethyl ortJwfonnate at 180° 
acetamide yields ethyl alcohol and diacetyl- 
formamidine : 

2NH2AC 4 CH(OEt)3« 3EtOH 4 N2 (CH)Ac 2H. 
Another reaction, however, takes place at the 
same time, producing alcohol, ethyl acetate, and 
formamidiue : ^ 

2NH2Ac4CH(0Et),« 

Eton 4 2EtOAc 4 N2(CH)H, 
(Wichelhaus, B. 3, 2).— 9. Acetamide heated in 
sealed tubes with henzaldehyde is converted into 
benzylidene-diaoetamide : S * 

2NH2AC 4 PhCOH = H,0 4 PhOH(NHAc),. 
With aldehyde in like manner, it yields 
MeCH(NHAc)2 in^large prisms [169°], partly de- 
composed by distillation, and giving off aldehyde 
when treated with acids (Tawlld^^row^ B. 5, 477). 
With anisaldehyde the compound OuH^NsOt is 
iforn:);^d in nodular groups of needles [180S]» boI- 
uble in water, insoluble in alcohol and ethef} 
decomposed by HGl, not altered by boiling with 
potash (Sch^ter, Z. [2] 6, 681). With salicfiic 
aldehyde a yMlow neutrilf body is formed (Ctm- 
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oer, 80)« With chloral Acetamide unites 
dir^tly, forming the crystalline compound 
CyajNO.C^Cl,Or(t;. Chlo^).— lO. Heated with 

• oxy^hydro-aolliJline,* A yello^sh liquid 

(176^480®) fDanzoneri a. ^ioa, G, 14, 349). ^ 

Corftbinations, — Acetamide unites directly 
witjj the stronger a#ds. The hydrochloride 
^N;^Ao) 2HC1 is formed by passing gaseous HCl 
into its solution in ether-alcohol. Long needles 
(from alcohol); insol. in ether. — NHaAcHCl 
(Pinner a. Klein, B. 10, 189G).— The nitrate, 
NHjjAoHNO, [98°], separates from a solution 
at acetamide in strong HNO,. It is very acid, 
and is deliquescent. SI. sol. ether. Gives off 
COg, N^O and HNO3 when heated. 

Salts,-AcmiAg. Scales.— (AcNH),Hg. Six- 
sided prisms [195°]. Both formed by dissolving 
the oxides in acetamide.— (AcNH).Zn. Prom 
ZnEt^ and acetamide. Amorphous. (Frankland.) 

Chloro-acetamides. — The amides of the chloro- 
acetio acids are described under those acids. 
Aceto-chloro-amide NAcClH [110°] is fonnod 
by passing chlorine into fused acetamide, or by 
pouring aqueous HCl upon aceto-bromo-amide : 

2N AcBrH + HCl = NAcClH + NAcH, + Br., 
(Hofmann, B. 15, 410). Sol. ether. Split up 
by HCl into chlorine and acetamide. 

Bromo-acetamides v, Bbomo-acetio ACins. 

AcetO’bromo-amide 

NHBrAc [108°]. NHBrAc aq. [70°-80°]. 
Formed by adding aqueous KOIl to a solution of 
Br (1 mol.) in acetamide (1 mol.). Striated 
rectangular plates (from ether). 

Beactio7is.--l. Boiled with tcatcr it forms 
acetamide, Br, HBrO, methyl-acetyl-urca, and 
methylamine. — 2. Heated with Ag^CO, it forms 
methyl cyanate : 

• 2CH»CO.NHBr + AgXO, » 

2CH3NCO + 2AgBr + CO., + ft.,0. 

8. Boiled with KOHAq it forms HBr, CO„ and 
methylamine, the methyl cyanate formed ac- 
cording to the last reaction being decomposed 
in the usual way. — 4. Acetamide and NaOHAq 
form methyl-acetyl-uiflia. — 5. Aimnonia reacts 
violently, thus : 

SNAcHBr + SNH, » 3NAo^ + SNH^Br + N,,. 

6. Aniline forms acetanilide and tri-bromo- 
aniline.— 7. Phenol gives tri-bromo-phenol and 
acetamide (Hofmann, B. 15, 407). 

iSaWs.— NAcBrNa. Hair-like needles, ppd. 
byconc.NaOH. NAoBrNaBr.,nq. Made by adding 
cone. NaOH to a mixture of acetamide (1 mol.) 
and bromine (1 mol.). Bectangular plates. De- 
composed by water into NaBr and aceto-di- 
bromo-amidc. 

AcetO‘di-bromo-amide NAcBr., [100°]. 
Made by adding aqueous KOH to a dilute solution 
of bromine (Imol.)andbromo-acetamide (Imol.) 
(Hofmaim|a.l5,413). Golden needles or plates; 
Bol. warm water, alcohol, or ether. Boiled with 
water, it gives HBrO, NAcBrH, and NAoH,. ^ 
Potash decomposes it into nitrogen, acetic acid j 
and potassio hypobromite, H. W. j 

Bromo-chliro-acetamide v. Chlobo-bboho- 

AOBTIO ACp. 

^do-acetamide v, Iodo-acetio acip. ^ § 

► Fi-acetamide NA0..H. M.w. 180 [82°]T210°’ 
216°). 

./ Preparation * — 1. The ethereal solution of 
the crystalline oompOtind of aooAimide and di - 1 


acetamide got by heating aoet^ide in a current 
of HCl (v. Reaction 8), deposits, when gaseous 
HCl is passed though it, spicular crystals of 
acetamide hydrochloride, and the filtrate yields, 
by evaporation over HjSO,, crystals qidiaceta- 
mide. — 2. By heating acetonitrile with glacial 
HOAc, or acetamid^with AcjO at F50° (Gautier, 
Z* 1809, 127). — 3. boiling methyl-acetyl-urea 
with Ac^O (Hofmann, B, 14, 2731). 

Properties. — Long needles (from ether). 
Neutral. V. e. sol. water, v. sol. alcohol or ether. 
Does not combine with acids, so that HCl gives 
no pp. in an ethereal solution. 

Reactions. — 1. By boihiig with acids or by 
heating with ZnCL it is resolved into acetic acid 
and acetonitril.— 2. Fuming HNO, reacts, giving 
off N,0. H. W. 

Tri-acetamide NAc, [79°]. — Formed in small 
quantity when a mixture of acetic anhydride and 
acetonitrile is heated to 200°, and may be dis- 
solved out by ether after the excess of ACjO has 
been distilled off. White flexible needles [78°- 
79°]. Neutral. Gently warmed with silver oxide 
it yields silver acetate; so likewise do aceta- 
mide and diacetamido (Wichelhaus, B. 3, 847). 

H. W. 

Tri-acet-di-amide N.^AcgH, [212°-217°]. — 
This is the compound of acetamide and di-acet- 
amide mentioned under acetamide (Reaction 3) 
and di-acctamide (Preparation 1). 

Bi-azo-acetamide v. Azo compounds. 

Ethyl-acetamide v. Ethyl-amine. 

Methyl-acetamide v. Methyl-amine. 

Phenyl-acetamide v. Aniline. 

ACET-.— If compounds whose names begin 
with acet or aceio are not here described, remove 
this prefix and look for the remaining word, 
changing the termination ide,ii present, into ine* 

ACETAMIDINE C JI^N^ i.e. OH3.C(NH).N^ 
Acediamine, EthenyUainidine, AceHmid-amide 
(Strecker, A. 103, 328 ; Hofmann, B. 17, 1924). — 
The hydrochloride of this base is left as a residue 
when acetamido is distilled in a current of HCl 
(v. Acetamide, Reaction 3). The mass is extracted 
with alcohol, which leaves NH4CI behind. 

Properties. — When liberated from solutions 
of its salfii, it s|>lits up into ammonia add am- 
monic acetate. 

Salts. - B'HCl : prisms (from alcohnl), [165°], 
— (B'HCllaPtCl* : yellowish-red prisms. 

— B'jjH 3S04 : pearly laminie. 

Reactiotis.—l. The hydrochloride boiled with 
AcD and NaOAc for IJ hours forms anhydro- 
di-acetyl-acet-amidine and anhydro-di-acetyl- 
acet-amidil (Pinner, B. if, 173). — 2.#F. Acbto- 
ACE’iic ether, Reaction 25, 

Anhydro-di- acetyl -acetamidiue C,H,N,0 
[253°].— Prepared as just stated, the pre^uot 
being treated with imue^s NaOH and the pp. 
boiled >vith water, which dissolves the *4fl3udil,' 
but not the amidine. 


Silky needles (from alcohol). Insol. water, 
si. sol. cold alcohol, v. sol. hot alcoho^ v. e. sol 
dilute acids. Forms a platino-chlo^de. 

Anhydro-di-acetyl-acet-tynMil C»H,tN|02aq. 

\nh.co.ch 


[185^]. Obtained as above. Nodules of small 
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prisms. LobSs 2ag oysr HtSO^. SI. soL cold 
watsfi T. sol. hot wator, v, e. sol. alcohol and in 
dilute acids. Forms a platin&n salt. 

ACSTAMIOOXIM v, Ethxnyl-amxdoxiki. 

AC£3V^1IIIID£ V, Anilisib Acetyl denva- 
Hve. 

A03Sn0 AOn) OAO, CH^CO.OH or 
AoOH. — Methane carboxylic acidf Pyroligneous 
M.W. 60 [16-6°] (Zander). [17*5°] (Sonstadt, 
C. N. 87, 199). (118*29®) (Z.), (117*5®) (Schiff.). 
Critical tem^ature 321*6° (Pawlewsky, B. 16, 
2684). S.G. Solid, ( 1*0701 (Z.) ; « 1*0607 
(MendeUeff, J, 1860, 7). S.G. Lignid. 1*0576, 
V 1‘0543, 1*0503 (Pettersson, J, jpr. [2] 24, 

801) ; ^ 1*0496 (Briibl) ; at boiling-point *9325 
(Kamsay, 0. J, 35, 463). V.D. 29*7 at 250° and 
upwards. C.E. (0°-10°) *00106 (Z.). H.F.p. 
106,290. H.F.V. 104,130. S.H. (between 0° and 
100°) *497. Latent heat of fusion for 1 mol. (at 
1*6° to 4*2°) 2619. Pfi 1*3765. Rqo 20*69 (B.). 
M.M. 2*525 (Perkin). S.V. 64*3 (K.). 

Occurrence. — In the j uices of plants, especially 
of trees, and in certain animal secretions. 

Synthesis. — 1. From acetylene (i.e. from C 
and H) by converting that hydrocarbon into 
ethylene by direct addition of hydrogen, then 
the ethylene into alcohol, and oxidising the 
alcohol; or more simply by heating acetylene 
dichloride with aqueous potash at 230° or with 
alcoholic potash at 100' for ten hours: 

O^Cl^ + 3KHO == ajHaOjK + 2KC1 + H,0 
(Berthelot, Z. (2J 5, 683). — 2. When a mixture, 
1 vol. acetylene and 2 vols. air, is exposed to 
daylight over dilute potash-lye, the acetylene is 
slowly oxidised to acetic acid, which is absorbed 
by the alkali : C,,H, -i- 0 + KOH * C,H;,0,K (Ber- 
thelot, A. Ch, [4] 23, 212). — 3. From sodium- 
methyl anji carbonic acid : 

€H,Ka + CO,= CH 3 .CO,Na 
(Wanklyn, A. Ill, 234),— 4. By boiling aceto- 
nitrile (methyl cyanide) with potash : 

CHjCN + KOH + H,0 = CH,CO,K + NH, 
(Frankland a. Kolbe, A, 65, 298),— 6. By passing 
CO over sodium methylate at 160° : 

CH,ONa f CO = CH^CO^Na . 
(Prahlioh, A. 202, 294). 

Form(\^i(m.-~l. By dry distillation of organic 
bodies, especially wood, — 2. By the action of 
atmospheric oxygen, chromic acid, nitric acid, 
bypochlorous acid, and other oxidisers, on al- 
cohols and other organic bodies, especially under 
the inflaence of ferments which act as carriers 
of oxygen.-^S. By th^ action of KOH or NaOH 
at a high temperature on various organic bodies, 
e.g. tartaric, citric, and malic acids, sugar, alco- 
hol, Ac. — 4. In various processes of fermentation 
and putrefaction (J. 18>d, lgl7, 1019, 1023). 

Preparation. — 1. By oxidation of ethyl al- 
cohol, the alcohol being first converted into 
aldehyde: C*HaO + O^HoO + CjIIjO, and the 
aldehyde then oxidised to acetic acid. The oxi- 
dation maV 8e effected ; 

a. By the infiuici^^e of spongy platinum. If 
a tray containing this sub^ance be placed over 
a diw containing a little alcohol, the whole 
being covered with a beU-glass open belov^as 
weU as at the to^, on gently warming the msh 
the alcohol will be rapidly oxidised, acetic /toid 
dondensing in abundance on the inside of the 


jar, Mnoh of the albohol is, howey^, eonverte< 
into aldehyde and lost by yolf;^sation. 

h. Under the infiuenoe of ferments. This ii 
the ordins^ process of mamg vinegar fron 
^eoholic h^mds, wine being gensrally^used fo: 
the purpose in Francftand Germany^and malt it 
England. The most favourable temperfrture ii 
25®>80°. The experimeDjts of Pasteur h^v< 
shown that the oxidation of alcohol in the ordi 
nary process of vinegar-making depends essen 
tially on the presence of a fungoid plant callec 
Mycoderma vini, Mycodemia acetic or * mother 
of -vinegar,* and is invariably preceded by its 
development on the surface of the liquid, H 
appears to act like platinum-black, as a oarriei 
of oxygen. The plant may be sown on the sur 
face of the liquid by introducing a small portion 
of it from another vinous liquid already in the 
fermenting state, or by simply exposing the 
liquid to the air in which the germs of this 
fungus, as of many others, aro always floating. 
Like all other plants, it requires food for its de- 
velopment, and this it finds in the nlbuminoua 
matter and mineral salts contained in ordinary 
vinous liquors. If these are absent the plant 
cannot grow, and acetification cannot take place. 
Thus, pure aqueous alcohol may be exposed to 
the air for any length of time without turning 
acid, because the germs of the mycoderma which 
fall into it from the air remain barren for want 
of nutriment. Moreover, pure aqueous alcohol 
may be acetified without the aid of any albu- 
rainous matter, provided the mycoderma have 
access to it, and be supplied with the nitrogen 
and saline matters necessary for its growth. 
Pasteur has in fact shown that this nutriment 
may be supplied in the fonn of alkaline and 
earthy phosphates and ammonium phosphate, 
_ the hitter furnishing the nitrogen, Under the^e 
circumstances the mycoderm grows, though loss 
quickly than in ordinary vinous liquids, and the 
alcohol is slowly converted into acetic acid. If 
the mycoderma be allowed to remain in the liquid 
after the acetification is complete, the whole of 
the acetic acid may bo dfctroyed and the liquid 
rendered perfectly neutral. (Pasteur, Atudes sur 
le Vinaigre, Paris, 1868 ; also A nnalcs Scienti- 
fiqnes de VA)cole jwrmale s^ip^ricure^ tome i, 
1864 ; Bl 1861, p. 94 ; J. 1801, 726.) 

Malt Vinegar is prepared from a fer- 
mented wort obtained by mashing malt, or a 
mixture of malt and raw barley, with water, a» 
in brewing. 

Quick 7inc<7ar Process.— The oxidation of the 
alcoholic liquor may be greatly accelerated by 
allowing it to trickle down in a fine shower over 
chips of wood covered by the mycoderma, and 
exposed to an upward current of air. 

Wood Vinegar— Pyroligneous Acid, — Th^ 
greater part of the acetic acid now uM in arts 
and manufactures is obtained by the destructive 
distillation of wood. The wood is heated in large 
iron cylinders conziccted with a series of con- 
densers. The watery liquid which condenses in 
the receivers, consisting of watef) tar, methyl 
alcohol or wood- spirit, methyl acetate and acetio 
a^id, is redistilled after separation of Ihe^j^, 
tne wood-spirit jpassing over among the nrst 

S ortions of the distillate and the acetic or pyro- 
gneous acid afterwards. The acid thas ob^ 
tained is coloui^ and has a strong tarry flayoorg 





M rimdfat>le hr distiUatioii. To porify it, 
the etiide liqaor ii^eaturated with limei which 
iremovee part of tHi tarrj matter, the rest re- 
maining an solution with the calcium acetate. 
Themquid.clariped bf repose or by fiSration, is 
evaporate^intan iron pot ^ half its bulk, andll 
zimdwitb enough hydrochloric acid to give a 
slight acid reaction, wij^reupon the greater part 
of the tarry matter separates, and may be skimmed 
oflt the surface. The hydrochloric acid also de- 
eomposes certain compounds of lime with creo- 
sote and other volatile substances, which may 
then be expelled by heat. The calcium acetate 
thus purified is completely dried and distilled 
with hydrochloric acid. The density of the 
acetic acid thus obtained is about 1-00. If it 
contains hydrochloric acid it may be purified by 
redistillation with addition of a small quantity 
of sodium carbonate, or, better, 2 or fi-p.c. potas- 
sium dichromate, this latter at the same time 
destroying certain organic impurities which give 
the acid a peculiar odour (Volckel, A. 82. 49). 
Crude wood vinegar contains small quantities of 
propionic, n-butyrio, n-valeric, and two crotonic 
acids (Grodzki a. Kramer, B. 11, 1366). 

Crystallisable or Glacial Acetic Acid 
— the pure acid, C^O^, so-called because it 
crystallises at ordinary temperatures — is ob- 
tained : 1. From the ordinary aqueous acid by 
fractional distillation, repeated till the residue 
solidifies on cooling. 2. By distilling certain 
dry metallic acetates with strong sulphuric acid 
or with hydrogen potassium sulphate, 

2C,H,K02 + ILSO^ = K,S04 + 2C,H A ; 

and G.jHyKOj( + HKSO, = KjSO, + G2H4O2. 

8. Together with acetone and other products, 
by dry distillation of cupric acetate {Sinritus 
^ruginia or Sp. Vaicris), 

•Physical Pr^cr/ics.~The solid acid forms 
prismatic or taoular crystals. Thodiiquid acid 
is transparent, colourless, and mobile. Vapour- 
density at 250° and upwards is 2*08 (air = 1) or 
29*7 (H = 1), which is nearly half the molecular 
weight of the acid, showing that at these high 
temperatures the vapotr exhibits the normal 
condensation. But at temperatures nearer to 
the boiling-point the density of the vapour is 
much greater, showing a coudensatiou to i! vol. 
or even less (Cahours, C. li. 19, 771 ; 20^^ 51). 
The pressure of the vapour of solid acetic acid 
is 1*3 mm. at -6*7°, 2-0 mm. at 0°, and 9'6 mm. 
at 16*4°; the vapour-pressure of liquid acetic 
acid being 3-2 mm. at 0°, G-3 mm. at 10°, li-8 
mm. at 20°, 19-9 mm. at 30° (Karasay a. Young. 
O..I.47,46). ' 

Glacial acetic acid has a pungent sour taste 
and odour and blisters the skin. It does not 
redden litmus paper per sc, but reddens it 
strongly when mixed with water. It does not 
attack CaCfi, until water is added. It is hygro- 
scopic. 9 ^ 

Aqueous .do id.— 'Acetic acid mixes with 
water in all proportions. IJJie density of the 
aqueous acid does not vary in proportion to the 
amount of re^ acid present ; and consequently 
the strength w any sample cannot be inferred 
from its density, but must be determined by 
^itrafon with standard alkali. The foUtwinf 
table has been constructed in this manner by 
^ tsmperatures 0°, 


Density of Aqueous Acetic Acid (Oudemans). 
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j atiC*’ 

0 

,»9999 

^ 0*9992 

• 0-9924 

1 

1*0016 

^ 1*0007 

0*9939 

2 

1*0033 

1*0022 

0*9949 

3 

1*0051 

1*0037 

0*9960 

4 

1*0069 

1*0062 

0*9972 

5 

1*0088 

1*0067 

0-9984 

6 

1.0106 

1*0083 

0*9996 

7 

1*0124 

1*0098 

1*0008 

8 

1*0142 

1*0113 

1*0020 

9 

1*0159 

1*0127 

1*0032 

10 

1*0176 

1*0142 

1*0044 

11 

1*0194 

1-0157 

1*0056 

12 

1*0211 

1-0171 

1*0067 

13 

1*0228 

1*0185 

10079 

14 

1*0245 

10200 

1-0090 

16 

1*0262 

1*0214 

1*0101 

16 

1*0279 

1*0228 

1*0112 

17 

1*0295 

1*0242 

1*0123 

18 

1*0311 

1*0256 

1*0134 

19 

1*0327 

1*0270 

1*0144 

20 

1*0343 

1*0284 

1*0155 

21 

1*0359 

1*0298 

1-0166 

22 

1*0374 

1*0311 

1*0176 

23 

1*0390 

1*0324 

1-0187 

24 

1*0405 

1*0337 

l -019 r 

26 

1*0420 

1*0360 

1-0207 

26 

1*0435 

1*0363 

1*0217 

27 

1*0460 

1*0375 

1*0227 

28 

1*0465 

1*0388 

1*0236- 

29 

1*0179 

1*0400 

1*0246 

30 

1*0493 

1*0412 

1*0255 

31 

1*0507 

1*0424 

1*0264 
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1*0520 

1*0436 

1*0274 

33 

1*0534 

1*0447 

1*0283 

34 

1*0547 

1*0469 

1*0291 

35 

1*0560 

1*0470 

1*0306 

36 

1*0573 

1*0481 

1*0306 

37 

1*0585 

1*0492 

1*0316 

38 

1*0598 

1*0502 

1*0324 

39 

1*0610 

1*0513 

1*0332* 

40 

♦ 1*0622 

1*0523 

1*0346 

41 

106^4 

1*0533 

1-0348 

42 

1*0646 

1*0543 

1^355 

43 

1*0657 

1*0552 

1*0363 

44 

1*0668 

1*0562 

1*0370 

45 

1*0679 

1*0571 

1-0377 

46 

1*0690 

1*0680 

1*0384 

47 

1*0700 

1*0589 

1*0391 

48 

1*0710 

1*«698 

1*0397 

19 

1*0720 

1*0607 

1*0404 

50 

1*0730 

1*0616 

1*0410 

61 

1*0710 

1*0623 

10416 

62 

1*0749 , 

f 0631 

1*0423 

53 

10768 

1-0638 

1-6 K 9 

64 

1*0767 

1*0646 

1*0434 

55 

1*0775 

1*0653 

1*0440 

56 

1*0783 

1*0660 

1*0445 

67 

1*0791 

1*0666 

• f 046 O 

68 

1*0798 

l *0 tf % 

1-0456 

69 

1*0806 

, 1*0679 

1-0460 

60 

1*0813 

1*0820 

' 1*0685 
1*0691 

1*0464 

1*0468 

62 

1*0826 

l - 0fa%r 

1-0472 

63 

1-0832 

1*0702 

• 1-0475 
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Density 


p, «. 

. at Qo 


at40» 

64 ' 

i-0838 

1-0707 

1-0479 

55 

«1*0846 

1*0712 

» 1-0482 

86 

1-0851 

f0717 

1-0485 

67 

1-0856 

1-0721 

1-0488 

68 

1-08G1 

1-0725 

1-0491 

69 

1-0866 

1-0729 

1-0493 

70 

1-0871 

1-0733 

10495 

71 

1-0876 

1-0737 

1-0497 

72 

1-0879 

1-0740 

1-0498 

73 

1-0883 

1-0742 

1-0499 

74 

1-0886 

1-0744 

1-0500 

76 

1-0888 

1-0746 

1-0501 

76 

1-0891 

1-0747 

1-0501 

77 

1-0893 

1-0748 

1-0501 

78 

1-0894 

1-0748 

1-0500 

79 

1-0896 

1-0748 

1-0499 

80 

1-0897 

1-0748 

1-0497 

81 

1-0897 

1-0747 

1-0495 

82 

1-0897 

1-0746 

1.0492 

83 

1-0896 

1-0744 

1*0469 

84 

1-0894 

1-0742 

1*0485 

86 

1.0892 

1-0739 

1-0481 

86 

1-0889 

1-0736 

1-0475 

87 

1-0885 

1-0731 

1-0469 

88 

1-0881 

1-0726 

1-0162 

89 

1-0876 

1-0720 

1*0155 

90 

1-0871 

1*0713 

1-0447 

91 

— 

1-0705 

1-0438 

92 

— 

1-0696 

1*0428 

93 

— 

1-0686 

1-0416 

94 

— 

1-0074 

10403 

96 


1-OOGO 

1-0388 

96 

— 

1-0644 

1*0370 

97 

— 

1-0625 

1-0350 

98 

— 

1-0604 

1-0327 ' 

99 

— 

1-0580 

1-0301 

100 

— 

10553 

1-0273 


The maximum density corresponds at 0® to 
about 81 p.c., and at 40^ to about 76 p.c. Ortho- 
acetic acid, OH3C(OH)j, would contain 77 p.c. of 
fiOibs. « 

Reactions, — 1. Vapour intlummable, burning 
with blj^e flame to water and COj.— 2. Partly 
decomposed by passing through a red-hot tube 
yielding carbon and combu.stible gases, together 
with acetone, benzene, phenol, and naphthalene 

K elot, A,Ch. [3] 33, 225).— 3. Dropped upon 
iCla it ipves CO, COj, C^H^, CjH,,, isobu- 
tylene, wd a little 0^4 (Lebel a. Greene, Am. 2, 

26).--4. Passed over zinc dust at 300^-350'* it 
gives hydrogen, acetone, CO, and some propylene 
(Jahn, M, 1, 683). — 5. Mixes with strong sul- 
phuric acid without devolution of gas, but the 
mixture becomes hot, a^d if further heated 
gives off CO^ mixed with SOj. Dissolves SO, 
without giving off gas, forming sulpho-acetic 
acid. Not sensibly altered by nitric acid.^Q, 

Piriodi§a€id converts it into carbonic or formic 
acid, with forma|,inn of iodic acid and separation 

d iodine.— 7. mtn chlorine in sunshine it forms 

mono- and tri-chloro-a&etic acids (g. o.), the [ acetone and carbonate, e.g. : 
one or the other predominating according as^ 
the acetic acid*ort^the chlorine is in excoOT.— 8. 

Heated wj^ bromine in a scaled tube it forms 
mono- an Ai-bromo-acetic acids. Not acted upon 


by iodinct even in Bnn8hine.^-9. With P04 it 
forms AoOl, HOI, and POG^With POl, it reacts 
thus : dAcOH + 2PC1, « SAftll + P,0, + 8H01.— 
10. With RS, theprod^ucts arethio-acetic acid and 
phosphofe oxide: 6AcOHa;P*Sj|^»PaO, + 5AcSH. 
ill. With chromyl^ichloride CrQaC^a it forms 
the compound Cr,0,(CjjH,Oa)jo8HaO (Btard, A, 
Ch, [6] 22, 286). ^ 

Detection , — The solution supposed to ccSitain 
acetic acid or an acetate is acidified with 
H2SO4 and distilled. The distillate, if acid, is 
neutralised with KOH and should then give the 
following tests : (1) Fed, a brown-red colour, 
and a pp. on boiling. (2) AgNO, a white floccu- 
lent pp., sol. hot water, separating in spangles 
when the solution cools. (3) Evaporate to dry- 
ness, mix with ASaO, and heat: a disgusting 
odour of cacodyl is perceived. 

Acetic Acid Dibromide CaH40a.Bra [37°] is 
formed on treating acetic acid with bromine in 
presence of a small quantity of carbon bisulphide. 
Orange-red needles or thick roseate prisma, very 
deliquescent ; dissolving in water with great fall 
of temperature and separation of bromine, in 
alcohol, benzene, and glacial acetic acid with 
partial formation of substitution-products. At 
100^ dissociation first takes place, but finally 
HBr and C JI.,BrO.^ are formed. 

Compounds of acetic acid with Br and HBr. 
On adding bromine to well-cooled glacial acetic 
acid saturated with HBr, the whole solidifies to 
a mass of thick, rather large, tabular, crystals, 
which wheri dried have the composition 
(CoH^O.,,) Dr-^HBr ; they fume in the air, molt 
and decompose at +8°, and are decomposed by 
water and by potash -lye, yielding (CuH,05f)ji.Br, 
and KBrOj*. Heated in a sealed tube, they 
yield bromacetic acid (Steiner, B, 1874, 184). 
The compound (0.H40,.).^Brj,.HBr has tlso 
been prepbred by Hell a. Muhmiiuser {B, 1878, 
241), who by using larger quantities of bromine 
have further obtained (C2H40j4Brg(BrH)2 in 
radiate groups of hard roseate crystals, which 
may be dried in tho lime exsiccator. 

Acetates , — Acetic locid is monobasic, the 
general formula of its normal salts being : 

B‘"'(CH3.COO)„-.= R("^A'n 
the symbol denoting an ?i-valent radicle 
metallic or alkylic, and h! standing for 

METALLIC ACETATES,— Tho nor- 
mal acetates all dissolve in w'ator, and most 
of them readily. Tho least soluble are the silver 
and mercury oalls, so that solutions of other 
acetates added to mercurous nitrate or silver 
nitrate throw down white shining scales of mer- 
curous or silver acetate. But for the most part 
acetates are formed not by precipitation, but by 
the action of acetic acid on metallic oxides or 
carbonates ; many carbonates, however, those of 
barium and calcium for example, ai^ not decom- 
posed by acetic acid in its most c^centrated 
state. All acetates are decomposed by heat, most 
of them yielding carbon dioxide, acetone and an 
empyroumatio oil. Those which are easily de- 
composed, and likewise contain bases forming 
stable carbonates, are almost wholly resolved into 


0 Ba(O.CO.Me)2-COMG2+BaCO,.«5 4, 
Those which, like the potassium and sodium 
salts, require a higher temperature to decompose 
them, yield K|pre comply prod acts, but always a 





pertftin quantity of aodtone. Amongthe prodaots 
are found methyl efiyl ketone and methyl propyl 
ketone, together with dumasin OaH,,0 (Fittig, 
An 110, 17). Acetates oontainingweake^bases give 
off part otthe aoetic%oid undeoomposed, the re» 
maining pozffon being resoHed into acetone ana 
carbonic anhydride, or if the heat be strong, yield- 
ing ^mpyrenmatic oil dbd charcoal : the residue 
consists sometimes of oxide, sometimes, as in the 
case of copper and silver, of reduced metal ; in this 
case part of the acetic acid is burnt by the oxygen 
abstracted from the metal. The decomposition 
of silver acetate may be expressed by the equa- 
tion : 

4CH,.C02Ag - 3CH,.CO,H + CO., + C + 4 Ag 
(Iwig a. Hecht, B. 19, 238). Acetates heated 
with a large excess of fixed caustic alkali, are 
resolved at a temperature below redness into 
marsh gas and alkaline carbonate, e.g . : 

KC,H,0., + KOH = KfiO, + CH,. 

Acetates distilled with sulphuric acid and alco- 
hol ^eld ethyl acetate. The acetates of the 
alkali-metals, and probably others also, treated 
with phosphorus oxychloride, yield acetyl chlo- 
ride, together with a tribasic phosphate : 

3NaOAo + POClj = 3 AcCl + Na.,PO,. 

Many acetates may bo decomposed by water 
into acetic acid and metallic oxide. This de- 
composition in the case of aluminic and ferric 
acetates occurs at 100'^, while at 175° the acetates 
of Mn, Co, Ni, Zn, Ur, Cu, and Ag, as well as 
ferrous and mercuric acetates, are slowly de- 
composed (Riban, C. It. 93, 1140). 

Alaminiam Acetates.— The normal salt AlA', 
exists only in solution, being decomposed on 
evaporation. The solution, which is much used 
as a mordant in dyeing and calico-printing, and 
is called ‘ red liquor ’ because it yields madder 
rets and pink% may be formed by dissolving 
freshly precipitated aluminium hydroxide in 
strong acetic acid, or by precipitating a solution 
of normal aluminium sulphate with lead acetate: 

Al,(SO,), + BPbA', = 3PbSO, + Al,A',. 

When quickly evaporated at a low temperature, 
by spreading it out in*thin layers on glass or 
porcelain, it leaves a soluble basic acetate : 

A1.A-2CA0,.4H.,0 or Al.,0(Ac0)*.4H.,0, 
forming a gummy mass perfectly soluble in 
water ; but, if heated, or left to evaporate at ord. 
temp., it deposits insoluble basio salts, containing 
in the first case two, and in the second five mo- 
lecules of water, instead of four. The soluble 
acetate exposed in dilute solution to tlie tempera- 
ture of boiling water for several days, undergoes 
a remarkable change, the whole or nearly the 
wnole of the acid being expelled and a peculiar 
modification of alumina remaining dissolved {v. 
Aluminium) (Walter Crum, C. J. 6 , 216). A 
dilate solution of aluminic acetate, free from 
alkali, mw^be boiled without a pp. being formed 
(Beinitzer, M, 3, 259). 

Ammoniam Acetates. — The normal saltNH^A' 
.[89°3, obtained by saturating iglacial acetic acid 
with dry ammonia-gas, is white, odourless, ex- 
tremely Bolub]^, and difficult to crystallise, its 
aqueous solution when evaporated giving oil 
ammonia and leaving the acid salt (Berlhelo^ 

fS, 440 ; Smit, BL 24, 639 ; BahrmannTtT.pr. 

27, 296). When distilled with phosphoric 
aihydride it loses 2 mol. water, and gives off 
acetonitrile 2 H 4 O. The 


aqueous solution known hi the Pharmacopoeia as 
Spirittis MMereri is prepared by saturating 
aqueous acetic acid with ammonia or ammonium 
carbonate. The acid (145°) is ob- 

tained as a crystalline sublimate with e^^Iution of 
ammonia b^ heating powdered ami^mum chlo- 
ride with potassium calcium acetate (t?. Aosr- 
^iide). When commercial ammonium acetate 
is dissolved in its own weight of glacial acetic 
acid, an acid salt is obtained in long needles, 
having the composition 2NH.A'3HA' (Berthelot, 
Bl. 24, 107). 

Barium Acetate BaA'.^aq, prepared by de- 
composing the carbonate or sulphide with acetic 
acid, is obtained, on evaporating the solution at 
a gentle heat, in flattened prisms ; and on cool- 
ing to 0°, in monoclinic prisms, BaA'.^3aq. The 
crystals dried at 100° yield the anhydrous salt 
as a white powder, resolved at a high temperature 
into barium carbonate and acetone. S.G. (of 
BaAUq) 2-02; (of BaA'.,) 2*47 (Schroder). V. e. 
sol. water, insol. alcohol. 

Acid Salts. — BaA'-> IIA'2aq. — Ba A',^2HA'2aq. 
(Villiers, Bl. 30, 177 ; C. R. 85, 1231). 

Double Salt. — ^BaA'(N 03 ) 4 aq (Lucius, A. 103, 
113). 

Bismuth Acetate separates in micaceous 
lamina from a warm mixture of bismuth nitrate 
and potassium acetate. Acetic acid mixed with 
a solution of bismuth nitrate prevents the pre- 
cipitation of that salt by water. 

Cadmium Acetate CdA'.,3aq. — Monoclinio 
prisms. V. e. sol. water, deliquescent and diffi- 
cult to crystallise (Hauer, Sitz, B. 16, 131). S.G. 
2-01 (dry, 2-31, Schroder). 

Calcium Acetate CaA^-q. Small efflorescent 
needles. V. sol. water, si. sol. alcohol, S.G. of 
aqueous solutions of CaA', at 17*5° (Franz, /.pr. 
.[2J 5, 298): 
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Calcio acetate splits up on distillation into 
CaCOj and acetone. 

Acid salt CaA'^HA'l^aq. Hygroscopic. 

Double salt CaA'^CaCl^lOaq. Monoclinio 
prisms, permanent in air. 

Cerous Acetate CejA^^Saq fom^ radiate 
groups of small needles, which become anhydrous 
in dry air without losing their crystalline form ; 
after drying at 115° they carbonise at a higher 
temperature withouf^usAg, and when strongly 
heated leave a residue of cerous oxide fCiftrge, 
J.pr. 82, 129). 

Chromium Acetates. — The chromoua saltt 
CrA'.jaq, obtained from the chloride ^ decom- 
position with potassium or sodium afierate, forms 
red transparent crystals wlyoh when moist ab- 
sorb oxygen very rapidly from the air, sometimes 
taking fire (Peligot, A. Gh. [3] 12, 641). — Nor- 
mal^Chromic Acetate Gr^A'^aq is obtained by 
evaporating a solution ol oh%ihio hydroxide in 
acetic acid, as a green crystalline m«s, insoluble 
in alcohol. Its aqueous solution, green by 
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fleoted, red by traBBmUted Ugbt, le not decomo 
posed either by boiling or addition of lime- 
. water; bat ammonia thro A do^m from it a 
green precipitate of chromic hydroxide, soluble 
in excesfl^^H. Bchiff, A, Oh. [8] 71, 140; Sohiitz- 
! enberger, ijL[2] 4, 66). Theeolatic^ of the nor- 
mal acetate heated for several days itith excess 
of chromic hydroxide loses its acid reaction, and 
yields by evaporation a green powder soluble in 
water, consisting ofabasicacetate Cr A' 

Sohiff, 124, 108). 

Chrmtic Diacetotetrachloride, CrjA'aCl^ is 
obtained by dissolving Cr 20 Cl 4 in strong 
acetic acid. It is an unstable salt, which gives 
off acetic acid when heated above 100*^. The 
cliloi^e is but very slowly precipitated from it 
by silver nitrate at ordinary temperatures, but, 
on the other hand, the salt easily yields acetic 
ether when heated with sulphuric acid and 
alcohol (Schiff). — Chromic DUiceto-sulphate 
CrjA'^(SOj 2 , obtained by dissolving chromic 
disdphate in acetic acid, is a crystalline salt 
which becomes anhydrous at 100^, and gives off 
acetic acid at a higher temperature (Schiff). — 
Chromic Pmtaceio-nitrate CroA'^^NOadaq is ob- 
tained by mixing a solution of chromic hydroxide 
in a slight excess of acetic acid with a solution 
of the same quantity of chromic hydroxide in 
the exact quantity of nitric acid required to 
dissolve it. The concentrated solution, when 
left to itself, deposits an abundant crystallisation 
of a dark green salt, which may be purified by 
recrystallisation from water or from glacial acetic 
acid. It forms dark green bulky lamime, which 
give off nitrous fumes at 100°, the chromium 
being at the same time converted into trioxide. 
(Schutzenberger). 

Cobalt Acetate CoA^4aq. — Bed needles. 
Copper Acetates. — The ciqmous salt Cu^A'^* 
Bublimes towards the end of the distillation of 
normal cupric acetate. According to Berzelius, 
it is contained in green verdigris and sublimes 
CD distillation. Soft loose white flukes which 
redden htmus and have a caustic astringent 
taste. Decomposed by water, yielding normal 
ouprit acetate and cuprous oxide. ^ 

The normal cupric salt CnA'-^aq is prepared 
by dissolving cupric oxide or common verdigris 
in hot aAtic acid, or by dexjomposing noimal lead 
acet^e with cupric sulphate. Dark-green mo- 
Doclinic crystals (S.G. 1*9), efllorescent, soluble 
in 14 pts. cold and 6 pts. boiling water, sparingly 1 
also in alcohol, insoluble in ether. The solution 
boiled wijh grape-sugar yields a rod precipitate 
of cuprous oxide- Cupric acetate crj'staliised at 
a temperature near 8° yields crystals contain- 
ing CuA'^SH^O. A solution of cupric acetate 
heated in a sealed tub^at 200° forms crystallised 
ouprags oxide and cupric ^lycollate (Caseneuve, 
C. ii. 89, 625). 

Acid Cupric Acetate CuA',HA'aq (Vil- 
liers, a if. 85, 1234). 

BashosCupric Acetates. — These salts 
nm be regarded^acompounds of the normal salt 
witn CttO, as compounds of Ac^O with CuO, or, 
by taking account of waflr of crystallisation, as 
Itoeto-hydratea, e.g, : 

Besquitasiof #u0.2CuAV6aq» ^ 
ftCuO-l^oACAq « 2CuA'(OH).CuAV6aq. 
Dibasic : CuO.CuA t6Aq 2CttO.A0aO.6aq » 
2(HO.Ctt436aq. 


IMbasio: 2CttO.CuA^a2ad 8 CqO 
-.2(HO.CuA9qtt(OH)a. ^ ^ 

They are contained in common verdigris 
{vert-de-gi$s)f a substance obtained by exposing 
gilates ox copper to ^ air in coiftimt with acetic 
acid, and much usea as a pigment and as a 
mordant in dyeing wool black:. There are two 
varieties of this substance, the blue and» the 
green, the former consisting almost wholly of 
dibasic cupric acetate, the latter of the sesqui- 
basic salt mixed with smaller quantities of the 
dibasic and tribasic acetates. The dibasic salt 
or blue verdigris is prepared at Montpellier and 
in other parts of the south of France, by ex- 
posing copper to the air in contact with fer* 
menting winc-lees. The same compound is ob- 
tained by exposing copper plates to damp air 
in contact with normal cupric acetate made into 
a paste with water. It forms delicate, silky, blue 
crystalline needles and scales, which yield a 
beautiful blue powder. They contain 6 mol. 
water, which they give off at 60°, and are then 
converted into a green mixture of the monobasic 
and tribasic salt. 

Orcen Verdigris is manufactured at Grenoble 
by frequently sprinkling copper plates with vine- 
gar in a warm room; and in Sweden by dis- 
posing copperplates in alternate layers with flan- 
nels soaked in vinegar. 

Calcio-cupric Acetate CaA'jOuA'^Saq, obtained 
by heating a mixture of 1 mol. CuA'^ and 1 mol. 
Ca(OH )2 with 8 pts. water and sutUciont acetic 
acid to dissolve the precipitated CuO, and evapo- 
rating the filtrate at 25°-27°, crystallises in large 
blue square prisms, slightly efflorescent, giving 
off acetic acid and falling to powder at 75°; 
readily soluble in water. Another calcio-ouprio 
acetate often exists in crystallised verdigris, ^ 

Cupric § Aceto-arsenite CuA'4Cu(AsOa)a. — 
Schwchifurt grcc7i, Imperial green, Mitis green^ 
and when mixed with gypsum or heavy spar, 
Ni'uwcider green, Mountain green. Used as a 
pigment, and prepared on the large scale by 
mixing arsenious acid yith cupric acetate and 
water. 6 pts. of verdigris are made up to a thin 
paste, and added to a boiling solution of 4 pts. 
or rather more of arsenious acid in 60 pts. 
of water. The boiling must be well kept up, 
otherwise the precipitate assumes a yellow-green 
colour, from formation of copper arsenite; in 
that case acetic acid must be added, and the 
boiling continued a few minutes longer. The 
precipitate then becomes crystalline, and ac- 
quires the fine green colour peculiar to the aceto- 
arsenite. The salt is insoluble in water, and 
when boiled with water for a considerable time, 
becomes brownish and gives up acetic acid. 
Acids abstract the whole of the copper, and 
aqueous alkalis first separate blu^ cupric hy- 
droxide, which when boiled with rot liquid is 


converted into cuprous oxide, an alkaline arsenate 
being foL*mod at the same time. 

Bidymium Acitate DiA',4aq. S.G. 1*882. 
S.V.S. 207*8.- DiA'.aq. Bed needles. S.G* 
2*237. S.V.S. 160-6 (Cldve, Bf.pJ 43, 366). 

Erbium Acetate EbA',4aq. — Isomorphotta 
^Ithlflidymium acetate (Thomsen, B. 6. 7|2). 

Iron Acetates.— ifsrrotis acetate FeA^,4a^, 
obtained by dissolving iron or ferrous sulplMe 
in strong aoc^o acid, separates on oonoentratJon 
in small colocB:leas silky Vodles^ which diaaolta 
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nan^Ut vatft and aolddy absorb ozygMi from 
tne aw* I 

F4ftic Ac^U i» not jmdwii in the solid state 
M a salt of constant composition. The dark 
red splutioi ferric •hydroxide in acetic acid 

contaii#a basic salt. The 
foUowmfiT haaia ferric acetatea have been dis- 
JPe^AVOH)# obtained by dissolving 
at 50° the ferric hydroxide from 1 pt. Fe in 10 
pts. acetic acid of 80 p,o. and evaporating at 
70 . Amorphous, soluble in alcohol and water 
(Ondemans,/. 1858, p. 282).~Fe^',(OH).„ pro- 
bably contained in the red solution formed on 
Seating Fe.^',(OH)Cl2 {infra) with silver oxide. 

Becomes syrupy in a vacuum but does not 
crystallise ; decomposes quickly at ord. temp., 
forming an ochreous jelly (Scheurer-Kestner).— 
Fe,A',(OH),2Fe,9, is the ochreous deposit 
formed m a solution of ferrous acetate exposed 
to the air. Other basic salts appear to bo formed 
in the decomposition of the normal salt by heat 
or otherwise. A solution of ferric acetate, quite 
free from other salts, is not ppd. by boiling 
(Beinitzer, M. 3, 257). ^ 

Acetonitratea (Kestner, A, Ch. [3] 63, 422: 

68, 472 ; J. 1861, 307). — Formed by mi xing so- 
lutions of ferric nitrate and acetate in various 
proportions, or by dissolving ferric hydroxide in 
various mixtures of acetic and nitric acids. 

Mostly very unstable, decomposed by boiling 
svith wator.-PeA',(OH),N03 forms deep red flat- 
tened prisms, very soluble in water and in alco- 
^ol,insol.in ether. — FeA'^(0H)N034aq forms red- 
jrown rhombic prisms, sol. in water and alcohol, 
iocomposing on alight rise in temperature. The 
lif i>rmi-diaccto-nitrat6 (COH) « (OAc) ^ (NO, >2 

s very soluble in water and alcohol, insol. in 
ith|r, very unstable. 

^ Acetochloridem — FeoA'3Cl2(OH)3aq is ob- 
tained on cautiously adding nitric ^cid to a 
solution of FeClj in acetic acid at 80°; also when 
ferric hydroxide (1 mol.), acetic acid (1 mol.), 
and hydrochloric acid (1 mol.) are digested 
together at 40° for two or three days. Very hard 
crystals, black by reflected, red by transmitted 
light, very soluble in water. With silver oxide 
they yield ferric triacetate (K. ; Scliiff, A. Ch. 

[3j 60, 136). — Fe^A'iCh, obtained by dissolving 
1 mol. ferric hydroxide in a mixture of HCl (2 
mol.) and (4 mols,), or by oxidising ferrous 

chloride dissolved in very strong acetic acid 
with nitric acid. Yellowish-red crystals, sol. in 
water and in alcohol, easily resolved into acetic 
acid and Fe2A',(OH)Cl2. Heated at 50° for 
twelve hours with silver nitrate, it is converted 
into ferric tetraceto-dmitrate: 

Fe^A'.Cl, -f 2AgN03 =* 2AgCl + Fe2.VdN03)... 

^ttthanum Acetate LaA'alkq. — Small 
needles (Cfove, Bl [2J 21, 196). 

Lead Ai^tes, or Plumbic Acetatea. — The 
awrvMtl fiaZf ^bA'gSaq, Sugar of lead^ Sel sac- 
charum Satunii, [75’^] S.G. 2-6. -Prepared by 
oxide or carbonate in acetic acid 
(Wiohmann, JT. 1863, 738). 

^ijjerto.'-^onoclinio efflorescent crystals, 
easily «oluble in water and in spirit of ordinary 
BtrengA, insoluble in cold absolute alcohol, fpm- 
» dehydrated by prolonged boiling with ab- 
.e alcohol* An aqueous solution saturated at 


of the Aqueoua Solution at 14*. 
(Oudemans, 7, 419 ; J. 1868, 29.) 


Cb7Bt.Saltp.o. 

Density 

Cryst.Saltp.c. 

Density 

1 

« l'0O57 

20 

ylL-1399 

6 

10317 » 

25 

1*1808 

10 

1*0659 

30 

1*2248 

15 

1*1018 

83 

1*2525 
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l6°bQntains887-a23g.BaltinaUtre,andhasaden- 
a?Kraft. ^ S64,p. 296). 


Normal lead acetate melts at 75°, begins tc 
give off water with a portion of its acid a little 
above 100°, and is completely dehydrated at 280° 
Above that temperature it decomposes, giving 
off acetic acid, carbonic anhydride, and acetone, 
and leaving metallic lead very finely divided and 
highly combustible. The aqueous solution is 
partially decomposed by the carbonic acid of 
the air, carbonate of lead being precipitated, and 
a portion of acetic acid set free, which prevents 
further decomposition. The solution is not pre- 
cipitated by ammonia in the cold, but yields 
crystals of lead oxide when heated with a largo 
I excess of ammonia. Normal lead acetate forms 
I crystalline compounds with chloride and peroxide 
of lead (Gm. 8, 310). Bromine added to a solu- 
tion of the normal salt throws down a brown 
precipitate of PbO^, which, if the liquid be 
warmed, continues to form till 2 at. Br have 
been added to 2 mol. PbAV The solution then 
contains lead bromide and acetic acid: 

2PbA'2 + 2H2O + Br^ « PbO., + PbBr„ + 4HA' 
(Chapman a. Smith, C. J. 22* 185). 

Basic Lead Acetates. — PbjA'jfOH)^ 
formed by repeatedly drenching the normal salt 
with absolute alcohol; the residue crystallises 
from hot absolute alcoliol in nacreous six-sided 
idates, easily soluble in water, sparingly in cold 
alcohol (Plochl. B. 13, 1647).— PbA'j PbO 2aq. 
Lead-vinegar^ Acelum Saturni. Prepared by 
dissolving litharge in the aqueous normal salt, 
and evaporating at a gentle heat, whereupon it 
crystallise.^ in needles. According to Wittstein 
(A. 52, 253) the crystals contain only 1 mol. HjO, 
Easily soluble in water and in alcohol of 90 p.c. 
Beacts alkaline. .Decomposed by CO,. A so- 
lution of this salt mixed with alcoliol forms 
Goulard's PbAV^PbOaq, obtaineii by dis- 

solving PbO in normal lead acetate, or by mixing 
a solution of the normal salt with ammonia. 
Crystallises in silky needles, soluble in 5*55 pts. 
water at 100°, insoluble in absolute alcohol 
(Payen, A. 25, 124 ; A. Ch. [4] 8, 6; Lowe, /. 
pr. 98, 385 ; J. 1860, 235). ® t 

An Aceto-chloride ClPbA' is formed by heat- 
ing recently precipitated lead chloride with nor- 
mal lead acetate and acetio acid at 180°, and 
crystallises in monoclisiio prisms. Decomposed 
by water into lead chloride and the more soSblo 
salt PbA'aClPbA'. The analogous compounds* 
BrPbA' and IPbA' obtained in like manner, form 
small monoclinio crystals (Carius, A, 125, 87). 

Sodio- and Potassio-plumhic Acetates. — 
PbA'jNaA'gaq. Monoclinio oi^^Is (Bammels* 
berg, J. 1855, 603).-Pb^22PbO4KA' is formed on 
padding potash-lye (S.G. 1*06) with agitation to 
' a boilmg solution of normal l^d acetate (S.G. 
1’26 to 1*30). Crystalline pulp, moderately so- 
luble in water (Taddei, J. 1847-8. 648f. 

Acetoformate (CH02)Fb,(02H,OJ,2aq. 
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Needles^ easily soluble in water, sparingly in 
alcohol (Plachl. JB. 13, 1646). 

Litmtun Acetates. — fCiiA'2aq. Hhombio 
prisms [o. 70^]. Dissolves in less than ^ pt. 
water at 16^ ; in 4*64 pts. alcohol of density 0*81 
at 14® (h^sch. Zeitschr.f, Physik, 4, 108). Ac- 
cording to itammelsberg 56, 22(1, the crystals 
contain only 1 mol. H^O.—IiiA'HA , obtained by 
spontaneous evaporation of a solution of the 
normal salt in glacial acetic acid [99°]. Ko- 
tates on water. Under somewhat different cir- 
cumstances it crystallises in small fourrsided 
plates, containing Aq and melting at 85° (Les- 
coeur, Bl, 24, 616). 

Magnesium Acetate MgA'24aq. — S.G. 1-45 
(Schroder). Monoclinic, slightly deliquescent, 
very soluble in water and in alcohol (v. Hauer, 
J. 1855, 601 ; Patrouillard, C. J?. 84, 553). 

Manganous Acetate MnA'24aq.— Pale red 
transparent monoclinic plates, permanent in the 
air, soluble in 3-3*5 pts. water, also in alcohol. 
S.G. 1*6 (Schroder). 

Acid Salt MnA'2HA'2aq (Villiera, Bl. 30, 177). 

Manganic Acetate MnA';,2aq.— Brown crystals 
(Otto, A. 93, 372 ; Christensen, J.jpr. [2] 28, 14). 

Mercury Acetates. — 1. Hg.A'j. Obtained by 
precipitation. Micaceous scales. S. *75 at 13°. 
-HgAV Brilliant micaceous laminfe. S. 25 at 
10°, 36 at 19°, 100 at 100 ^ Dissolves with par- 
tial decomposition in 17*7 pts. alcohol (S.G. 
•811) at 19° (Gm. 8, 332).— An aceto-sulphide^ 
HgA'2HgS, is precipitated, on passing ILS into 
a solution of mercuric acetate, as a white crys- 
talline powder. — Mercuro-diammonium Acetate 
N2H,HgA'2H20. Bectangular plates ; easily so- 
luble in water, nearly insoluble in alcohol ; 
smells of acetic acid, and decomposes gradually 
on exposure to the air (Hirzel, J. 1851, 437). 

Hickel Acetate. — Apple-green prisms, soluble 
in 6 pts. cold water, insoluble in alcohol (Tup- 
puti, A. Ch. 78, 164). 

Potassium Acetates. — Normal salt KA'. 
Terra foliata tartari.—^. 188 at 2’ ; 229 at 
13*9° ; 492 at 62° (Osann). A boiling saturated 
solution contains 8 pts. salt to 1 pt. water, and 
boiU at 169° (Berzelius). Soluble in 3 pts. cold 
ana 2 pts. hot alcohol. Exi|ts inlmany plant- 
juices. White, difficult to crystallise, extremely 
deliqutscent, insoluble in ether. Chlorine passed 
into its aqueous solution liberates CO2 and forms 
a bleaching liquid. On passing an electric 
current through a concentrated aqueous solu- 
tion of the salt, hydrogen is evolved at the 
negative pole, and at the positive a mixture of 
ethane%nd CO... Ttie principal decomposition is : 
2(CH3.C0.2 H) s= C.Ha -F 2C02 + methyl oxide 
and acetate being secondary products (Kolbe, A. 
69, 257). On passing COj-gas into a solution of 
the salt in alcohol OJ-lOO p.c., a large quan- 
potassium carbonate is thrown down, and 
ethyl acetate is formed (Pelouze, A. 5, 205). 

Acid Potassium Acetate KA'HA' is formed 
when Jhe normal acetate is evaporated with an 
excess ot strong acetic acid, and separates in 
needles or lamitiiB, or in long flattened prisms. 
Very deliquescent; i^elts at 148°, and de- 
composes at 200°, giving off pure AcOH. Thk 
affords an easy method of obtaining •glacial 
acetic acid. * Jfeid potassium acetate is also 
formed when the normal salt is distilled with 
butyric or valeric acid; but neither of these 


acids decomposes the salt ^us produced. Hone 
when butyric or valeric aoidFia mixed with aceti 
acid, 8 separation more or less complete may b 
effected |jby half neutralising the liquid wit 
potash and distilling, fi the^acet^ acid is ii 
1 excess, acid potas^tim acetate almie remains be 
hind, the whole of the butyrio or vaWic aoi( 
passing over, together A^th the remainderdof th 
acetic acid. If, on the contrary, the other aoi< 
is in excess, it passes over unmixed with aceti 
acid, and the residue consists of potassiun 
acetate mixed with butyrate or valerate. By re 
peating the process a certain number of times 
cither on the acid distillate or on the acid sepa 
rated from the residue by distillation with sul 
phuric acid, complete separation may be effected 
Acetic acid, therefore, is an exception to the ruh 
that when a mixture of fatty acids and their po* 
tassium salts is boiled the most volatile acids distil 
over (Liebig, A. 71, 356).-KA'2HA' [112°]. S.G. 
1*4. Deliquescent plates (Lescoeur, Bl. 22, 156). 

Anhydrous Potassium Diacetatc or Potas- 
sium Pyroacetaie KoCgH, 20,«2K0 Ac. Ac^O, pre- 
pared by dissolving melted KOAo in boiling 
acetic anhydride, forms colourless needles very 
soluble in water, less deliquescent than normal 
potassium acetate. Decomposed by heat, giving 
off Ac.,0 (Gerhardt, A. Ch. [3] 37, 317). 

Bhodium Acetate BhA',24aq (Glaus, JT. 1860, 
213). 

Bubidium Acetate KbA'.— Plates (Grandeau, 
/. 1863, 184). 

Samarium Acetate SmA'3 4aq.— S.G. 1*94. 
S.V.S. 205*0. Yellow crystals (Cl^ve, Bl. [2] 43, 
171). 

Silver Acetate AgA' (S. 1*02 at 14°) sepa- 
rates on mixing the concentrated solutions of 
AgNOg and NaOAo. Dissolves in hot watei^ and 
on cooling separates as nacreous flexible laminm. 
Heated with iodine it is resolved into silver 
iodide, methyl acetate, hydrogen acetate, COg, 
acetylene, and hydrogen (Birnbaum, A. 152, 111). 
When dry, it combines with forming 

AgA'2NH3 (Kcychler,^. 17, 47). 

Sodium Acetates. ~ NaA'3aq. [58°] (123°). 
S.G. 1*4. S. 26 at 6°, 42 at 37°. 69 at 48° 
(Osann). S. (alcohol of S.G. *8322) 2*1 at 18°. 
Crystallises with 8H.3O in monoclinic prisms, 
melting below 100°. According to Reischauer 
(/. 1860, 60), the crystals give off the whole of 
their water in a vacuum at ord. temp. The 
fused salt in damp air quickly takes up about 
7H2O, forming a supersaturated solution, whereas 
the* unfused salt takes up from the air only the 
original SH^O. When the aqueous solutipn of 
NaA' turns mouldy, oxygon is absorbed, and small 
quantities of alcohol and formic acid are pro- 
duced (B<^champ, Z. 6, 438). 

The S.G. of solutions containing the follow- 
ing percentages ot NaA'is given l^^ranz (J.pr, 
[2] 6, 297) as follows*. 

P.C. S.G. i P.O. S.O. P.C. 

1 1*0058 11 1*050^ 21 

8 1*0174 18 1*0697 28 

A 1*0292 15 1*0802 25 

7 1 0390 17 1*0910 27 

9 1*0488 19 1*1018 29 

The S.G. saturated solution being 1*1849« 
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Acid Sodium Aatates (VillierSt Bl 29, 168 ; 
80, 175 ; 0. B, 85, xJB 4 ; Lescoatir, Bl. 22, 15C). 
— NaA^'aq. Cubic (Fehling).— NaA'2HA' or 
NaA'2HA'ftq. Long needles. [127°]—^ 
5NaAi4HA18aq.<^4NaAmilaq.~ 

► ^NaA'2HAlfi%. 

The three'last are, perhws, mixtures. 

Stivntium Acetates VrA's ^aq.— Below 15^ 
it crystallises with 4Aq in monoclinio prisms. 

An aceto-nitrate NOgSrA'^HjO forms triclinic 
crystals (Hauer, J. 1868, 281 ; Zepharovich, J. 
1860, 309). Villiers {Bl. 30, 176) describes the 
following acid acetates : 

BrA'2HA2aq. 8SrA'24HA'6aq. 2SrA',3HAliaq. 

Thallium Acet&tea, —Thallous acetate TIA'. 
White sillcy needles, easily soluble in water and 
in alcohol, and deliquescent (Crookes, C. J. 27, 
149). 

Add Salt TIA'HA' [64°J (Lescosur, Bl. 21, 
516). 

Basic Thallic Acetate TlA'a 2T1 (OH), l^aq. 
Colourless plates, readily resolved into acetio 
acid and thallic oxide. 

Tin Acetates.— Tin dissolves slowly in boiling 
acetio acid, with evolution of hydrogen, and stan- 
, nous hydroxide dissolves readily in the boiling 
acid, the solution when evaporated to a syrup 
and covered with alcohol yielding small colour- 
less crystals. Stannic hydroxide also dissolves 
in the acid, the solution when evaporated leaving 
a gummy mass. Stannic chloride forms a crys- 
talline compound with glacial acetic acid. 

TFranium Acetates,— C7ira«cw<s acetate. Warty 
groups of green needles.— Uranic acetate or 
JJranyl acetate UOjA'j, obtained by heating 
uranic nitrate till it begins to give off oxygen, 
dissolving the yellowish-rcd mass, which still 
contoins NOgH, in warm concentrated acetio 
acio, and evaporating to the crystalluing point. 
Crystallises from strongly acid smutions in 
yellow transparent monoclinic prisms, containing 
U02A'22aq, which dissolve in boiling water with 
separation of UO,, but are reproduced on evapo- 
rating the solution. A weaker solution cooled 
below 10° deposits qua^atic octahedrons of 
UOjA'jSaq, which give off 1 mol. II^O at 200^, the 
rest at 275°. Double JSa^^s.— NH^A'UOjAViaq, 
NaA'UOjA', (regular tetrahedrons), and 
EA'UO^A'jaq (quadratic prisms), are obtained 
by adding the respective alkaline carbonates to 
a solution of uranic acetate till a precipitate is 
formed consisting of alkali-metal uranatc, redis- 
solving this in a slight excess of acetio acid, and 
cooling to crystallisation. The other double 
sal^ of the group are formed by boiling the 
carbonates with uranic acetate till all the UO, 
is precipitated, redissolving in acetio acid and 
evaporating,— BaA'j2U02A26aq. Small yellow 
c^stalline spangles, easily ' soluble in water; 
give off thti^ crystal-water at 276° (Wertheim, 
/. w. 29, 227).-CaA',2U02A'28aq. Sulphur- 
yellow rhombic crystals, easily soluble in water, 
permanent in the air, beconffhg anhydrous at 
200° (Weselsky, 76, 66).— CdA',2U02A'25aq. 
Bichroio ory8t«li.-PbA',UO,A', 6aq. Tufts of 
pale yeUow needles.— MgA',2U02A', 8aq. Beet- 
angu^ prisms.— NiA22U02A', 7aq. Bmwald-i 
^e^bombio crystals.— SrA',UO,A', 6aq. Sul- 
PjjF-ycUow crystals.— ZnA',2UO,A', 8aq. Sul- 
phur-yellow orystalSi isomorphoos with the 
nickel salt - ^ 


MnA',UOjA'a 6aqf. PeA,TJO,A^ 7aq. 

TlA'2UO,A', 2aq. - LiA'UO,A', 3aq. 

BeA'jUOjA', 2a^ AgA'UO^A', aq. 

Zinc Acetate.— ZnA', 8aq. [236°-257°] S.C 
1*72.— ZnA'a [242°] S.G. 1*84.— Monoclinic h 
l^inBB. Very soluble in water. May b^«diblime 
as ZnA'j, espelially in^vacuo (Franc'mmont, i 
12, 11). ZnA'a may ue crystallised, in anhj 
drous state, from HOAo (Peter a. Bochefontainc 
Bl. [2] 42, 573). 

Yttrium Acetate YA', 8aq(?).— Isomorphou 
with the acetates of didymium and erbirni 
(C16ve). 

ALKYL ACETATES. Acetic Ethers. 

Methyl Acetate CjIIgOa or MeA'. M.w. 74 
(55^) at 754*4 mm. (B. Sehiff) ; (50*3°) at 760 mm 
(Kopp) ; (67’3°) (Gartenmeister) ; (57*5°) ai 
760 mm. (Elsasser, Perkin). S.G. § *9643 (G.) 

2 *9577 (E.) ; U *9398 (P.) ; "£ *9039 (Briihl) ; 
h *9286 (P.) ; *8825 (S.). V.D. 2*663 (foi 

2*564). C.E. (OMO^) *0013.3 (G.) ; *00136 (E.), 
S. 33 at 22° (J. Traube). S.V. 83*66 (S.) ; 83*2 
(G.) ; 83*77 (E.). /x^ 1*36,54. 28*78 (B.). 

H.F.p. 96,720. H.F.v. 94,980. M.M. 3*362 ai 
22° (P.). 

Occurrence.— In crude wood-vinegar (Weid* 
mann a. Schweizer, P. 43, 693). 

Preparation. — 1. By distilling 2 pts. wood- 
spirits with Ipt. very strong acetic acid and 1 pt. 
strong sulphuric acid, removing the excess of 
wood-spirit by means of fused calcium chloride, 
and rectifying over sodium carbonate (Dumas a. 
Peligot [1836], A. Ch. [2] 68, 46). 2. By heating 
H,,SO, (60 c.c.) and MeOH (60 c.o.) to 140° and 
running in slowly a mixture of ^ual parts of 
MeOH and HOAo (Pabst, Bl. [2] 38, 350). 8. JBy 
distilling 3 pts. w’-ood-spirit with 14*5 pts. dried 
lead acetate and 6 pts. strong sulphuric acid, 
agitating the distillate with milk of lime, treating 
the supernatant oil with calcium chloride, and 
rectifying (Kopp, A. 55, 181). 

Properties. — Colourless fragrant ^ liquid. 
Soluble in water ; mixes in all proportions with 
alcohol and ether. 

Ileactions—l. Aqueous solution only slightly 
decomposed by boiling. — 2. Resolved by caustic 
alkalis infi methyl alcohol and acetic acid. — 3, 
When poured on pulverised sodaMme it is 
violently decomposed, with formation oLsodium 
acetate and formate, and evolution of hydro- 
gen.— 4. With sodium it reacts like ethyl acet- 
ate (q. v.), yielding as chief products sodium 
methylate, NaOCH, and methyl sodio-aceto- 
acetate, COMe.CHNa.COOMe.— 5. Decomposed 
by strong sulphuric acid, bei^ming hot, giving off 
acotic acid, and forming methyl sulphuric acid, 

Chloro-inethyl Acetate CHjClOAo (115° 
i.V.). S.G. li:n*195. V.D. 8*70 (for 3*74).— Made 
by passing chlorine i%to ftethyl acetate at 10°. 
An oil. Slowly decomposed by water, quichly by 
alkalis, giving HCl, HOAc, and formic aldehyde ; 

CH2C1(OAc) + 2KOH- 
CH,0 + H,0 + KCl + K0Ac. 

With alcoholic KOAc it gives methyldhe acetate, 
CH2 (OAc )2 V. formic aldehyd# fD. Henry, B. 6, 

^Di'ChlorO'methyf Acetate CHCI2.OA0 
(146V148°), S.G. 1*26, is formed by passing dry 
chlorine through methyl acetate ht a gentle heat. 
Colourless, pungent-smelling Hquid. Ihecomposed 
slowly by water, quickly by aqueous potash, 



m 




•iMlidle pottik, yielding tonnio, 
MM kjrdrMhlorio atidt, 
CHOL(OAe)+feOH- 
CH,(0K)0 + H,0 + 2K01 + KOAe 
(Malaguti, A. 89, 47). 

TriiiJorinated Mtlhul Acetate 
Cfifilfi, (145=). LanreRt, A. Oh. (9) 78, 25. 

Per<hlorinatei Methyl Acetate 
CC1,.0.C0.CGJ3. Formed by prolonged action of 
Cl on methyl acetate v. fn-CHLORo-ACETic acid. 

Ethyl Acetate C^HgOg or TAk\-— Acetic 
ftker. M.w. 88. (75-5"-7G-6®) at 745-6 mm. (R. 
Scliiff); (77-1°) at 7C0 mm. (Elsasser); (77*6°) 
(Gartenmeister). S.G. g *9253 (G.) ; g *9239 (E.) ; 
^ -9007 (Briihl); *9072, p *8971 (Porkin); 

*8306 (S.) V.D. 3*087 (for 3*079). S.H. *48. 
C.E. (O'MO®) *001263 (E.). S. 6 at 17*5° S.V. 
105*7(8.); 106*1 (G.) ; 100*15 (E.). 1*3771. 

Kaj 35*46 (B.). H.F.p. 114,710. H.F.V. 112,290. 

yomiation . — (Lauragais, J. d^Sgavans^ 1759, 
324; Thenard, d'Arcueil^ 1,153; Dumas 
a. Boullay, J. Ph, 14, 113 ; Liebig, A. 6, 84 ; 30, 
144; Malaguti, il. C/i. [2J20,307 ; [3] 162,58). 

1. By heating alcohol with acetic acid or with 
an acetate and strong sulphuric acid. 2. By dis- 
tilling calcium or potassium ethyl-sulphate with 
glacial acetic acid (Liebig). 

Prejxiration.-^l. By distilling a mixture 
of 3 pts. potassium acetate, 3 pts. absolute 
alcohol, and 2 pts. sulphuric acid ; or 10 pts. 
sodium acetate, 6 pts. alcohol, and 15 pts. sul- 
phuric acid ; or 16 pts. dry lead acetate, 4| pts. 
alcohol, and 6 pts. sulphuric acid. The acid is 
first mixed with the alcohol, and the liquid is 
poured upon the pulverised salt; the mixture 
is then distilled to dryness, and the product is 
purified by digestion with calcium chloride and 
rectification. — 2. Frankland a. Duppa prepare 
ethyl acetate by gradually pouring a mixture of 
3*6 kilo, of 97-p.c. alcohol, and 9 kilo, strong 
sulphuric acid, on 6 kilo, sodium acetate pre- 
viously fused and dried, leaving the mixture at 
rest for 12 hours, then distilling and rectifying 
the distillate (which is free from alcohol and 
amounts to 6 kilo.) over fused and pulverised 
Oalcitm chloride. The best mode ofiaixing the 
alcohol and sulphuric acid is t5 pour tlie alcohol 
througl^a narrow glass tube to the bottom of 
the vessm containing the acid, stirring the liquid 
continually by means of the tube. It is best to 
leave the ethyl-sulphuric acid thus formed for 
24 hours before pouring it on the sodium acetate. 
8. A mixture of alcohol and acetic acid in 
moleculnr proportiorts is allowed to run into sul- 
phuric acid at 130®, whereby ethyl-siilphuric acid 
is first formed, and this with the acetic acid 
forms ethyl acetate, which distils over, leaving 
the sulphuric acid to l&e ftjrlher acted on by the 
alcctol. By this process 10 g. sulphuric acid 
yield 232 g. ethyl acetate (Eghis, B. 6, 1177; 
Pabst, SI. [2] 38, 850). 

Colourless fragrant liquid. So- 
luble in*ir pts. water at nrd. temp,; dissolves 
•086 pts. of waters, freely miscible with alcohol 
«Qd ether. ^ 

JReactwns.-—l. Burne with yellowish flame. 
S. By dilute chromic acid it is oxidised to 
wetic acid + 0, »= 2C,H^O, (Chapman a. 

Thorp, C. J. 19, 484).— -3. Permanent in the air 
when dry, but gradually decomposing when moist 
into alcQi;ol and acetic acid; more quickly in| 


bontket With alkalis.^ 
with sulphuric into oxide and AiOjetii 
acid ; with hydrochloric ac^mio acetic acid az)^ 
ethyl cl^ride.~-6. The vapour passed over sine* 
, dmt at 800®-860® gives 4oetofie(,C®, hydrogen 
and ethylene (JaHn, B. 18, 2107),— -6. With Zims 
in scaled tubes at 260®-280*^ it yields butyric 
acid as chief product, calcium acetate and ethy- 
late as intermediate products : 

2CaO + 2EtOAo « Ca(OAc)., + Ca(OEt)R • 

Ca(OH).,-f-Ca(C,HA)2 

(Lubavin, Bl. [2] 34, 679).— 7. With alkaline 
hydroxides it yields acetic acid and ethyl alco- 
hol ; with the anhydrous oxides, acetic acid and 
a metallic ethylate : 

2EtOAc-f Ba(OH),=:Ba(OAc).^-f'2EtOn ; and 
2EtOAo + 2BaO ~ Ba(OAc)2 + Ba(OEt), 
(Berthelot a. Flcurieu, if. Gh. [3] 17, 80). — 
8. With a mixture of lime-water and chloride of 
lime (bleaching powder), it yields chlorofonn 
(Schlagdenhauffen, J, Ph. [3] 36, 190). — 9. With 
alcoholic KliS it forms, on heating, KOAo and 
II.S, but no mercaptan (C. Gottig, J. pr. [2] 33, 
90). — 10. With sodium-etUylatc, forms, at 180®, 
sodio-aceto-acetio ether. — 11. Ethyl acetate 
heated with sodium dissolves the metal, and the 
whole solidifies to a cry.stalline mass of sodium 
ethylate and ethyl sodio-aceto-acetate CAuNeOj* 
The reaction is either 

2(aHj.O. Ac) + Naj = NaOOAs + C,ANa03 + H, ; 
or 3(C2 HvO.Ac) + Na<= SNaOC-A + CJl«NaO,. 
The quantity of hydrogen evolved varies con- 
siderably according to the temperature and pres- 
sure at which the reaction takes place, and the 
proportions of the materials used; sometimes 
no gas is evolved (equ. 2), and under no circum- 
stances yet observed is the quantity of hydro- 
gen evolved exactly equivalent to the sodium 
dissolved, as required by tlw first equation. 
Probably, therefore, the two reactions generally 


take place together (see, further, Aceto-acetio 
acid). — 32. With iodim and aluminium foil ethyl 
acetate yields ethyl iodide and aluminium ace- 
tate, 6EtOAc-f Al.; + 3^ = 6EtI + Al2(OAc)„ and 
a similar reaction takes place with all the alkyl 
acetates of the series CnHsa+iOAo (Gladstone a. 
Tribe, C. J. 30, 357).— 13. Ethyl acetate com- 
bines with titanic chloride in various propor- 
tions (l)cmar(?ay, Bl [2] 20, 127 ; C.B. 70, 1414). 

CimoBiNATFD Ethil Acetates. — Chlorine is 
abundantly absorbed by ethyl acetate, and acts 
strongly upon it, even at ordinary temperatures, 
replacing two or more atoms of hydrogen ; the 
action is accelciatod by heat and by direct sun- 
shine. Seven compounds have been described 
as thus formed, containing 2 to 8 at. chlorine in 
place of hydrogen, but only three of them have 
been obtained of constant composition, ylz., 
those containing 2, 3, and 5 at. chlorine. 

Dichlorethyl Acetate i.e, 

C2H3Clji.CaH30.j is the product formed when ethyl 
acetate is kept cool and in the shade daring the 
action of the chlbrine. Transparent, oil, S.G« 
8*01 at 12® (Malaguti, A. Ch, [2] 70, 3C7). 

Trichloro-ethyUacetate fiSSOl^CHd.OAo^ 
m^tamerio with ethyl tri-OHiiOBo-AOBTATE 
BIS fomied by the action of chlorine at 1^®, in 
presence of iodine, on othylidene aoeto-oluWddt, 
CH,OHCa.OAo (Kessel, B. 10, 1999). \ 

-.CCl,.Ctfmo(72®) at 18mm., (167®)at78eii8Da, 
S.G. h 6*89 (for 6*68): From tr|. 

ohloro-athyl aUmpt and AcQl at 180® Beatified 



m { 

acid; 

lie Mid, CCl,.OH,.O.CH,OOjH. 

Octo^chlotinayd Ethyl 

0 <Clg 0 « if. <ik> 01 ,. 0301,02 in slowly 


Hoffito*. Th«ioltowii^ table Bhowatheit boning 


carbon dioxide to remove excess of chlorine, 
forms a colourless pungent oil which remains 
liquid below 0^. S.G.1*79 at 25®, Boils, with 
partial decomposition, at 245®. Its vapour 
passed over fragments of glass heated to 40U® 
18 converted into the isomeric compound chlor- 
aldehyde 0^0140 «* CClj.COCl. It is decomposed 
by water and moist air, and more completely by 
KOH, into hydrochloric and trichloracetic acids: 

C-Clj.C^CljO^ -f 2H,0 = 2HC1 + 2(CC1,.C0 .11) 
(Iieblano,2l.Cfe.[3j 10, 197; Malaguti,ib.l5;258). 

The following chlorinated acetic ethers are 
also known: the compound of ALOEirYDE with 
AoCl, GLYCOL chloro-acotin, and the ethyl salts 
of the three chloro-acetio acids. 

Brominated- Ethyl Acetates C4H«Br.O.,=> 
CELjBr.CO.OCHBr.CHs (bromethyl broinacetate), 
formed on heating ethylidene acetate-chloride 
OHMeCl{OAo) with bromine at 100 ’-103®, boils 
under reduced pressure at 130 -135®, and dissolves 
in boiling bvater, with formation of aldehyde, 
acetic acid, crotonaldehyde, acetal, ethyl bro- 
mide, and HBr. The crotonaldehyde and acetal 
are secondary products formed from acotalde- 
hydo, produced in the first instance as shown 
by the equations : 

CH..Br.CO.OCHBr.CH,, + C .TI,OH = 
CH..Br.COOC H, + CHa.CliBriOil) 
and CHj.CHBr(bH) = HBr 011^.0110. 

dTri- and Tetra-hrominated Ethyl Acetates 
CJIjBrjO^ and C^l^Br^O., formed b^tlie action 
of 1 or 2 mol. bromine at 120® and 100®, respec- 
tively, on OjH^Br^O^, and freed from absorbed 
HBr by heating in a stream of carbon dioxide, 
are oily strongly fuming liquids, partly decom- 
posing on distillation ; d«ompos<‘d also by water 
and alcohol, the products containing substances 
which reduce ammoniacal silver solution, whence 
it appears tliat botli these ethers produce 
aldehydes. The pentabrominated coniponnd 
04 H,Br 402 , probably CH,,Br.CO.OCBr,..CllBr,, 
formed by heating O^HiBr^Oj witJi 1 mol. bro- 
mine at 170®, is a liquid which scarcely fumes 
in the air (176®). Its product of decomposition 
by water does not reduce ammoniacal silver so- 
lution. Heated with excess of bromine, it forms 
(195®-198®) (Kessel, B. 10, 1994; 11, 
1917). Other brominated acetic ethers are 
OHjCHBr.OAo v. Aldehyde, CH.jBr.CH 2 .OAo v. 
Qltool, and the ethylio Bromo-acetates. 

Sthyl prtl^aoetate CH,.C(OEt);,. — Triethylic 
acetate ; S.G. ^ *94, formed, together 

with CH. 2 Cl.C(OEt)„ by heating CH 3 .CCI, with 
NaOEt iu a sealed tube at j^lO®, Fragrant 
liquid. Decomposed by water into alcohol and 
acetic acid (Geuther, J, 1870, 63G). 

The acetate^f the higher alkyls, 0^^+!, 
are analogous in their properties and reactions 
a<}ctate, and are oUained, in like fftan- 
neftjfier by heating the corresponding alcohols 
witl^l^tio and sulphuric acid, or by the action 
pl. iiulm a^ the oorresp^ding alkyl 


Propyl Acetates Os£E,6Ao : 

B.P. 

Kormal Propyl acetate ) 

Mc{Cn,)»OA.o or PrOAo i 
Isopropyl iio^to I 

Mo,Cl£.OAyor4>rOA^, f 

102® 

90®-93® 

Butyl Acetates 0,11,0 Ac : . 


Normal Primary : 1 

Me:CH,),OAcor 1 

Oir,PrOAc . . . ) 

Isoprimary ; Me,CHCH,.OAo 1 
orClI,I?rOAc . . f 

Secondary : Methyl ethyl ) 
carbvl acetate [ 

MoEtCH.OAo . . ) 

Tertiary ; Trimetliyl-Cftrhyl i 
acetate CMo,.OAo . . f 

124® 

116-6® 

111® 

96'' 

Amyl Acetates 0,ir„0Ac ; 


Normal Primary ; 1 

M.i(CH,)..OAo , . I 

Isoprira.iry ; | 

Me,€}f(CH-,),OAc . . f 

Secondary : Diethyl - oarbyl \ 
acetate Et,CII.OAo J 
Methyl-i.sopropy]-cnrbyl j 
a<!etatc MePrCIf 0 A 0 i 
Metliyl-propyl-carbyl 1 
acetate MePrCIlOAc j 
Tertiary : Dimethyl - ethyl- j 
carbyl acetate iMe,EtO.OAo [ 

148-4® 

137® 

132® 

125® 

133® 

125® 

/fery/ Acetates 0,H,,0Ao ; 


Normal Primary ; ) 

Me((JH,).OAo . , ]■ 

Sccondrvry ; Methyl-bntyl* ) 
carbyl acetate [• 

Mo(OTf,),CIl Mc.OAo ) 
Met h yl -tert-butyU;arby I i 
orPinacolyl acetate [ 
Mc.CHOAc.CMr*. . ) 

ElUyl-propyl-carbvl i 

acetate EtPrCJiOAo f 

109-5® 

155®-157o 

1 10M43® 

160® 

Heptyl Acetates: 


‘Normal from n-heptane 

Do. from (Enunthol 
Methyl-aniyl-carbvl acetate 1 
Me(C,H„)C}I.OAc . f 
Mctliyl-isjo-fimyl-carbvl ace- ) 
tatc Mc(C,ir„)CH.OAc ) 
Ethyl-iso-butvl-carbyl acc- \ 
tateEt(C*H,)CHOAo. f 

1R0® 

193® 

170® 

187® 

163® 

Ocfii^ ^<^^tates: 


Normal ( f rom oil ot \ 

Ifenicfeiim) . , , j 

Mcthvl-hexvl-oarbyl acetate ) 
MetC,lI„.)CII.OAo . / 

207® 

192® 

Eimyl Acetates: 


From Ennitnc In pctrolonm . 
Ethyl-hcTyl-oarlnl .acetate ) 
Et(C.ll,jCHOAc . ; 

210® 

211® < 

• 

Dcqit Acetate: 


Normal C,oir„0 Ac. Crystal- ) 
line, ) i^t 15 imn. j 


Dodecyl Acetate t % 


Normal C,aH„OAc. Solid.) 
(161*^) at 15 mm. . j 


Cetyl Acetate : 


C„TT,,OAo. Need’ca. [18-5®] | 
at 15 mm. , ) 

#• 

Octadecyl Aoetetki 0 

1 0„n,»OAo. [31®] (223®) at) 
15 ^m. . . , / 

lao^eryl Acetate: 

• • 

C„H„OAo [57®] . . . 



(0-S18 atO® 


0-0018 


0-8596 

0-89* 


0-8968 

0-8837 

0-9090 


0-874 at 16® 

0-860 at 83® 


0-878 at 16® 


0-878 •!«» 
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Auji MMvww f?. AXL 1 & AOKTim iziodds of preparatfoilii it ndOeM^. to t&t 

Vke&yl Aootato V. Phbn^. ndxtore strongly towards thiond ox t^^^ 

'^oniyl Aeetata o. AOSTATB. tion, beoadse a portioxi of the ftoetlo odd$ tinite$ 

ICethyleiie Di-acetate v. Foiono aldebidb. with the »oess of metallic acetate present, form* 
Sth jlene Acetates o. Gltool. ing a com^und which requires a high temperature 

FolyeB^lenio Acetates v. Gltool. %o decompose it. 2Bhe acetic oxidGthns obtained 

Sthylene Aceto-butyrate v, Gli^ol. must be subjected to fractional distillation to free 

Ethylene Aoeto-ehloridb v, Gltool. it from residual ohlorideiaand acetic acid (Eokuld, 

Propylene Acetate v. Proptlenb-gltool. Lehrb. 1, 670).—2. Hentschel (JB. 17, 128S) pre- 
Sntylene Acetate v, Oxt -butanes. pares acetic anhydride by passing a stream of 

Amylene Acetate o. Oxt- pentanes. carbonyl chloride, COClj, into fused dry sodic 

Glyce:^! Acetates v. Glycekin. acetate. 

Substitution products of Acetic Acid v. Properties. — Colourless, very mobile, strongly 

Bromo-acetio acids, Chloro- acetic acids, Iodo- refracting liquid, having an odour like that of 
AOBTio ACIDS, Ctano-acetio ACID, SuLPHo-CYANo- glaciftl acetio acid, but stronger. 

ACETIC ACIDS, SuLPOo-AOETio ACID. Rcactions. — 1. With HCl-gas acetic oxide 

Other derivatives of Acetic Acid v. Acetyl acts strongly at 100'^, forming acetic acid and 
BROMiDB, Bromo-acettl BROMIDE, Chloro-acettl chlorido : Ac.p -f- HCl => AcOH + AcCl (Gal, A, 
BROMIDE, Cyano-acetyl BROMIDE, Acetyl CYANIDE, Ch. [3] 66, 187). — 2. With chlorim at 100°, the 
Acetyl chloride. Acetyl iodide, Di-Azo-ACExio products are acetyl chloride and chloracetic acid : 
ACID. H. W. (C,H30)20 + Clj = OjHsOCl CJa.ClOs 

■ ACETIC BROMIDE u. Acetyl bromide. (Gal). Similarly with Br. Withiodme no action 
ACETIC CHLORIDE v. Acetyl chloride. at 200°, but at higher temperatures HI is 
ACETIC CYANIDE v. Acetyl cyanide. given off (Gal). — 3. With PCI 5 , it yields acetyl 

ACETIC IODIDE v. Acetyl iodide. chloride : Ac^O + PClj == POCl, + 2AcCl. — 4. 

ACETIC OXIDE or ANHYDRIDE C 4 Hg 03 or Heated with solid aluminium chloride it forms 
AOjO. — Acetyl oxides Acetic acid^ Anhydrous acetyl chloride and aluminium acetate : 
acetic ocid. —M.w. 102. (137*8°) at 755 mm. 3ACjjO + AlCl 3 = 3AcCl + Al(OAc )3 

(Kopp.); (44*6) at 16 mm., (136*4°) at 700 mm. (Andrianowsky,J.JB. 11, 116).— -6. With pulverised 
(Kahlbaum). S.G. 2 1*007, 1*700 (K.) ; sine chloride at 100° it yields acetic acid, acetio 

1*0816 (Briihl). V.D. 3*47 (for 3*51). 1*3053. oxide, and a dark brown residue having the 

Rflo 35*82 (B.). H.F.p. 132,850. H.F.v. 130,820. composition C^H.O (Bauer, J. 1801, 438).— 0. By 
Formation. — 1. By the action of phos- heating with einc-dust it yields acetone (Jahn, 
phorus trichloride or oxychloride on potassium M. 1, 696). — 7. Reduced by sodium amalgam it 
acetate, 3KOAc + POCI 3 = K 3 PO 4 + 3AcCl, and forms aldehyde, and afterwards alcohol : 

AcCl + KOAc = KCl + Ac,0 (Gcrhardt, 1853, C. li. (Cn,CO).,0 + 2Hj = 2 CH 3 CHO + H^O ; 

34, 766, 902 ; A. Ch. [3j 37, 285).-2. From po- 2CH3CHO -h 2H2 =. 2CH3CH,OH 

tassium acetate and benzoyl chloride, tlio first (Linnemann, A. 148, 240). — 8. Heated in CO^- 
product of the reaction being acetobenzoic gas at 60° with Cl.SO2.OH, jt forms an i;cid, 
oxide, which, if the potassium acetate is some- C.JI,iSO, ^al). — 9. With ured, at the boiling- 
what in excess, and the mixture is heated to a point, it forms acetyl carbamide, NHAcCO.NH,|. 
temperature somewhat above that required for No reaction with oxamide (Scheitz; Marsh a. 
its formation, is resolved into acetic and ben- Gouther, Bl. [2] 10, 460). — 10. Witli nascent 
zoic oxides ; KOAc + BzCl = KCI + AcOBz ; and zinc-ethyl (2 mol. EtI and 1 mol. Ac^O added to 
2AcOBz =* Ac^O + BzjO. Similarly from potas- zinc-sodium) it yields taethyl-cthyl ketone: 
siu:^ benzoate and acetyl chloride (Gcrhardt). — (COMe)20 + ZnEtj = ZnO + 2(Me.CO.Et). 

3. By digesting glacial acetic acid Gnd acetyl With zinc-methyl in like manner: acetone, 
chloride in molecular proportions (Kanonnikoff Me.CO.Me (Saytzeff, Z. [2J 6, 104). — 11. Forma 
a. Saytneff, il.l85, 192).— 4. From lead or silver crystalline compounds with NallSO, and with 
acetate and carbon bisulphide NH,. The latter is formed by passing NH| into 

2Pb(OAc)2 + CS2 = 2FbS + 2AC2O + COj an ethereal solution of Ac^O at - 26° (Loir, G. R. 
(Broughton, 1865, 306). — 6. From acetal chlo- 88, 812).— 12. Gives a mirror with ammoniaoal 
ride and barium oxide at 100° (Gal). — 0. In small AgNO, (Loir). — 13. Decolorises aqueous KMn04 
quantity by the action of phosphoric anhydride (Loir). — 14. Converted by H.SO^ at 130° into 
on glacial acetic acftl (Gal ; Etard, B. 9, 444). — sulpho-acetic acid (Franchiinont, G. R. 92,1064). 
7. By the action of lean nitrate on acetyl chloride Covipounds.~A. With potassic acetate 

(Lachowicz, B. 17, 1281). AC2O2KOAC, obtained by dissolving dry potas- 

Preparation,— 1. Acetyl chloride (1 pt.) is run sium acetate in Ao^O at 100°, crystallises in 
into sodium acetate fl p^) or potassium acetate needles, and is resolved into its constituents by 
(ifpt.), and the proauct is distilled. As, how- heat (Gerhard t). B, With ald^li^des. — (1.) 
ever, acetyl chloride is formed by the action of With acetaldehyde acetic oxide forms the com- 
the chlorine compounds of phosphorus on acet- pounds C2H4OAC2O and C2H4O2AC2O. The 
ates, it Js clear that, for the preparation of the first is obtained by heating its constituents 
anhydridl, this chloride need not be quite free together in molecular proportion at 180° m a 
from phospboxji oxychloride. It is sufficient, sealedtube, and purified by fractional distillation, 
indeed, to add POCl, (3 rjis.) directly to an excess washing the portion which dfstils above 140° 
of NaOAo (lOi pts.) or KOAc (12 pts.) and<J with hot water, and drying over CaCl*. It is a 
distil; or to prepare a mixture of FOC^i and' liqtdAl which boils at 168°, has an aUitooeoua* 
AcCl, by the aciion of PClj (7 pts.) on glacial odour, and is resolved by heating witK^uH 
acetic aci(t (2 pts.), and distil this mixture with into acetic acid and aldehyde— rdistinltioh 
NaOAo (20 pis.) or KOAc (24 pts.). In all these from the iAgnerio compound, oth^ene aoetato 





yields 

^«lyo(i:Oi^{OJ%|q«4ther, i;, 106, 249). T^e 
seoeind e(^ 9 itK>u&d, OjH^O.^ formed by 
heating jj^aldehyde with Ao.^ 0 ' at 160^ is a 
iUquid hayin&a density «f 1‘07 at 10° (Gibther, 
J. 1864, 8297. (B.J With flk;roi|i‘n.— The com- 
ppn^ OSH 4 OA 03 O is obtained by heating its 
cpi^lll^nts in molocular proportion at 100 ° for 
six houifb, or 1 mol. acrolein chloride with 2 mols. 
ailver acetate at about 160°. Liquid immiscible 
with water, having a fishy odour and very sharp 
taste. S.G. 1*076 at 22° ; (180°). C 3 H 4 O 2 AC 3 O, 
formed by heating metacrolein with Ac^O at 
150°, iQ an oily liquid boiling at 180^ (Hilbner a. 
Geuther, A. 114, 36; J. 1860, 306). (3.) With 
henzaldehyde, — OjH^OAcjO is fomaed on heating 
bitter-almond oil with excess of Ac^O at lo 0 °, 
and separates on washing the product with water 
and potash as an oily liquid, which solidifies to 
a orystalline mass melting at 44°-45° (Hiibner, 
Z. [2] 3, 277). These compounds may bo 
looked upon as derived from ortho-aldehydes, 
!^CH( 0 H) 2 . Similar compounds will be described 
in articles on the several aldehydes. C. With 
other oxides, — Vapour of SO, is absorbed by 
cooled AcoO, forming a gummy mass soluble in 
Vater. Boric oxide dissolves slowly in Ac.O, 
forming a vitreous hygroscopic mass. Insoluble 
tartaric oxide or anhydride, dissolves at 

100° in acetic oxide, forming a syrup. The 
same syrupy product is formed, together with 
PbClj, by the action of AcCl on lead tartrate. 

Aceto-arsenious Oxide O^HuGaAs^Oa or 
Ac.O.OAs is formed by dissolving As.^Og in acetic 
oxide at boiling heat, as a syrupy liquid, which 
on cooling forma a vitreous hygroscopic mass. 

Aceto-hypochlorous Oxide AcOCl and 
AcetO‘hypoiodotis Oxide AcOI have been 
describod as unstable compounds by Sl|hutzen- 
berger (0. B. 62, 359; 64, 1020 ; J. 1802, 240), 
but their existence has been called in question 
by Aronhoim (B. 12, 26). 

Aceto-silicic Oxide Si(OAc )4 [UO ■] (148°) 
at 6 mm. From ACjO and SiOj (Friedol a. Laden- 
burg, A. 145, 174). Deconl^osed by water, heat, 
alcohol, or NH 3 , into silica and HGAcAc.O, 
EtOAc, and NH^Ac, respectively. A compound, 
Sj^OEt) 3 (OAo) (c. 195°), is formed from SitOEt)^ 

; and AcgO. 

Aceto-bemoic Oxide ChU^O, i.e. AcOEz, 
from acetyl chloride and sodium benzoate, is a 
heavy oil. Begins to boil at 150°, and is resolved 
: at the same time into Ac.O and Bz.fi. By boil- 
ing with Water, and more quickly with alkalis, 
it is converted into acetic and benzoic acids 
;{Gerh. 8 , 209). HCl converts it at low tempe- 
>titure 8 into AcCl Hud HOBz ; at 160° BzCl and 
'jEj[QAo are also formed. Chlorine forms AcCl and 
(^hlorb-benzoio acid (Greene, C. N, 60, 61). 

J Aeetp^ci 0 k$tamic Oxide Ac.O.C^jO. Ob- 
'tAined like the preceding, which it resembles. 
CSl, heavier than water, very unstable (Gerhardt, 
ii|,887). • 

K : ApetO'tuminic Oxide Like 

ihe peoeding (Qg^ardt, t 6 . 609). 

iceto-ialic^ic Oxide Solid; 

dissolves in aqueous sodium carbonate, with 
ipipi^n of sodium acetate and salicylate (llcr- 

^]p 4 tio Peroxide 04^,04 nr AcaO^g-Prepared 

liddifig .BaOu* to a solution of xcetic anhj- 

rVofc,|i 


IT 

dride in ether. The mixture is effect gfa* 
dually, being attended with evolution of henA 
The ether is distilled’iff at a low temperaturor 
an 4 the fluid which remains is washed with 
water. It is a viscid liquid with pungent taste. 
Ih decolorises indigo, oxidises manga;«dus hy- 
drate to peroxide, and potassic ferro- to ferrx- 
cyanide. It acts generally as an oxidising 
agent. It does not reduce CrO, or KMn 04 . 
Baryta-water is converted by it into barium 
peroxide and acetate. It explodes when heated 
(Brodie, Pr. 9, 363). H. W. 

ACET-IMIDAUIDE v. Acetauioznb. 

ACET-IMIBO-ETHTL-ETHEB 
NH 


CH,.C 


/ 


'OEt 

(97°). Liquid. The hydrochloride is obtained 
by passing dry HCl-gas into a mixture of aceto- 
nitrile and ethyl alcohol (equal mols.) diluted 
with ^ their volume of ether, cooled to 0 ° C. 
BTICl, long trimetric plates, decomposes at 
about 100 ° into ethyl chloride and acetamide 
(Pinner, B. 16, 1654). 

ACETIMIDO-NAPHTHYL-AMIDE v, Niph- 

THYL-ACETAMIBINE. 

ACETIMIDO-TOLYI-AMIDE v. Tolyl-aceta- 

MmiNE. 

ACETO-ACETIC ACID CHj.CO.CHj.COjH 

orCH 3 .C(OH):CH.C 02 H. 

Occurrence. -In urine of diabetic patients 
(Geuther a. Bupstcin, Fr. 14, 419 ; Deichmiiller, 
A. 209, 30 ; Tollens, A. 209, 36 ; Jaksch, H, 7, 
487). 

Preparation.— T!he ethyl ether (4*6 g.) is mixed 
I with water (80 g.) containing KOH (2*1 g.), and 
' after 24 hours the liquid is acidified and shaken 
with ether (Ceresole, B. 15, 1327, 1872). 

.Properties.— A thick acid liquid, miscible with 
water. At 100° it splits up into CO 2 and ace- 
tone. Nitrous acid gas forms OO.^ and iso-nitroso* 
acetone. 

Mts.— BaA '2 aq. Amorphous. V.e. sol. water. 
Violet colour with FeCl.,.— CuA' 32 aq. Amorphous. 

Ethyl Aceto-acetate or Aceto-aceUc Ether 
CTl 2 .C 0 .CH 2 .C 03 Et or CH 3 .C(OH) : CaCOjEt. 

! Di-acetic etkgr (Geuther, J. 1863, 323), ethyMi- 
acetic acid (Geuther, J. 1866, 302), acetone-car* 
hoxylic acid (Frankland a. Duppa, A, 1^, 211) 
(180°) (B. Schiff, B. 19, 661) ; (180*^ cor.) 
(Geuther) ; (180*6°-181*2°) at 764 mm. (Bruhl) ; 
(152*5°-163°) at 330 mm. (Perkin). S.G. ^ 1*0256 
(B.); 5 1*046 (S.); ^ 1*0317 (P.); 1*0235 (P.). 

Pfi 1*4253. Bo, 51*62 (B.). S.V. 163*34 (S.). 
M.M. 6*501 at 16*25 (P.). • 

Fortmtion.—Uhe formation of aceto-ooetio 
ether by the saponification of cyano-acetone by 
alcoholic HCl (Matthews a. Hodgkinson, jf. 
16, 2679) is denied by J^mcli (A. 231, 245). 

Preparation.— Ethyl acetate (1 kilo.), that iSui 
been carefully dried, is treated with somom (100 
g.) in small pieces. As soon as the first reaction, 
abates it is heated with inverted condenser over 
a water bath for 24 hours until the lodium ii 
dissolved. Dilute (50 p. c.) ac#tjp acid (560 g.) 
is then added, and whei)|the liquid is com, it if 
jimixed with water (500 0 . 0 .). The light oily layer 
is wa^ed with a little water and fractioned. 
The yield (175 g.) is small, butRnuoh ethyl ace- 
tate (400 g.) is recovered (Conrad, A. 4 B 6 , 214). 
Aoeto-aceUo ether may be still farther purifieo 

• 0 



m 




with cone, aqueous NaHSO,, with 
ii^h ^ oomh^ Impunties may then ^ ex- 
tra^d by ether, and oompoand of aoeto- 
^tio ether with NaHSO, afterwords decomposed 
hy E,CQ, (Elion, H. 8, 246). 

l%e Rkrmaiion of oceto-aoetio ether may b(i 
cimressed by the equation ; c 
2CH,.CO,ft + Na,=. 

CH,.OO.CHNa.CO,Et + NaOEt + H.„ 
the eodio-aceto-aoetio ether being afterwards de- 
composed by the added acetic acid : 

CHs.CO.CHNa.CO,Et + HOAc = 
CH,.CO.CHj.CO,Et + NaOAc. 

See also p. 21. 

Properties. — A liquid with an agreeable sweet 
odour. Slightly soluble in water, the liquid giving 
a violet colour with FeCl,. Unlike its ethyl and 
acetyl derivatives, it forms a crystalline compound 
with NaHiSO, (indicating presence of the ketonic 
carbonyl group, CO). 

Salts. — ^Aceto-acetic ether behaves as a mono- 
basic acid. This may either bo ascribed to the 
situation of the group CJIj between two CO 
groups, or else by having recourse to the formula 
CIH,.C(OH/ : CH.CO,,Et, which represents a com- 
pound tliat might be expected, as a tertiary al- 
cohol, to possess a phenolic character. Like 
phenol, it gives a violet colour with FeCI,. 

Sodio-aceto-acetic Ether 
CH,.CO.CHNa.CO,Et or ClL,.C(ONa):CII.CO,Et. 
Needles. Produced by the action of sodium or 
aodic ethylate upon aceto-acetic ether in the cold. 

Preparation.— (10 g.) is dissolved in 
absolute alcohol (100 g.) ; when cold, dry ether 
-(90 g.), followed by aceto-acetic ether (50*5 g.) di- 
luted with ether (00 c.c.), is added. If the liquid 
is w’ell stirred with a little water (2 c.c.) solid 
sodium acetaeetic ether separates (Harrow, C. J. 
83, 426). The pp. is a hydrate, which becomes 
•dry in an exsiccator (Elion, li. 3, 210). 

Reactions.— (a) With iodine in ethereal so- 
lution it gives di-aceto-succinic ether {q.v.). -(b) 
Heated alone or with NaOEt it gives acetone, 
aceto-acetic ether, NaOAc, and sodic dehydrace- 
tato. — (c) With alkyl iodides it forms alkyl^ceto- 
acetic ethers {q. v.j : 

‘ CH,.CO.CHNa.CO ..Et + Il'h= 

Nal + CH,.CO CHR'.CO Et. 

Other (iodo- bromo- and chloro- compounds act 
similarly.— -((i) But with tri-niKNYL-MK-rHYn mto- 
MIDE Ph,CBr it forms CH 3 CO.C(CPh 3 )X'OEt 
fAllena. Kdlliker, A. 227, 110). — (e) Chloroform, 
in presence of NaOEt forms oxv-uviric etiikk : 
C,K,Me(OH)(CO.jH )2 [1:3:4; 6J, the first 
Stage probably bei'ng : 

2CIL.00.CII y».CO,T:t + NaOK t-fcnci,=: 

CO,Ht.CH AC.CJ f, ;C(CO,Et>.CO.< , +;jX;iOI +HOEt 

e ponheim a. Pfaff, B. 7, 929 ; 8, 884 ; 9, 321; 
rad a. Guthzeit,^ A. 222, 249). 

Other Salts.— A\{CJi,0,),. Necdle.s [70'’]. 
Insol. water, v. e. sol. ether, benzene or CS.^. 
May be sublimed.— Co(C„H„Oj).;. Red pp. Sol. 
hot l^enzene or ether.— Cu(C„HgOg )2 [182’J. 
Green needles (from alcohol). Insoh water, v, 
6(d. benzene, owher or CS,. Got by adding 
Cu(OAc).^ to a solution of aceto-acctio ether in 
alcohol, the calculated quantity of ammonia; j 
iwing also added (Conrad a. Guthzeit, B. 10, 19).— i 
Mg(C,.H,, 03)2 From aceto-acetic ether 

end * magnesia-mixture.’ Plates (from ether- j 
SNMizene).— Hg(C„H,0,), Amorphous. Formed | 


by^ shaldng aeeio-aoetio jsiher adth 
Ni(OAOJ,. * 

Reactions.— h Boiled for a long time, oi 
passedXbrough a red-hot tube, it forms dehy- 
draoetio acid, an^ alcalml. » 

2. Boiled witl^ alkalis it gi^s COg, aoetone^,/ 
acetic acid and alcohol, according to the reac- 
tions: CHg.CO.CH..t;OgEt + 2KOH=. , 
CH,.C0.CH;+ KXOg + HOEt ; 
CH3.CO.CHg.CO;Et + 2KOH« 
2CHg.CO.OK + HOEt. 

8. Decomposed by water at 160 ’, or by strong 
acids, into CO.^ acetone and alcohol. 

4. Action of sodium alcoholatcs. — (a) Heated 
Avith dry NaOEt, or with alcoholic NaOEt, ethyl 
acetate is got in small quantity (12 p.o. of 
the theoretical) {Wislicenus, A. 186, 193; Isbert, 
A. 234, 160).-(b) .50 g. heated with NaOEt 
(from 8*0 g. Na) and MeOII (75 g.) at 130^ gives 
methyl acetate (7 g.) and ethyl acetate (1 g.). 
Similar results aro obtained by using PrOH in- 
stead of MeOJI (rsl)ert).-(c) At 130° with NaOPr 
and excess of MoOff gives methyl acetate and a 
little propyl acetate.- -(^) Heated with alcohol 
at 180’ it is not affected, but if a very little 
NaOEt be pr(!sent it is completely decomposed, 
yielding EtOAe- Mimilar results are got by 
using PrOH and NaOPr. Hesacetic Acid 
C, JL.Uj is found in all these cases as a resinous 
body, not volatile w’ith steam. It forms brown 
amorphous salts, NaA', KA', and NH^A', sol. 
wator (Isbert, A. 234, 167). 

5. forms 3'Oxy-butyric acid: 
C]I,.CO.CH,.CO,Kt.H,=. 
CfT;,.CH(OH).CH,.CO,Et. 

6. Phenyl-hydrazine in the cold forms, as 
with all ketones, a phcnyl-hydrazide : 

Ph.Nv 

,1 I '>CJfc.Cnj.CK),Et (?), “ 

HN' 

hnt at 100° tliis loses EtOTI and becomes methyl- 
o.ry-QTTiNiziNE (7. r.) (Knorr, B. 17, 2032). Pseudo- 
cuniyl-hydraxine produces the homologous hy- 
drazide CIl 3 .C(N,H(lII,]\Io,).CH,.CO,,Et [78^]. 
Long^'ellownoedles (from alcohol), orthick prisms 
(from ether). V. sol. hot alcohol or ether, si. sol. 
cold alcohol or benzoline. Very unstable, and at 
130°-140° changes to oxy-tetra- rncthyl-quiniziner 
.CO . CIL 
I 

\N-— CMe 

\/ 

NH 

(Haller, B. 18, 700). 

7. Hydroxylamine forms, as with -other 
ketones, the oxim : CrL.C(NOH).Cri,..COgEt, 
;8-Oximido.butyric acid, ClIa.C(NOH).CH^.COgH; 
colourless crystals, [140°], si. sol. water, alcohol 
or ether (Westenberger, B. 1C, 2996). 

8. Fuming nitric acid yields 8!ih,lic acid and 

oxiNino-ACKTo-ACETic ETHER (q. V.) (PrOppet, A, 
222,48). . ^ 

9. Sulphwijl Chlonde forms mono- or di- 
chloro-aceto-acetic ether, according to the pro- 
portions used (Allihn, B. 11,<^*^7) ; 

CH,.CO.CHg.CO.;Et + SOgClg « 

^ CH3.CO.CHCl.COgEt -t- SOg HCU 
CH,.CO.CHg.COgEt + 280g0L » \ 
CH,.CO.CCl.g.CO,Et + 2SOg + 2HCI A 

10. Br^ine gives mono-, di-, ^rt-, ana Mr 
BROMo-iOBTo-AOByiq BTHBBa (Wedel. A. 21ft 





to 


: OhMne o&ly ^i-oBtoBo-AfiSTo- 

kwmnieasR (g. «.). 

12v Phoaphonts p&ntachloride forms the ohlo^ 
rid«i» of two OstLOBO-Ol^OinO ACIDS (g. v.)# 

18. Dry frusgiSacid heated ^Ith aoeto-aoeiic 
jlther for 8 days at 100^ fon^ a cyanhydrin, 
OB^.C{OH)(CN).CH 2 .COsE^ which is converted 
by boiling dilute HCl into oxy-pyrotartario acid 
(6. H. Morris, C. J. 37, 7). 

14. Cyanogen chloride passed into sodio- 
aceto-acetic ether forms Cyano-aceto-acetio 
EtHKB (g. V.) CH,.C0.CH(CN).C02Et (Haller a. 
Held. C. B. 95, 236). 

16. Ammonia, whether dry (Precht, B. 11, 
1193), aqueous or alcoholic (Duisberg, A. 212, 
171), produces the imide of aceto-acetio ether. 

Aceto-acetic ether imide CaH^NOa [34°]. 
(213° uncor.) at 760 mm., (ISl”) at 154 mm. 
S.G. M 1-014. S. (cone. NHjAq) 1-25. Dry Nil, 
is greedily absorbed by aceto-acetic ether, the 
compound CII,.C( 0 H)(NHJ.CH.,.C 02 Et being 
doubtless at first formed. The liquid soon se- 
parates into two layers, water and the imide of 
aceto-acetio ether. The latter is purified by 
distillation (Collie, A. 22G, 297). Pro2>erlics.— 
Colourless monoclinio prisms. V. si. sol. water, 
V. sol. alcohol, ether, benzene, CS, and CHCl,. 
Moisture greatly lowers its melting-point. It is 

CH, .C(NH).CH2.C02EtorCH3,C(NHo):CH.CO,Et. 
Ileactions. — (<i) Aqueous HOI splits it up into 
NH, and aceto-acetio ether (Duisborg).— (5) Cold 
dilute NaOH has no action, but on warming it 
gives NH„ HOEt, acetone and CO.^.— (c) Pb(OAo) 2 , 
HgCl^, ZnSO^, or FeCl, also splits it into aceto- 
acetic ether and NHg, the latter throwing down 
the metallic hydrate. AgNO, does not give any 
pp.-- (d) Glacial acetic acid also regenerates 
aceto-qpetic ether on boiling.— (i?) Sodium amal- 
gam gives /8-oxy-8utyrio aciu.— (/) llitrous 
fumes passed into alcoholic solution forms riitro- 
80 -aceto-aoetio ether. A by-product 0^11, jN^O^, 
forms plates [170°].— (</) Ac.,0 at 100° forms an 
acetvl derivative, CgHinAoNO.^ [03°] (232-), which 
combines with bromine, forjfing CgHinAcBryNO, 
[140°].— (?t) Paraldehyde gives di-hydro-tri-mo- 
thyl-pyridine di-carboxylio acid, which is also 
formed from aceto-acetic ether, NH„ and alde- 
hyde.— (i) EtI at 100° forms ethyl-aceto-acetio 
ether and a base (c. 290°), possibly ethoxy- 
di-methyl- pyridine. Condensation -products : 
OioHigNO, [100°]. Present in the brown resin 
got when CaHuNOj is distilled under atmo- 
spheric pressure. Insoluble in alcohol and ether. 
Boiled with KOHAq it forms oxy-di-methyl- 
pyridine oarboxylic acid. 

16. Aceto-acetic ether viethyl-iinide, 

CH,.C(NMe):CH 2 .CO.,Etor 

CH3.C(NHMe):CH.C02Et, 

(133°) at 50mim. (215 ) at 700 mm., is formed in 
like manner fr^ aceto-acetic ether and methyl- 
amine (Kuchert, B. 18, 618). With paraldehyde 
Bnd HjSO^ it gives a condensation-product, 

CI. ,Ha 04 N, which forms trimetrio crystals with 
blue fluorescence [86°]. 

17. DiethylamifU^orms^-di-ethyl-amido- 

crotonic ether, OH,.C(NEt..):CH.tJO.Et, a 
liquid (^°-163°) at 20 mm. 0 

. 18. Ipated vnth aniline (1 mol.) at 120 ° it 
yields iPiyBtaJline body, DipHj.NO,,, which melts 
St 81° ahd is probably the anilide of adbi-aoetio 
a^i40HA.O{NPh).CB^t)0^^ By dissaving this 


substance in cold :^0 is eliminated 

with formation of H.oxy.(Pjr. 8 )^methyl. 
QUINOLINE (Knorr, B. 16, 2593). 

l^»^o-Phenylene-diami'ne forms : ’ 

^ 0 ,H 4 {N: 0 Me. 0 H,.C 0 .,Et),. 

20. o-Tolylem-diamine gives : 

CH,.C.H.<JJ^t!Mo.CH..CO.Et. 

(Ladcnbnrg, B. 12, 951 ; Witt, B. 19, 2977). 

21. With aldehydes (Claisen, B, 12, 346) : 

Cn3G0.CH...C02Et + ROOH - 
n,0 + CH3.C0.C(CH.R).C02Et. 

The bodies arc mixed in molecular proportions, 
and HOI is passed in at 0^ Or the bodies may 
be heated with Ac.D. Examples (Matthews, G. J. 
43, 200) (a) Isohutyric aldehyde gives 0,pH,gO, 
(2i9°-222°). Oil. Smells like peppermint. Com- 
bines with bromine, (b) Valeric aldehyde gives 
C„H,A (287°-24H). S.G. *9612. Oil. 
Smells of straw borries. [c) Chloral gives 
C,H«Ci ,03 (151°-1.58°} at 25 mm. S.G. 1*3420. 
From chloral, acet-acetic etlicr, and Ao^O at 
150°. (</) Furfural gives C„Ii ,.,04 [62°], (188°- 
189°) at 30 mm. From furfural, acct-acetic ether, 
and kef). Easily soluble in cliloroform, acetic 
acid, alcohol, and benzene. Largo doubly-refract- 
ing crystals (from light petroleum and ether). 

22. Aceto-acetio ether (2 mols.) condenses 
with aldehyde-ammonia, forming di-hydro-tri- 

SIKTHTL-PYIIIDINE-DI-CARBOXYLIC ETHBB (g. V.) t 

2 CH 3 .CO.CIl 2 .CO.,Et + CH 3 .CH(OH)NH 3 « 
3H.,0 + C,il2NMe3(CO.,Et)3. ^ 

Since the product contains three methyls and , 
two CO.Ht groups, we may assume these to be 
identical with the same groups in the reacting 
bodies. And inasmuch as the product is not 
acted upon by nitrous acid gas and forms an 
ammonium iodide with Mel, it would seem to 
be a tertiary base. Nevciiheless, inasmuch as 
methylamine and aldehyde give a similar body, 
the reaction may probably bo represented thus : 

CHMo 

(JO^EiCH 0 HC.COjEt 

MC.COH E, HOC.Me 
• NH 

Me 
,CK 




8 H 3 O + CO^EtC aCOjEt 
n II 

MeC CMe 




I* 

(Hantsch, A. 216, 74 ; B. 18, 2579). Other aide- 
hydes in presence of NH, form similar derivatives 
of the pyridine series (u. Methyl-pyridine). Thus 
cinnamic aldehyde and , ampionia forms di<^ 
methyl - styryl - di - hydro - pyridine di-carboxylio^ 
ether, H.,C 3 NMe.ICH:CHPh)(C 08 Et) 3 , ri48n 
(Epstein, A. 231, 3). 

23. fonnamide and ZnCl, acoto-aoetio 
ether gives di-mothy 1-pyridine carboxylit dlhot 
(Canzeroni a. Spica, 0. 14, 449). 9 ^ 

24. With acetamide wd AlOl, it forms 
CH,.C(NAo).CH,.C 03 Et [66*]. Needles. Converted 
by KOH into the amide of aceto-acetio ether. 

26. Mixing with acetamidihe ^ydrochkhide 
and dilute NaOH, and, after standing fo§ some 
days, evaporating to dryness and extracting 
with alcohol, yields a di-methyl-osy-pyrimyins^ 

0 2 



•ip- 

. »I. ml ethw PI ^2^. It i. «>• 

CH,.c/ ®Vg_ 




CH,.C^^ 


n».fii'®'“®SrEta- ■ 

i^££SZSSr»t^tt!iS“ 

NH.CO.NH.CMe.CH.CO 

ether (^g.)‘‘ehJ^to’lSn^‘^^-'^‘*'^ aceto-aoetic 
It dissolves in alk J5?« '■‘ystallised from water. 

Its welting.poin? Mei a?o™ 

CHA^N 80"™““ ““ a“orphoua'*pp“of 

^.M.Ag,N,SO (NMoki a. Sicber, J. pr (h 2 ^ 

earbamic ether, PJiNH co'pt'*'^*^ T?"'^ phenyl, 
indicate that the body C h' \‘ o ?'’® "““‘‘“".s 

tution NPhH.CO^N:CM;Cii:;cb^^^^^ 

(Behrend, A. 233, 1). ‘ 

to pilseS“X*]it?l"“Jjfg 

a s* - 

splits off: ' but 11,0 

80 « n^ ^^NH.C 0 .N : CMe.CH,.cd j:t. 

L^pISpilii 

81. Sy4LT^^- Tt wT? 60 oS 

COC?‘ .^Pl^w^to-acetio ether iscoriterted bv 


*‘^C-0>fl.cJ^ 

Pbo"at^l%ts®te"r' f «t, 

ether - CH,.CO.C(CS).Colmfi6?fe‘°i?^?“' 

sus^Ad^ef tSene ^tsol etl*®! 

ether S{CHAo.CO^t), 

I ‘'‘“o ■• 

(Klti8,H.18! 2,?L). C.H.O,[200°] 

it Ws 

products (Perkins inn r t i?’ 

A“-Ha it 

iS“ls'5^=5S5£Hl 

when aceto-acetirethLT^ is ® formed 
chloride at 120= (Wcdcl, 

sul2>hiinc acid : ’ 

I ether (1 pj.) and "old tono’^lYso (““pts ft 

bostos. aSi sol orXi . . resonibUng as- 

ether, v. sol. alcohoJl'v r^"^’ '”i ^ m "ater and 
compUed by heat ?; ^ “‘''•.f''”ororm. De. 

"hen hot, has a spicy odoui'^ Vf 

msybercpre.sontedthii^: “ formation 

! and acitiio acCtonf ^ and“^*“‘*^! f"™ 

I n^eulralising with alcoholic poUshrdtJJ^^^^ 

C.ir.( 01 IXC 0 ,,n.C 0 . 0 .C.H,{C 0 .H)C 0 .Et+K 0 H= 

n rr \ n 


“=''‘'”-*'<C0>*“='-<“>*>O*M.<l. 

in solution, ^ remaina 

^csiteno-lactone Carh^xvlic Ari^ 
CH .C.C(co^).CMe:CHloX ^‘^*‘^ 

[p5°J (iso-debydracetio acid). Pluffir 
(from water). SI roI L. , orjrstala 

^'‘subliS*^'*'**' (fr<>««leohV‘'May 

tyl f,^,^-»««Uedwith lime it gJl^^s i 


•J a WAAUO, —■ 


0 



-^eMaraoett<^>|j^ into dxjr- ; 
mfisiteno dicarbolylio aoia,/' ' • 

0H,.0(0H)C;C{C0.;Gt).CMe:CH.C0^, 
▼hioh forms a stable copper salt CujHjA",, but 
its alkaline salts ssadilf split off CO^ : ^ 

I O.H,((fa) (COaNa), f »aOH c, 

' 0,H,(OH)(CO*Na) + Na,COa, 

forming oxy-mesitene Ibrboxylates. These 

readily*undergo a similar decomposition ; 
0,Ha(0H)(C02Na) + NaOH^NaaCOj + C«II„On, 
probaWy forming * mesitenyl ’ alcohol, which at 
once changes to mesityl oxide. Baryta is the 
best alkali to use in these decompositions. 

Mesitene Lactone . 

CH3.0:OH.CMo:CH.CO.O 


[61’5®] (245° cor.). From iso-dehydracetic acid 
by distillation, or by heating with H0SO4 at 170°. 
Glittering tables. Very soluble in alcohol, ether, 
or water, sparingly so in OSj. Tastes bitter and 
spicy. Neutral to litmus. Separated by K^COj 
from aqueous solution. Gives with Br in CS^, a 
bromo-derivative, OBH^BrCOa [105°]. Converted 
even by water into oxy-mesitene carboxylic acid. 
Hence it is a Sdactone. 

Oxy-mesitene Carboxylic Acid 
• CA{0H){C0..H) Ic. 

CH3.C(OH):CH.CMe:CII.CO,H. 

From its lactone (mositene-lactonc) by boiling 
with water or, better, with baryta. A thick 
liquid, soluble in water. Its salts are amor- 
phous, e.g. BaA'j, CaA'j. These salts on boiling 
form carbonate and mesityl oxide. 

Mesiiene-lactone Carboxylate of Ethyl 
C3H7(C02Et)C02 

CHa. C ; C(C02Et).CMe;CH.C0.0 . 

Forr^ed, together with its potassium salt, by the 
action of alcoholioiKOH on the product of con- 
densation of aceto-acctio ether, as described 
above. Also from its potassium salt by EtI. Also 
got when aceto-acetic ether, saturated with HCl, 
is left at 0° for a month (Polonowska, B. 19, 
2402). Oil. Beactions.-^{a) Br in CS2 forms 
C#H-Br(C02Et)C02 [87°]. Needles (from alcohol). 
— (5) NH, passed into an alcoholic solution forms 
satiny plates of C,H,{C02Et)(C0,NH,)(0NH4) 
melting at [104°], giving off 2NH3 + H2O, and 
changing to the lactone. Warm water or cold 
alcohol also change it to the lactone. Cold HClAq 
liberates C3H,(Ca,Et)(C02H)(0H), which maybe 
extracted by ether. Small plates [76°]. Boiled 
with water, two-thirds are changed to lactone, 
and when the lactone is boiled with water, one- 
thirAbecomes oxy-acid. It forms salts of the form 
C,H,(0H){C02Et)(C02H), viz. CuAUq, PbA>q. 
When the acid is boiled with alkali there is 
formed dohydracetic acid and its decomposition 
products, mesityl oxide, acetone, and COj, and 
the following decomposition also occurs : 

CH,.0:0(00,Ht).CMe;Cn.C0.0+3H,0= 

. 0H,.00,H+H0Kt+CH.(C0,H).0fte,-CH.C0,H, 
resulting in homomesaconic acid. 

Homomest^onic Acid 

CH2(^H).CMe : CH.CO-^H 
[147°]. Small prisms (from water). V. sol. cold 
w^erjAnd alcohol, si. sol. ether. Not voiatile 
VithJKeam, but sublimes about 120°. 

— BaA"4 Jaq. — CaA'^aq. — CuA"2aq. — 

4gJ^'.-KHA".-^NH4HA'V 


n 

,, , , /Vfi40°-242°). 

TTmtytif ^ CondenMtion.^jLB acetone gives 
mesityl oxide -pgHj.OI or CH,.CO.CH;C(CH,)„ 
so ai^eto-aoetio ether, if it is CHs.CO.CHjCO^Et, 
should 'give the dicarboxylio ether of mesityl 
Mdde, 03Hg0(C02i)t)2, or the acid,CgH80(C03H)j. 
Instead of this,et gives an isomeride of the latter, 
CgH,(OH)(C02H)2, so that the group CO.CH 
must have changed to C(OH):0. Assuming 
that this group pre-exists in aceto-acetic ether, 
the condensation w'ould be as follows : 

CH,.C’(OH ) :C(CO,Et)H+HO,OJfc:aH.CO,Et=s 
CH..O( OH ) :C( CO,Efc).CMe :OH.CO,Et + H,0 = 
CH,. 0:C(CO,Et>.OMemCO.O +HQEt+H,0. 

Acetyl-aceto-acetio Ether 
CH3.C0.CIIAc.C02Et or CB,.C{Ok(i):OR,CO^%, 
di-accto-acctic ether. (200°-206°). S.G. ^ 1*064 
(James) ; ^ 1*101 (Elion). From aceto-acetic 
ether (65 g.), ether (50 g.) and sodium (9 g.), by 
adding a solution of AcCl (.30 g.) in ether (50 g.) 
in the cold ( J. W. James, A . 226, 210 ; C. J. 47, 1). 

Pleasant smelling liquid, slightly 
decomposed on distillation. Miscible with alco- 
hol, ether, and benzene, hardly soluble in water, 
but slowdy decomposed by it into acetic acid and 
aceto-acetic ether. Fe^Clg gives a raspberry-red 
colour, removed by SOg. 

Acetyl-accto-acetio acid is a strong 
acid, and can expel acetic acid from its salts. 
— CuA'o2aq; insoluble in water; [148°]. — NaA' 
(Elion, 'if. 3, 25.5).— NiA'22aq. 

Beactions.—l. NaOEt decomposes it into 
EtOAc and sodium aceto-acetic ether. 

Benzoyl-aceto-aoetic Ether 

CH 3 .CO.CBzH.CO. 2 Et 

From sodium aceto-acetic ether and benzoyl 
chloride alone (Bonn6, A, 187, 1), or dissolved in 
ether (James, A, 226, 220 ; C. J. 47, 10). 

* Broperim.—k fairly strong acid, capable of 
displacing acetio acid. 

(SuW.— CuA'a (from benzene) [180°-190°]. 
Formed by shaking the ether with aqueous 
cupric acetate. SI. sol. alcohol or benzene, m. soL 
ether. 

o-Nitro-benzoyl-aoeto -acetio Ether.— Pre- 
I pared as above, using nitro-bcnzoyl chloride. 
It is an oil.* Boiled with dilute HjSOg it forms 
o-nitro-phenyl methyl ketone and also o-nitro- 
benzoyl-acetone in smaller quantity.# Cone. 
KOH forms a salt CH3CO.C (CgH^NOjJK.COjEl 
(Gevekoht, A. 221, 323). 

Constitution of Aceto-acetic Ether. 

Some chemists adopt Fi^nkland’s formula 
for accto-acetic ether, CH3C0.CHj.C02Et ; others 
prefer Gouther's formula, 0H,.C(OH):CH*CO2Et; 
while a third party, relying upon the results of 
Baoyer’s researches into t^ constitution of the 
derivatives of indigo, consider that both formiffie 
are equally correct, or rather that at the moment 
of reaction the first may change into the second. 
Against Frankland’s formula it is argued 

(1) That the copper salt is blue s>r*grMii, 
whereas compounds in which ponper is united 
to carbon {e.g. copper ac^lide) are red or yellow, 
. (2) That it does not account for the existence 

of acoM and benzoyl derivatives. 

(3)^he formation of h^io-quinone di- 
carboxylic ether, abody containing two J^droxyltf 
by the action of sodium on di-bromo-aoeto-acetis 



i«r 


tetfitift 0^00.0, H^KHBz [170^] (Higgin* 
a/. 41» 183). DUata HGl at 120^ Ubentes the 
tm 1»868, wmoh are desoribed as AxiDO-BENao- 
RIBM 0 NX 8 (q , «.). 

o.BXNZOTL.PHEirKI.CABBAinC ETHEB 

OA-CO.O,H*.NH.CO,Et [189<^]. Prepared by 
the action of chlorofonnio ether on p-ainidu- 
benzophenone {Doebner a. Weiss, B. li, IS'.tO ; 
A. 210, 246). Plates. Sol. boiling' alcohol, 
boiling acetic acid, and ohloroforin, insol. cold 
water. Decomposed by boiling KOH. 

BEHZOTL PHENYL-CARBAMINE 
C.Hj.CO.CjH^.N C. Iso - ci/ano - bemophetione 

From p amido-benzophenono (10 g.), 
chloroform (8 g.), and alcoholic KOH (Doebner, 
A. 210,246). Silky needles, volatile with steam. 
SI. sol. hot wat(M', V. sol. alcohol. Split up by 
acids into formic acid and amido-acetophenono. 

BENZOYL . FHENYLENE • DIAMINE v. 
Phenylene-diamink. 

BENZOYl-PHENYL-DI-ETHYL-AMINE v. 

Dl*KTHYL-AMIDO-HKVZ<iPHKNONE. 

BENZOYL - PHENY L - DI . METHYL-AMINE 

V. DlMETnYL-AimniMlKNZOPnKNONE. 

p-DI-BENZOYL-DI-PHENYL-THIO-UREA 

SC(NH.CJI,.CO.C.IIi),. [166°J. Prepared i.y the 
action of CSj on an alcoholic solution of p- 
amido-benzophenone in presence of a little 
KOH (Doebner a. Weiss, B. 14, IH.'P.t), (’olour- 
less plates. Sol. cliloroform, si. sol. hot alcohol, 
ether, benzene and CS^; iiisol. water. 

BENZOYL-PHENYL-M ETHANE is StiNzovr,- 

PHESTL-CAUnAMIC KTIfEIl (V/, ??.). 

BENZOYL . PIPER - PROPYL - ALKElN t>. 
Benzoyl Ox y p nop v l -pi p k ni i >i s e . 

BENZOYL. PROPANE -CARBOXYLIC ACID 

C. PjIENYI/ PHOPII, KKToNK CAlinoXVMC ACIf). 

•-BENZOYL. PROPIONIC ACID C,„lf,o03 U. 
C,Hs.CO.CHMe,C(t,H. Bhcnyl ethyl Iwfone 
a-carboxylic acid. From tho ether and cone. 
JI.jSO,, the mixture Ix'ing left for ‘A weeks. It 
is an oil and gives a reddish-brown colour with 
FejCl,. Alkalis produce phenyl ethyl ketone. 

cf/icrCH^.CHBz.CO.Ft. (227'’) at 
226 mm. Formed by the action of NaOFt and 
Mel on benzoyl-acetic ether {q. v.). Aromatic 
smelling oil. Fe,Ci„ gives no colour in its alco- 
holic solution. NaOKt forms the sodium de- 
rivative CHj.CXaUz.CO. Kt. Phospliorus penta- 
chloride forms CJIyCCl:CMe.COJ‘U (Perkin a. 
Caiman, C. J. 49, 156). 

jS-benzoyl-propionic acid 
C,H*.C0.c4.Cn,.C0,H. rhcuyl ethyl ketone 
U‘Carboxylic acid. [ilO’] ; [lll-'J (liiscliolT, B. 
19, 95). 

Formation.— 1. By the reduction of benzoyl- 
acrylic acid.--2. By the action of Al 3 Cla(U pts.) 
on a mixture of succinic anhydride (1 pt.) and 
benzene (lOpts.). The produol is shaken wim 
water, when the acid remain '«^issolvedyh the 
benzene, whence it is extracted by shaking with 
KOH and ppg. with HCl (Burcker, Bl. [21 .8.5, 
17 ; A. Ch. [5] 26, 433 ; Pechmann, B. 15, 889). 
8. By oxidising its aldehyde.— 4. Its chloride 
is formed by the action of Al^Cl, u]»on a 
mixture of succinyl chloride (I mol.) and 
benzene (1 mol.) (Claus, D. 20, 1375). — 5. By 
heating benzoyl-isosuccinio acid above its melt* 
ing-point, CO| being evolved (Kues a. Poal, B, 
18, 8826). 

Pragperties. —White prisms, v. sol. hot water. 


Converted by potash-fosloa into betiaoib fthd 
propiouio aeida. Reduced by aodiom amalgam 
to 7 -oxy.phettyl-bQtyrio acid (or its lactone). 
C,p,.CH(OH).CH,.CI4CO,H. 

, Salts.— BaA',: needles. — AgA' r si. sol. 

water. 

Ethyl ether. EtA'. [.32 j ; white crys- 
tals, turned red by heat. 

Bhenyl-hydrazidfi 

C..n,.C(N.;HPIi)‘.ClI,.CH,..CO,,H. [ 66 ®]. White 
silky necdlc.«», v. sol. alkalis, acids, alcohol, and 
benzene, si. sol. other. 

BENZOYL-PROPIONIC ALDEHYDE 

C,H,.C0.CH,.(:iL.C110. (245 ). S.H.'’1 006; 

'998. Prepared by the act itm of water upon 
the compound of phenyl piejiyl kcUuio with 
CrOXL Oil, sol. ether and cldorofttrm. It 
readily reduces AgNO,, but <loes not combine 
with NallSO,. Sodium-amalgam reiluees it to 
svrupv C,il,.CIJ(()H).CH...ClI.,.Cll,011 (c. 200®) 
(Burcker, A. Ch. fr,J 26, 469 ; C. B. 94, 220). 

BENZOYL-PROPIONIC-CARBOXYLIO AOID 
V. Phenyl ktiiyl ketone i>i-CAiinoxvLic acid. 

BENZOYL-PYBOCATECHIN v. Di-oxy-henz- 

orUENoNE. 

BENZOYL PYRROL r. PyiiiioL, 

iVm/obenzoyl-pyrrol v. Pyuiiyl riiENta 

KKIONE. 

BENZOYL PYRUVIC ACID t.e. 

C,Hi.CO.CII.,.CO.CO.,H. [156’]. Obtained by 
saponitication of tho ethyl etlier. Yellowish* 
white prisms (from hot ben/em*). Blroiig acid. 
Evolves CO 3 at its luoltiiig-point. 

Ethyl ether A'Et: [43 J. Prepared by 
adding 48 pts. of acetophenone to a cooled i*olu- 
lion of i '‘2 pts. of sodium in 150 pis. alcohol, 
and then 68’4 pts. of oxalic ether. The precipU 
tatel sodium compound is washed willi ether, 
dried, dissolved in iced water, and (h-compoBod 
by CO;,aj;hen the benzoyl-pyruvic ether crystal- 
liscsout; the yii Id is 78 p.c. of tho theoretical. It 
crystallise.^ from petroleum-ether in long prisms. 
V. sol. all ordinary solvents. FOgClg gives a 
bl()«)(l-red colouration. The aqueous alcoholio 
solution gives with cuprio acetate a light-green 
j)p. of (C,jH,, 0 ,) 3 Cu, this crystallises Bom hot 
iauizene or alcohol in long green needles. By 
heating with dilute aqueous NaOH the ether is 
split up into acetophenone, oxalio acid, and 
alcohol. By boiling its acetic acid solution with 
plienyl-hydrazine it is converted into di-phenyl* 
pyruzol-fcarboxyiio ether C,HP]iN(NPh).CO,Et. 
By cold alcoholic Nil, it isconviirted into aceto* 
phenone, oxamidc, and alcohol (Lcyer a. Claisen, 
B. 20 , 2181). . 

BENZOYL-QUINALDINE o. METUTL-Qunr* 

OLYL PIIKNYL KKTONE. 

BENZOYL-BESORCIN v. Di-oxY-iiENZonn- 

KONE. , 

Di'bonzoyl-resorcin v. Dioxy-puenyleni m* 
pjirNYXi diketone. 

BENZOYL-SUCCINIC ACID. Phenyl ethyl 
ketone di - carboxylic acid. Ethyl ether 
CO,Et.CirBz.CJI,.CO,Et. (c. 206®) at 160 ram. 
From sodium-benzoyl -acetic ether and ohloro* 
acetic ether (Perkin, jun., C. J. 47, 274). 

Properiic.s. —Ihick colourless oil. Its aloo* 
holio solution gives a olaret erdour with Fe„01^ 
Cone. H,SO, forms a yellow solution turned red 
by heat. NaOEt forms a solid sodium com* 
pound. Boiling baryta water deoorapoiet It 



IbW^Nosom Aiifl 8tieobiykr>0i^^ ouuM 
HifiO* fonni benaoyl-proplonid wia.- 
IH'bmoyloitie^iiilo ftoid 


ihfi ftihflT ill ftlcoihoUc KOH and treating with J 
BaBO, (Perkin, jun., G. J. 47, 2fi5). The acid 
dissolved in alcohol gives a dark-greon pp. with 
Fe,01r Cone. 11.^80* forma a yellow Bolutiqp, 
turned crimson by heat. 

Ethyl ether CO,Kt.CHBz.CHBz.CO,Et. 
[180®]. Formed by adding iodine to a solution 
of sodium benzoyl-acetic (dher in dry ether 
(Perkin, jun., C. J. 47, 202). Crystals (from 
alcohol) ; si. sol. cold alcohol, v. sol. other. 
Cone. ll.SO^ forma a colourless solution 
tum^ red, olive-green, and finally bluish- 
red by heat. Sodium ethylate forms 
00,Et.CNalk.CNaliz.C(),Kt. In tlie alcoholic 
solution Fe./ll^ gives a red colour. lioiliiig dilute 
sulphuric acid (1:2) forma an acid proliably 
dipnenyl-fiirfurane diearboxylic acid, 0^11, 
[238®], whence Ac.jO forms an arihyilridu 
0„lli^4, 125fi ] (Baeyer a. Perkin, /{. 17, 02). 

^-Benzoyl-lsosuccinic acid v. PiinNYi, i/mvi. 
KKTONK W1>I (UimoXYLU! AOIO. 

BENZOYL SULPHIDE (C., II, .CO), 8. [48 ]. 
From lizCl and polii'^sium Ihiohen/.uate (F.rigel- 
hardt, lialsehinolT, a, Maly.'K'helT, /. iHilH, .‘157). 
Waxpr prisms, insol. wiU«’r, v. sol. ether. Am- 
monia forms lie.nzamide. and ammonium Ihio- 
benzoate. Alooholic KOH fi»rms KOH/. and 
KHBz. Alcoholic KSH forms KSl;.'.. 

Benzoyl diaulphido (CJI.Cd) S,. Mol.w, 
274. ll'JH-'J. Formed from C,ji,.C(),SlI hy 
Htmospherie oxidation of its solutioii in (’S, 
(Cloc/., A, llA, 27), or by Ireiifmeol \vilh iodine, 
Fo,Cl,j, or UNO,. Al.'>o. foiV'tlu r aitli P/.,S, hy 
wanning I’./Cl with I'liH and ether (.Mosliiu', .t. 
118, JUH). When heated :il»ovo it.s melting- 
}K)int it turns violet. Prisms or tal^hi.s (from 
CH.J, si. m\. lioiling etlu r and aleohiTl. Insol. 
water, Nn,A(|, ami K0I1A(|. Alcoholic Koll 
forms KUli/. and KSUz. Alcoliolic KllS forms 
K8Bz. 

BENZOVL 80LPH0CYANIDE {’..H.CiJSCN. 
8.0. From If/.Cl and Phi.SCN), in the 

eold (Miguel, if. (7i. I.*)] 11, :t00), Pungent 
liquid. l)ei’omi)o«ed by boiling water into 
benzamido and CCS. On long alanding it de. 
posits nn isomoride which is d4c.'m^»o^;cd 

^ water at 2UU'’ into NH,, benzoic acid, and 

' BENZOYL. TARTAKIC ACID e*. Taktauio 

A0tt>. 

BENZOYl-TEREP;iTHALIC ACID v. Bknz*>- 
niZNoNE mrAunox\),u’ aciu. 

BENZOYL THIOARSENlf E C,,H„AsS/), i.c. 
A8 (SPz)j,. I17'd''l. From F>zCl and As.^Sj. An 


n^ei; T^ioL !<»* 

EOHAq fonus EOBz, KSON, aieoholt CO„ KBw 

and H,S. Heated alone it gives benzonitrUet 
CO, and mercaptan. Salt-— BzNBLOO.BBt: 

needles. » 

BENZOYL THIOCYANATE v. Benzoyl 

SULPHOCYANIDB. 

BENZOYL-THIO-UBEA v. Tino-uiiEA. 
BENZOYL-THYMOL v. Thymol. 
BENZOYI-TOLUENE-SVLPHAMIDE v. Ton- 

OENB BULPimNIO ACID. 

BENZOYL-TOLUIDE v. Toluidine. 
BENZOYL-TOLDIDINE -IMIDE - CHLORIDE 

V. «-CnLOIlO-HENZYLlI)ENE-TOLmr)ENE. 

BENZOYL- TOLYLENE- DIAMINE v. Ton- 

YLENK-niAMINE. 

BENZOYL-TROPElNE v. Tuopin. 
BENZOYL-UREA v. Urea. 
BENZOYL-URITIC ACID v. Phenyl tolyl 

KETONE DI-CARBOXYLIO ACID. 

o-BENZOYL-VALERy: ETHER u. Propyl- 
Benzoyl-acetio ether. 

i BENZOYL-XYLENE v. Phenyl xylyl km- 
1 TONE. 

BENZOYL-XYLIDE 7,'. Xyuoine. 
(a)-BENZ-PINACOLINE C.Jl..„0 i.e, 

C<-C.,IIj 

I >0 (?) [-’04®]. 

C,.1I,-C/C,H, 

Ti tni-jihnnjl-etluiU’uc oxide. 

Formation. - 1. Together with the ()8) -modi- 
fication hy boiling a 5 p.c. alcoholic .solution of 
l)cnzophenone with zinc and llCl (Thorner a. 
/.incke, H. 11, b.")).— 2. Together with benz* 
piuacono by heating an alcoholic solution of 
ben/'.ojdienoiie witli zinc ami IT,, SO, (Thorner a. 
Zinckc, B. IJ, FllH)). 2. I’.y tin? uclion of zitic- 
duiit on an ethereal ri.lidion of acetyl chloride 
(1 niol.) and Itenziiplit in'in; (1 mol,). If the 
acetyl chloiido Ls Used in < .Kcefrf the (a)-bonz. 
pinaeoUne first formed i.s convcrte.l into tho 
^ (ii)-ben7..pinaooline (Pital, />’. 17, '.111).— 4. By 
the oxidation of tetra - nlienyl -ethylene with 
chromie mi.xtnre (ludir, U. 0 , 277). 

Froprrtir^. N.edles, Ahnnsi insoluble in 
cold alcoind and in cold acetic acid. 

; litwhonfi.- By ac‘ tyl chloride, HCl or 
1I..SO,, it i.s (?Mnvert(!d into the (di-modification. 
2. By heating with sotla lime it gi\c.s a hydro- 
j carht)!! [2H j which is pos.sibly tetraphenyl- 
j Pthyleue. o. By CrO, and acetic acid it is 
I oxidi- vd to hcnzi^phenone. 

1 (H)-Beaz-pinacoline (CJT,),C.CO.CJr ri79°l 
I (T.n. Z.); [182®] (Zagumenny). ■* 

I _ By boiling a concentrated solu. 

tion of Im ri/.opficnoue i.i nlcoliol with zinc and 


amuiouiacal Kelutum givi a with lIgClj,a pp. of . ftCl for 20 hovrti (Tlmrm r a. /iiicki , B. 10, 
HgfbHz). (iJaYman, ii7. 47, SlHl). llTAvll, 2. Frtuu bcnzpinacone and 

BENZOYL THIO-CAKBAMIC ACID | AcCl or B/.Cl (Liunomaun, A. I'M, 2.8).^. 3. 

CjH.NSO^. Methul ether Bz.NIl.CO.S.Mo. j From benzpinacone and dilute IFSo, or HOI at 
P?®]. Frombi uzoylsulphooyanide and methyl 200®. It is even slowly formed by repeatedly 
Moohol (Miguel, /. Ch. ["O *11, :io0). f?b‘nder | rcerystallisiug bon/.pinacoiio from hot alcohol 
UMdlez (from dilute alcohol). 81. sol. water, v. j (Z.). 1. From (ol-beu/pinacoliue by healing 

•0I. alcohol. Water in largo excess at 100® j with AcCI. HCl, or H SO4. 
forms BzNH., methyl alcohol, H.jS, and CO,.! P7Y7M u/uw. HCUq is added to a saturated 
BzNNa.CO.SMe, From the ethereal solution of bonzpinaeone in HOAc until a tur. 

MoONa, biditj appears. Tho mixture i.s boiled 4S 

r<4']. From ; minutes, with gradual addition of HCUq (liagQ. 


J ; or from alcohol, BiOl, and ^ lacuny, Bl. [2] 84, 339; 85. 560), 
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: etiuMT. Wb indioates ihd presence of Hydtoeiyl 
in di-bromo>ao6to-aoetio ether. 

(4). l^he action of ami^nia, and especially of 
di-etibylamine. 

In favour of Franklaud’s formula may be noted 
the compounds withNaHSO,, plienyl-hydrazinD, 
and hydroxylamine. ^ ^ 

The action of sodium upon aceto-acetic ether 
would be represented by Franklaud’s formula, 
thus : 

CH,.CO.CH..CO,Et+Na=iCn,.CO.CNuH.CO.Kt+n. 

Ethyl iodide converts the product into ethyl- 
aceto-acetic ether: 

0n,.O0.02faH.C0,Et + EtI = C H,.CO.C KtlLCO.Et + NuT 
These two reactions may be repeated upon the 
ethyl-aceto-acetio ether : 

CII,.CO.OKtU.COaEt + Niv= ClT,.CO.CEtNai.CO,Et + IT 

Cn,.OO.OEt Na.COaEt 4- EtI = OH,.0().CEt,.CO,Et + NuT. 
Adopting Geuther’s formula, the four equations 
become : 

0H,.0( OH)K::n.CO,Et +Ka= On».C( ONti ) :CIT.CO Jit +n 
CHa.C( ONa)K:iT.CO.,Et +EtI = C U,.C(0 Kt) ;OJ I.CO,Et + .Nul 
0H,.0(0Bt) rCH.CO, Et + Na-- ClTa.Cf O Kt) :C Nu.CO^Et + H. 
CH,.C(Ofi.):CINa.CO,Et+EtI=Cn,.C(OEt):CEt.CO„Kt+NaI 

It will be seen that the third and fourth equa- 
tions are similar to the first and second on 
Frankland’s hypothesis, but different in kind 
to the first and second if Gcuther’s liypothcsis 
be accepted. Such a difference is not borne out 
by experiment. Thus if it be held that the 
action of sodium upon aceto-acctic ether depends 
upon its affinity for oxygon, the third equation 
presents a difficulty. And if wc suppose that, 
owing to some intra-molecular change, the third 
equation ought to be written thus : 

Cn,.CX OEt ) ;CH.CO.,Et + Na - C [I ,.C( ONa) :C Rt.COaEt + IT 
then by the action of acetic acid on the product 
we ought to get an ether CH3.C(OH):CEt.CO;.Et 
isomeric, not identical, with cthvl-aceto-acctic 
ether, CH3.C(OEt):CH.CO,Et; but the two ethers 
are found to be identical (James, C. J. 47, 1). •In- 
asmuch as the change of CH3.0(OII);CEt.COaEt 
into CH3.C(OEt):CH.CO.,Et would be contrary 
to all analogy, it is necessary, if wc adopt 
Geuther’s formula, to nssnme that the mode 
of formation of di-ethyl-aceto-acetic ether is 
something very different from that of ethyl- 
ac|tO'acetic ether. Again Geuther’s formula 
would make methyl-ethyl-accto-ftcetic ether, 
OHg.C(OEt):CMe.CO.jEt and ethyl -niethyl-acuto- 
aoetia ether, CH3.C'(0Mc);CEt.C02Et isomeric, 
yet this does not appear to be tlie case (James). 

It may be said that there is some improba- 
bility in the assumption required by Franklaud’s 
formula, of direct union between sodium and 
carbon^ but such a union is known to occur in 
0O^um acetylide^and sodium etliide, and it is 
very probable in many cases, such as sodio- 
malonic ether, sodium nitro-ethane, and sodic 
barbiturate. In order that hydrogen attached 
^ carbon may ba ^displaceable by metals, it is 
necessary that very powerful chlorous groups 
should also bo attached to the carbon, such as 


.the nitroxyl in nitro-ethanc. One carbonyl, CO, 
is nol sufficient to produce an acid, but two are. 
Thud t^e hydrogen in the group CO.Cn2.CO is 
diaplaceable iw metals, as in barbituric acid, 
.ll>H.COv 

CO<f >CH2. t 


These considb&tions account for the acidity of 


•Ceto-a^tio ether, if we assume Frankland’s 


tontUa CH,.C0.CH2.C0.0H. 


Althou^ the exisienoa of i^tvl-aeeiooadsUo 
ether favours Geuther's n^othesis, yet the fact 
that this body Is a strong acid is wholly opp^ed 
to that view, and is very much better explained 
by thi formula OH 3 .( 5 o.OH(CO.aH,).OO.OEt, 
since if two carli)nyls can maxe the group CI^ 
acid, d fortiori three carbonyls can have a simi* 
lar effect. ^ ^ 

The formation of ethyl and di-ethyl-^acetone 
from ethyl-aceto-acetio ether and di-ethyl-aceto- 
acetio ether respectively cannot be explained 
on Geuther’s hypothesis. 

If, therefore, we have to choose between one 
formula and the other, the balance of evidence 
would indicate CH3.CO.CH2.CO.^t. 

Methyl aceto-acetate CiHgO, i.e. CH.,Ao.C0.2Me 
(170'’ cor.) S.G. a 1*037 (Bmndes, J.Z. 3, 25). 
From sodium and methyl acetate. Gives a cherry- 
red colour with Fe^Cl^. Jloiled with acids or strong 
bases it gives CO2, acetone, and MeOH. 

SaZfs.— CH3.C0.CIINa.002Me. SI. sol. ether. 
— Cii(C5H,03)22aq. Separates on adding cupric 
acetate and baryta water to the ether as pale 
green crystals, insoluble in alcohol. 

Iso -butyl aceto - acetate 0^11, lO, t.s. 
CILAc.CO.CJIy {W2^-2QG°) S.G. ‘979; sa.932. 
From iso-butyl acetate and sodium. 

Iso -amyl aceto-acetate CoHjgO, i.e. 
CrLAc.CO.AH„ (223”) S.G. {2., *954. From 
iso-amyl acetate and Na (Conrad, A. 186, 228). 
Converted by Cl into an oily di-chloro-dorivative 
(Conrad, *4. 186,213) and by NH3 into the imide 
of aceto-acetate of iso-amyl [190 -195”] (Collie, 
A. 2-26, 310). 

ALKYLATED ACETO-ACETIC ETHERS. 
Sodium aceto-acctic ether is converted by alkyl 
io<lides into mono-alkyl aceto-acctic ethers, 
CIIg.CO.CXH.COoEt. The sodium derivatives 
of thcsl are in like maijner converted by 
alkyl iodides into di-aikyl-acoto-acetic ethers, 
ClIj.CO.CXY.CO.Ft. Such ethers are of great 
service in organic syntheses, for they are split up 
by weak alkalis into carbonic acid and mono- ot 
di-alkyl acetones : CH,.CO.CXY.CO.,:i-]t + 2KOH * 
CH,.CO.CXYll t HCff-U +KXO.,, and by strong 
potash intf) mono- or di-alkyl-acctic acid and 
acetic acid : Cll ,.CO.CXY.CO.,Et 2KOH- 
CH3.CO2K f HCXY.CO,K -f HOEt. 

In practice tlie ketonic and acetic decompo- 
sitions l>ot]i occur, at the same time, but th« 
acetic decomposition increases with the con- 
centration of the alkali (YVisliconuB,/1.206, 308). 

rrqviraiion. - Tho alkyl -acoto-acotio ethers 
are prepared by dissolving tlic calculated quan- 
tity of sodium in 10 times its weight of al^solute 
alcohol, cooling, adding the aceto-acetic ether 
and then the alkyl iodide until the liquid, which 
may bo warmed, if necessary, is neutral to 
litmus. The greater part of the alcohol is then 
distilled off and water is added.* •This dissolves 
the Nal and the new ether rises as an oil and is 
fractionated (Conrad a. Liinpach, A. 192, 164). 

A. With one monovalent hadicle. 

Methyl - aceto - acetic Acid C 3 H 3 O, f.e. 
CH3.CO.CHM0.OO2H. A liquid which 

splits up on warming into CO,, and methyl 
et^l ketone fCercsole, B. 16, 1874). Its barium 
saW is soluble and gives a violet col 6 ^ vith 
FejOL. Nitrous acid forms iso-nitroso-n^pthyU 
ethyl-ketqne. 

Mtkir OE^OO.CmUOO^ 



Acm. 


\ (Bnlttdeg, Z. 1866 » 
4581* . From godiuitt aoeto-aoetate oi methyl 
and Mel. Smellfl like mint. Gives a violet<red 
colour with FeXl,. ^ ^ 

JBIihyl CH;CO.CHMe.CO^qi86*8^ 

|Cor.) (Geuther, Z. 1808, 6). S.«. ^ 1-009. Gives 
a deep blue colour with F^Clj. 

Jieacti(y)is» — 1. Sodium amalgam gives an 
oxy-vaTerio acid CH»CH(OH).CHMe.CO.,H.-2. 
Poiash forms methyl-ethyl ketone, alcohol and 
K^^COa.— 3. PCL gives chloro-methyl-crotonic 
acid [69*6®] (206*) (Kucker),chloro-methyl-aceto- 
acetio ether, C^H^ClOa (180°) S.G. 1-093, 
smelling of peppermint, and di-chloro-methyl- 
aceto-acetio ethS|, (210*-220") S.G. 1-225 
(Isbert, A. 234, tfS). — 4. Sodium and cyanogen 
chloride form^|<i^ano-metliyl -ace to -acetic 
ether CAoMeCy.COaEt (c. 93°) at 20 mm. S. G. 
aa *996. It is a colourless liquid iiisol. water and 
alkalis (Held, 0. B. 95, 522 ; Bl. [2] 41. 330). 

Acetyl, derivative C^HuO^ i.c. CMcAc^CO Et. 
Methyl-^iacetyl-acetic ether ^ (20r)°-220°). From 
methyl-aceto-acetio ether in ethereal solution 
and AcCl (James, A. 226, 219, C. J. 47, 1). SI. 
Bol. water. Coloured raspberry red by Fe.C^. 
Does not pp. cupric acetate, even on addition of 
•dilute NaOH. 

Ethyl-aceto-acetio acid. 

Methyl ether CHa.CO.CEtH.CO,Mo (189-7* 
cor.) S. G. ^*99.5 (Brandos, Z. 1806, 457), FcaCi,, 
gives deep violet colour. Cone. forms an 
oil O^HjaNO.^, the imide of etliyl-aceto-acctato of 
methyl insoluble in water, and also silky needles 
[83^3 of a soluble amide (probably CuHnNOa see 
below) (Brandes, Z. 1866, 457). 

Ethyl ether ChHuOs i.e. CAcEtTI.CO.^Ht 
(198° cor.) S.G, -998 (G.) ; ^ -983 (P. D.) 
(Geuther, Ar. Ph. [2] 116, 97; Frankland a. 
Dup^Jh, 0. J. [2] 4,^90; Wislicenus, yl.f 86, 187). 

Preparation.— Xcoio-acciic etlier is di.ssolved 
in benzene and four-fifths of the calculated quan- 
tity of sodium added, then EtI, and the product 
rectified. The aceto-acetic ether recovered in 
treated with the remaining fifth of the sodium. 
Yield 70 per cent. (Wedel,^l. 219, 100). 

Properties.— h.u oil. Coloured blue by FeXl,j. 

lieaclions . — 1. Kediioed by sodiiun (uuahjaui 
to an oxy-hexoic amd,Cir;,.CH(OH).CnEt.C 05 tH. 
2. Boiled with or weak alcoholic KOH, it 

gives methyl propyl ketone. — 3. Boiled w ith cone, 
alcoholic KOH, or heated with dry NaOEt, it gives 
n-butyric acid and ac.etic acid, or their ethers. — 
4. Treated with NaOEt and c7jano(jen chloride 
it forms cvano-eihyUaceto-acetic elhcr^ 
CH 3 ,CO,CEtCy.CO,Et (c. 105°) at 20 mm. S.G. 
^ ‘OTC. A colourless liquid with agreeable odour. 
Insoi. in water or alkaline solutions, miscible 
with alcohol or ether (Held, C. B. 98, 522, BL 
[2J 41, 330).— 6. Bromine acting on an ethereal 
solution fornftamono- di- and tri- brojio-etiiyl- 
ACETO-ACKTIO BTllEll ((/, V.). — 0. FClj givCS lliono- 
and di- chlobo-bxuyl-acbto-aoetic ExirER, and 
only one oHLOBO-ETHYL-cnoTONfc Acu) (q. v.) 
(Isbert, A. 234, 183).— 7. Benzoic aldehyde 
and HCl form«gvn ^6 bonzylidene-ethyl-aceto- 
acetio ether or oinnamoyl-ethyl-aoetio ether, 
Ph.CH:CH.OO.CHEt.CO,Et (210°) at 22 mm, 
Coaver 4 bd by NaOEt and Etl into cinnamo^-di- 
ethyl-acetic ether. — 8 . Cone, aqueous ammonia 
: foipis two amides, one soluble in wate%G«H„NO„ 
. tifa ot&r insolttblot C„H,^NOg. Thc^ are formed 


in equi-moleonlar quantities t the oily insolnblt 
amide crystallises when cooled. On distilling 
the soluble amide doelbot pass over with steam. 

insoluble amide imide of ethyl- 

aoeto-acetio ether CHj,.C(NH).CHEt.CO.JEt or 
§IH,.C(NH,):CEt.C02Et [59-5"]. Monoclinic 
tablets (from alcohol), smcUing of peppermint. 
Decomposed by water, or dilute acids, into NH^ 
and ethyl-aceto-acetic ether (Geuther, Z. 1871, 
-217). 

Soluble amide CaHjiNOj i.e. CAcIIEt.CONH^ 
[90 ]. Needles (from water, alcohol, or ether). 
May be sublimed. May be obtained from the 
preceding body by heating with water at 135°. 
On dry distillation it. gives NH 3 ,CO.^ and methyl 
propyl ketone. The latter body is also formed 
by heating it witli water at 200°, with boiling 
aqueous HCl, with CaCl., ZnCl;, PaOa, or PClj 
(Isbert takes it to be di-elhyl ketone). Heated 
with dry KOH at 100° it forms butyric and acetic 
acids (Isbert, A. 234, 170). 

NaZ/s.-CHa.CO.CNaEt.CO.Et. Formed by 
adding sodium to a solution of ethyl-aceto-acetio 
ctlier in dry ether or benzene (3 or 4 vols.) (J. W. 
James, C. J. 47, 1). Also by shaking an ethereal 
solution of the ether with perfectly dry NaOH 
(Elion, B. 3, 234). It is amorphous. V. sol. 
ether. A little water added to its ethereal solu- 
tion forms a pp. of CHj.CO.CNaEt.CO^Et aq, 
insol. ether or benzene, but sol. water or alcohol. 
Acetic acid re-converta tho sodium salt into 
ethyl-aceto-acetic ether (v. constitution of Aceto- 
acetic F.TUEU). 

Ethyl aceto-acetic ether forms no copper 
compound. This is thought to favour the fot^ 
mula CH 3 .C(OEt): CII.CO.jEt. 

Iso-amyl ether CIIs.CO.CHEt.COjjCjH,, 
(233° -236°) S.G. f?.;, ‘937 gives no colour with« 
Fe..Cla (Conrad, A. 186, 228). 

Acetyl derivative CH^.CO.CAcEt.CO.^Et,, 
Elhiil-di-acctyl-acetic ether (c. 230*') ; (144°- 
150°) at 50 mm. S.G. 1-034. From 
1 CH.,.CO.CNaEt.CO,Ji:t and AcCl (E)iou, B. 3. 
265). Liquid. Insol. KOHAq. Gives no colour 
with Fe.^Clo. Alcoholic NHj converts it into 
acetamide and CH,,.CO.CHEt.CO.,Et. 

AUyl-a«to- acetic Ether CJIj^Oa i.e.. 
CH 3 .CO.CH{C 3 H,).CO.,Et (206°) (Zeidler, A. 187,. 
i a:)) (211° cor.) at 720 mm. (Perkin, C^J. 45^ 
540). S.G. f?., -982 {Z.) ; *993 ; '985 (P.). 

From sodium accto-acetic ether and allyl iodido; 
{Z.; Wolff, A. 201, 46). From aceto-acetio 
ether, allyl iodide, and zinc, di-allyl-aceto-aceticf 
ether being also formed (0. Hofmann, A. 201, 77). 

Iteactions.—l. FeXl,; givA a crimson colour. 
2. Boiling alcoholic KOH forma CO,, and allyl- 
aeetoDC.— 3. Dry NaOEt at 15()°-1C0° gives ethyl 
acetate and allyl-acetatc.- 4. Sodium amalgam 
forms an oxy-heptenoio aciff, 0 

CH3.C(0n)H.CH(0,H3)C0.3H. 

Propyl -aceto-acetic Ether 0»H,«O, *.«. 
CH,.CO.CHPr.CO.^t (209°) S.G. 2 *981. From 
aceto-acetic ether (153g.) by adding first | solu- 
tion of sodium (27g.) in dry alcohol (270g.) aii< 
then PrI (206g.) (Burton, Am. fif^S). Decom- 
posed by aqueous KOH 4nto COj, alcohol, and 
tnethyl butyl ketone. 

Iso-fropyl-aceto-acetic Ether GgH,sO, 
CHs.CO.CPrH.CO;et (201°) at^^lfi mm. S.G.* 
•880, P^om sodium aceto-acetic ethe»and iso 
propyl iodide (Frankland a» Puppa, A, 145, 78^ 
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Coloured p«le reddish-Vlolet by Fe,CL (Dc^- 
W,JB^.27,22I4). ^ i-iv 

^ Iw-bntyl-a«etd-aoetft Ether 0,oH,,0, t.e. 
ftr.OHjCHAc.COj^t (218°) S.G. IL? *951. From 
sodium aoeto>ac6tio ether and iso-butyl* iodide 
(Bohn, A, 190,^ 806). Decomposed by baryta 
^ying methyl iso-amyl ketouO* and iso-butyl- 
acetie (hexoic) acid. 

Heptyl-aceto-aoetio Ether OjaHa.O, i,e. 
CH,.C0.CH(0,H,a).C0aEt (272°) S.G. -9324. 
From sodium aceto-acetio ether and hoptyl 
iodide (Jourdan, A. 200, 105). Colourless oil. 
Decomposed by dilute alkalis into methyl octyl 
ketone and COj; and by cone, alkalis into 
acetic and n-ennoic acids. 

Secondary Heptyl-aceto-acetic Ether (250°- 
260°). Prepared similarly from secondary heptyl 
iodide (Venable, B. 13, 1()51). 

Octyl -aceto-acetio Ether Cj^H. ,A 
OH,.CO.C(CsH„)H.CO.Et (281°) S.G. -9351. 
From octyl iodide and sodium aceto-acctic ether 
(Guthzeit, A. 204, 1). Decomposed by alcoholic 
EOH into methyl ennyl ketone and decoic 
acid. 

Benzyl -aceto-acetio Ether i.e. 

CH,.CO,CH(CHjPh)COoEt (276°) S.G. 1-036. 
From sodium aceto-acetic ether and benzyl chlo- 
ride (Ehrlich, 5. 7, 690 ; A. 187, 12 ; Conrad, B. 
11, 1066), Sodium amalgam gives exo-oxy -phony 1- 
valerio acid CH 3 .CH(On).CH(CH,Ph).CO,Et. 
Alcoholic KOH forms phenyl -ethyl methyl 
ketone. 

B, With two Dt-valent Radicles : 

Ethylene-aoeto-acetlo Acid. 
OH,.CO.C(C.^l^).C 03 H. From the ether by 
saponification. Liquid. Decomposed by heat i 
or by dilute acids into tri-methylene methyl 
ketone 

CHj.CO.CH^ I and CO.,. 

\CH.. 

Salt-AgA.'. 

Kthyl ether. — EtA' (193°-.195°). From aceto- 
acetio ether (26g.) by adding a solution of sodium | 

g .) in alcohol followed by ethylene bromide 
g.) The liquid is boiled for^-eight hours, j 
3red, and distilled. The residue is boiled for j 
twelvi hours longer with a solution of sodium I 
(5g.) in alcohol, evaporated, and treated with ^ 
water. The ether is extracted by ether and 
dried over K/! 03 (W.n.Perkin,jun., C.J. 47,834; i 
B, 1C, 2136; 19, 1247). It reacts with phenyl- i 
hydrazine, forming an oil. j 

Ethylidene-ac^to -acetic Ether. I 


CH,.CH:CAc.CO.,Et (210°-212°) S.G. 15 1.023 
By passing HCl into aldehyde (1 pt.) mixed with 
aooto-acetio ether (3 pts.) (L. Claisen a. F. H. 
41atthews, A. 218, f72 ; Claisen, B. 14, 34.5). 

Pungent ethereal oil. Miscible with HgSO^. 

Buttons, — 1, Hot pota.sh decomposes it, 
forming aldehyde. — 2. Combines with bromine. 

‘^L-ohloro-ethylidene-aceto-acetic Ether. 

Ct}l,.CH * CAo.COjEt. S.G. 15 1-342 

From chlttAl, aceto-acetio ether and AcoO at 
160°. (Claisen a. Mrfithews, A. 218, 176). 

Thick oil. Decomposed by heat. 

- Propylene-aceto-acetio Acid. 



From the ether by** aaponifioatiou. Oil 
Forms an amorphous silvelr salt, AgA'. 

Ethylether (210°-216°) at 720 mm. Aceto- 
acetio ether (26g.) is heated with sodium (4'6g.), 
dissol^d in dry alcohor and f>mpyliene bromide 
(40g.) at 100°. ^After two days tlie tubes ara 
opened and a fresh quantity of alcoholic NaOEt 
(from 4*6g. sodiumj^is added, and the tubes 
heated agajn at 100° (Perkin, jun., B. 17, 1448). 

TrUnethylene Bromide acts on aceto- 
acetio ether in presence of NaOEt, but the 
product C^Hj^Oj (V.D. 0-21) is not tri-methylcne- 
aceto-acetic ether, for its boiling point (223°) and 
molecular magnetic rotation, 10*195, are both 
too high, and it docs not react with phenyl- 
hydrazine. It is, however, the ether of a crys- 
talline acid which splits up on distillation into 
CO.^ and CgH,„0, and on boiling with water into 
CO., and acetyl -butyl alcohol. The acid isprobably 
.C(CO.,H):CMe 
ciL<; * I 
\CH„.CH..O 

(Perkin, jun., B. 16, 208, 1789; 19, 1247, 2557). 

Iso-butylidene-aoeto-acetic Ether 
(CH3).,Cn.CH:CAo.CO.,Et(219°-222°). 

From isobutyric aldehyde, aceto-acetic ether 
and TTCl (Claisen a. Matthews, A. 218, 174). 

Liquid smelling of peppermint. 

Iso-amylidene-aceto-acetic Ether. 
(CH,)..CH.CH.,.CH:CAc.CO..Et 
(237°-241°) S.G. 15 . 901 . From valeric aldehyde, 
aceto-acetic ether and HCl (Claisen a. Matthews, 
A. 218, 174). 

Benzylidene-aceto-acetio Ether 
Ph.CH : CAc.CO-,Et (a-accto-cinnamio ether), 
[GO '] (180°-182°) at 17 mm. (296°-297°) at 760 
mm. From aceto-acetic ether, benzoic aldehyde 
and gaseous HCl at 0^. (Claisen a. Matthews, 
A. 218, C 77 ) 4 or 6 sided tables (from alcohol); 
trimetric, a : b : c = -447 : 1 : *962. Colourless oil, 
solidifying very slowly. V. sol. chloroform, m. 
sol. cold alcohol, ether, glacial acetic acid or 
CS.., V. si. sol. benzoline. Insoluble in aqueous 
KOJI. H,SO, forms a bright yellow solution 
which, on warming, nccomes very dark red. On 
pouring this solution into water a white pp. 
is formed, and on adding NaOH this dissolves, 
forming a violet solution. 

7?cac/inn.'?.— Bromine in ether forms a di- 
bromide [97°]. This forms short needles (from 
benzoline). 

Theory of the ProcM.9.— Benzoic aldehyde 
probably first combines with IlCl forming 
Ph.CH(OH)Cl, and this reacts with aceto-acetio 
ether thus : 

Ph.CIICl(OH) + CHAc-COjEt ' 

H.p + Ph.CHCl.CHAc.CO,Et. 

Two compounds of this formula may be isolated 
before distillation, one forms prisms [41°], the 
other small rhombohedra or <>fticUnio tables 
[72°] (both from benzoline). They are both 
unstable, giv^g off HCl. One of them has pro- 
bably the formula Ph.CHCl.CHAc.CO^Et and 
decomposes into HCl and Ph.CHtCAc.COjEt, 
which recombines with HGik iarming the other 
Ph.CH^.CClAc.CO.^Et. On distillation both pro- 
bajilygive HCl and benzylidene-aceto-acetic ether, 
^enzylidene-ethyl-aoeto-acetio Etbft 0 
Ph.OH:OH.CO.OHEt.C03Et 
(205°-22(^ at 22 mm. (Cinnamoyl-ethyl-afietie 
ether). Worn benzoic aldehyde, ethyl-aoeto* 





acotio etlieTi and EOL Yield small (Glaisena. 
Matthews, A. 918, 184). 

Bensylidene^i-ethyl-aceto-affetteSthiff 

Ph.OH:OS.CO.CE VCO.;Et t 
% i^ofination,-^a) From the above, 
NaOEt, and Etl.— -(2) From benzoic aldehyde,® 
di-ethyl-aceto-acetio et^r, and HCl (C.M.). Tri- 
cUnip prisms (from benzoline). V. sol. ether 
or chloroform, m. sol. cold alcohol or benzoline. 
Dibromidc [66®]. 

Farlhral-aceto-acetio Ether 
(C5H,0)"CAc.C0,Et 

[62-6°]. (189°) at 30 mm. From furfur-aldehyde, 
aceto-acetic ether, and ACjO at 1(50°. (Claisen 
a. Matthews, A. 218, 176.) Trimetric crystals, 
a : b : c = *439 : i : ‘466. V. sol. alcohol, glacial 
acetic acid, chloroform, and benzene. M. sol. 
ether, si. sol. benzoline. 

C. With two MoNOVAiiENT Radicles. 

Di-methyl-aceto-acetic Acid 

i.e. CIl3.C0.CMe,.C02H. 

From the ether by dissolving in cold dilute 
(2J per cent.) aqueous KOH, setting aside for a 
day or two, then acidifying with H2SO4, ex- 
tracting with other, evaporating the ether, and 
triturating with RaCOa. The crystalline barium 
salt, BaA./, is decomposed by dilute H.SO4 (Cere- 
sole, J5. i6, 1871). Very hygroscopic crystals, 
which slowly split up into CO„ and methyl iso- 
propyl ketone. The barium salt gives a browm 
colour or pp. with FeaClg. It reduces boiling 
silver nitrate. 

Ethyl Ether 

ChKi .C, i.e. CHa.CO.CMca.COaEt 
(184°) S.G.i^i*991. From sodium methyl-aceto- 
acetic ether and Mel (Frankland a. Duppa, A. 
138, 328). Potash or baryta splits it up into 
alcphol, COj, and methyl iso-propyl ketone. 

Methyl-ethylWiceto-acetio Ether® 
CH,.CO.CMeEt.CO..Et 

(196° uncor.) {J.) (201° i. V.) ‘(Wislicenus, A, 
219, 308). S.G. y’.j *947. From sodium ethyl- 
aceto-acctic ether and McI (Saur, A. 188, 257) ; 
or sodium mcthyl-accta-acetic ether and EtI 
(J. W. James, A. 226, 209; C. J. 47, 1). Oil. 
FejjClfi gives a violet colour. Distilled with dry 
NaOEt it gives ethyl acetate and ethyl methyl- 
ethyl-acetate (or valerate). 

Hethyl-allyl-aceto-acetic Ether 
C,„H,A i.e. CH3.CO,CMe(C3n,)CO,Et 
(0. 209°-2il ). From allyl-accto-acctic ether, 
Mel, and NaOEt (James, C. J. 47, 3). Pleasant- 
smelling oil, miscible with alcohol, ether, or ben- 
zene. FcXlg gives no colour. The same body 
may be got from raethyl-aceto-acetic ether, allyl 
iodide, and NaOEt. 

Methyl-propyl-aceto-aoetio Ether 

i.c. CH,.CO.CMePr.CO,Et 
(214°) (L.K.l ; (210°) (J.). S.G. *959 (L.K.) ; 
Y *9676 (J./! From methyl-aceto-acctic ether, 
NaOEt, and PrI (Liebermann a. Kleemann, B, 
17, 918) or from propyl-aceto-aqptio ether, NaOEt, 
and Mel (E. J. Jones, A. 226, 287). 

l)i-ethyl-aceto-aeetio acid 

0H,ieO.C(C.,H,)j.CO.^. 

Thick colourless liquid. SI. sol. water. 

Pttparation. — Di-ethyl-acet-acetio eGier if 
Wfc the cold for several weeks with*0 p.c. 
ftqueouB KOH. After removing the unaltered 
ether, the product is acidified an(^#stracted with 
ether, and the acid purified by conversion into 


^e baiKum salt, acidi^ng the latter, and again 
extracting with etto. 

Reaxitions.—li TOodmposes very slowly in the 
cold, but on heating to 60° it rapidly evolves 
CO2, forming di-ethyl-acetone. The latter body 
is also form^ by distilling the barium salt'. 

Salts .— etsily soluble white micro- 
scopic crystals.— A'jBa 2aq; transparent prisms, 
rotates on water (Ceresolc, B, 16, 830). 

Ethyl ether C,oH„0, i.e. CH3.CO,CEt2.CO.,Et 
(218°). S.G. ^ -974. From sodium ethyl-aceto- 
acetic ether and EtI (Frankland a. Duppa, A. 
138, 211 ; James, A. 226, 205). From Cl.COjEt, 
Na, and EtI (Geuthcr a. Matthey, J. pr. [2] 6, 

Bead ions. — 1. With hot aqueous baryta it 
gives di-ethyl-acetone.— 2. Distilled with dry 
NaOEt it gives di-ethyl-acetic (hexoic) ether, 
acetic acid, and sodic di-cthyl-acetato.— 3. PClj 
gives mono- and di-chloro-di-ethyl-aceto-acetio 
ether and chloro-cthyl-crotonic ether (James, 
A. 231, 235).~4*. With benzoic aldehyde and HCl 
gas it forms some C^Hj.CHXH.CO.CEtj.COJEt, 
cihnamoyl-di-ethyl-acetic ether. Crystals, 
[102°], (200°-205°) at 3 mm. Easily soluble in 
ether and chloroform, slightly in cold alcohol 
and in light petroleum (Matthews, G. c7'.43, 205), 
Bromine in chloroform forms a di-bromide, 
[55°]. Prisms v. sol. alcohol and light petroleum. 

Di-allyl-aceto-acetic Ether 

C,2H,„0, i.e. CH,.CO.C(C3H3)3CO.;Et 
(240°). S.(l. *948. From sodium allyl-aceto- 

acetic ether and allyl bromide (Wolff, A. 201, 45), 
From aceto-acetic ether, allyl iodide, and zinc 
(0. Ilofmann, A. 2t)l, 77). Colourless oil, with 
faint, peculiar odour. Insol. water, sol. alcohol, 
ether, or benzene. Boiling cone. KOHAq forms 
di-allyl-acotone, or methyl heptinyl ketone, and 
*di-allyl-acctic acid. 

Di-propyl-aceto-acetic Ether C.oHjjO, i.e, 
CH3.CO.CPr,.CO,Et (236°). S.G. J *9585. From 
sodium propyl-aceto-acetic ether and Pr)^(Burton, 
Api. 3, 386). Alkalis split it up, ^ving di- 
propyl-aceto-acetic ether and di-propyl-acetone 
or methyl heptyl ketone. 

Di-iscjbutyl-aceto-acetic Ether C,4H2/), i.e, 
(PrCH,)XAc.CO.,Et (250°-253°). S.G. *947. 
From sodium isobutyl-aceto-acetic ether and iso- 
butyl iodide (Mixter, B. 7, 500). • 

Di-n-heptyl-aceto-acetio Ether 

i.c. CH3C0.C(C,Hj2C02Et 
(332°) S.G. -891. Formed together with di- 
heplyl-acetio ether and methyl octyl ketone by 
heating sodium heptyl-adto- acetic ether with 
heptyl iodide and dry alcohol for a long time 
(Jourdan, A. 200, 112). Decomposed by dilute 
alkalis into COj and methyl pentadecyl ketone, 
and by concentrated alkiklis into acetic aut^di- 
hcptyl-acetio (hexadecoic) acids. 

Di-octyl-aceto-acetic Ether 
C22H4A i.e. CH3.CO.C(C3H„)2.C02Et 
(204°) at 90 mm. (340°-342°) at 760 From 
octyl-aceto-acetic ether, NaOip, and octyl iodide 
(Giithzeit, A. 204, 9). Decoirijiosed by alkalis 
into di-octyl-acetono (methyl heptadecyl ketone) 
and di-ootyl-acetic (heptadecoic) acid. 

Bbnzyl-xnethyl-aoeto-aoelin Acid 

0„H,40, i.e. CH,.C0.CMe7CH.,Py.C03H 
[34°3 (276°), From the ether by saponification 
SI. sol, cold water. Salt : AgA'. 





, iSi(Wr;K^^ acf. » 1-046. 

Fl’cjwred by ootion ot Mei on i mixture of 
^nz^l-adeto>&c€tio acid afid fiodium ethylate 
(Conrad, J?; ll, 1055). 

• . , JSen^^l e(her-^PhCH,A' (53®?). Methyl hy- 
dlfo-cinnamein. Liquid. 

Benzyl-ethyl-aceto-aoatic Ethit 
CH3.CO.CEt(CH,Ph).CO,Et 
(296°^. Colourless liquid. 

Bi-benzyl-aceto-acetio Ether 

CH,.CO.C(CH,Ph)2.CO,Et. 

From sodium benzyl-aceto-acetic ether and 
benzyl chloride (Ehrlich, A, 187, 21). Thick 
non-volatile liquid. 

OTHEE DEMVATIVEiS of aceto-acetic acid 
will be described as acetyl derivatives, e.q.AcETVL- 

GLUTARIC ETHEn, ACEI'IL-SUCCIMC ETIIEH, A'C. Sco 
also OXY-ACETO-ACKTIC ETIIKK, OXY-DI-ETIIYL- 
ACETO-AOETIC ETUEIJ, OXY-DI-METIIYL- ACETO-ACETIC 
BTHEK. 

For analogous acids see PuopioNYL-pnopioNic 
ACH), Valeryl-valeric aoid. 

ACETO-BENZOYL-BENZOIC ANHYDBIDE v. 
Benzoyl-benzoic acetic anhydride. 

ACETO-BBOMO-ACETIC ETHER v, Bkomo- 
ACETO-ACEI'IC ether. 

ACETO-BROMO-AMIDE v. Acetamide. 
ACETO-BUTYRIC ACID v. Acetyl-butyric 

ACID. 

ACETO-CHLORO-AMIDE V, Acetamide, 
ACETO-CHLORHT BRIN v. Glycerin. 

ACETO - CHLORHYDROSE : C, ,11,., CIO,, i.e. 
C^HyAc^OiCl. Formed by treating 1 mol. an- 
hydrous glucose with 5 mol. AcCl, and purified 
by splution in chloroform, agitation with sodium 
ewbonate, and evaporation. - Semifluid ; some- 
times crystalline. Dextro-gyrato. Bitter. In- 
sol. in water, slightly sol. in CS.., oasilj in alco- 
hol, ether and cliloroform. Distils in a vacuum, 
partly undccomposcd. Gives up all its cliloritio 
to alcoholic silver nitrate. Beducos Fehling’s 
solution, Keconverted into glucose by heating 
with water (Colley, C. It, 70, 401). II. \Y. 
ACETO-CINNAMONE v . Benzylidene-ace- 

TONE. 

AtrETO-COUMARIC ACII) v . CoumRric acid. 
ACETO-CXIRCUMIN i \ Curct'mtn. 
ACEyO-ETHYL NITRATE C JI^O, 2C,H.NO, 
(84®-86°) S.G. ^2 1*045. Foimed by dry distil- 
lation of potassium etliyl-sulpliate with potas- 
sium nitrate. Liquid, liaving a sweet taste and 
aromatic odour. Explodes violently when heated 
above its boiling point. Not miscible with water. 
Resolved by heating ^ ith potash-lye into aldehyde 
and nitric acid (Xadler, A. 110, 173). H. W. 
ACETO-ETHYL-SUCCINIC ACID v. Acetyl- 

BTHtL-SUCCINIO ACID. 

%ACETO-ETHYL-TRIENONE v , Etiiyl-thi- 

ENYL METHYL KETONE. 

ACETO-OLYCEROLS v. Glycerin. 
ACETO-OUANAMINE v. Guanidine. 
AdgrO-TETRA-METHYLENE v. Tetrame- 

nPLTLENE fisTHTn KETONE. 

ACETO-ME^HYL-THIENONE v . Methil- 
hubnyl methyl ketonA 

ACETOKAHINES. 

; Di-Aoetonamme t 

C^H.aNO CH,.CO.CH,.CMe,.NHa. 

Drv ammonia-gas is passed 
Into a flask containing boiling acetone, the con- 


ducting tube iexminating ju|t above the liquid; 
the resulting mixture of acetone- vapour ana am- 
monia is passed through a tube heated to 100®, 
and themthrough a condensing tube ; the distaT 
late is neutraliseu with sulphili*^ aaid diluted 
with an equal voftme of water, and, after re- 
moving the ammoniun^ulphate which crystal- 
lises out, and distilling off unaltered acetone, the 
liquid is evaporated to dryness and the residue 
exhausted with boiling alcohol. Diacetonamine 
sulphate then crystallises out on cooling, and 
may be purified by rccrystallisation from alcohol 
(Heintz, A. 174, 154).- - 2. Acetone saturated with 
ammonia is left to itself for three or four weeks, 
finely pounded oxalic acid is then added in quan- 
tity sufllcient to form an acid salt, and a quantity 
of water e<|nal to that of the acetone. The re- 
sulting crystalline precipitate is easily separated 
by boiling alcohol into insoluble ammonium ox- 
alate and soluble diacetonamine oxalate. A fur- 
ther quantity of this last salt remains in the 
mother-liquor, together with salts of other basee 
(Sokoloff a. Latschinoff, B, 7, 1384). 

Properties . — Free diacetonamine, separated 
from either of its salts by adding strong soda-lye 
and agitating with ether, is a colourless liquid 
lighter than water, having an aminoniacal odour 
and strong alkaline reaction ; more soluble in 
cold than in hot water, mixes in all proportions 
with alcohol and ether ; oxidises and turns brown 
on exposure to the air; forms crystalline salts 
w'ith hydrochloric, sulphuric, and oxalic acids. By 
distillation it is for the most part resolved into 
NII3 and mesityl oxide C,,II,,,0, and on the other 
hand is easily formed by direct combination of 
these bodies : C,.H,„0 NII^ - C„H,3NO. 

aSW'S.—C,. 11,3X01101 crystallises from alco- 
hol in rhombic prisms, v. sol. alcohol, resolved 
by dry dtstillation into NTi,Cl and 0,^1?, 

(Heintz,^. 175, 252)™(C,iI,3N0,HCl),PtCl„2H30 

crystallises from water, in which it is easily so- 
luble (according to Sokololl a. Latschinoff; also 
ill dilute alcohol), in orange-yellow monoclinio 
prisms containing 2U.,0, which they give off 
in a vacuum (H.) ; unffor ordinary pressure (3. 
and L.). Tho. norinat oxalate (CJI,;,NO).D3HjO^ 
forms monoclinic tablets, very .soluble in cold 
water, h;sa soluble in alcohol than the acid salt. 
This latter CaH,3NO,C„HX)„np, forms mono- 
clinic prisms ; very soluble in hot, less in cold, 
water; easily in boiling alcohol, from which it 
separates out almost completely on cooling. The 
piernte C,H|3N0,C„U;,(N0.J30,IL0, forms gold- 
yellow needles, somewhat sparingly soluble in 
cold water. Thcs^t/p/m^c (CyH,3NO).iI^S04foyms 
monoclinic crystals (from alcohol). 

Peactions. — 1. HNO. decomposes the salts 
forming di-acetone alcohol and mesityl oxide : 

2G,H,.,NO + 2IINO,= 

C,.H, A » C„H,„0 + 2N., '+ m,o, 

2. Chromic acid mixture converts it into para- 
formaldehyde together with formic, acetic, and 
amido-iso-valeric acids NH3.CMe3.CH2.CO3H, 
and a small quantity of amido-iso-butyric acid 
NH.3.CMe3.CO..H (Heintz, A. iUQ,.45).~-8. Solid 
KOH forms an anhydride, 0,.3HjjN,0 [83®]. 
This is V. sol. alcohol, chloroform, or benzenei 
m. s^. other or light petroleum. Hot watpr 
decomposes it (Antrick, A, 227, 381). It fomia 
B salt, (C,.,H 3 ,N. 30 HCl) 3 PtCl 4 , when dry. Small 
prisms.— 4. Ihn aqueous solution of dhiosto^ 
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iiimine heated for ten hours at is formed bydireotoombinatlon of its constituents. 

120V^m iqnwm hydrocyanic acid forma the 100 pta, water at dissolve 8*05 pts. of tho 
hydrochlorides of diacetonamine oyanhydrin anhydrous saJt (Heintz, J. 1877, 442). 
and of nitriJo-diacetonamine, jtogcthei with a Pen^Hdene-di-aoetcnamlne C,,H.„NO or 
little amiio^ti-Wyrjo acidJHeintz, A. 189, CH CO. 

! lOQ. H401. — A. f)inifif»tonn.Tninrt riYAlftfo r — — ^ * * 


231 ; 192, 340).--5. Diacetonamino oxalate boiled 
with alcoholic solutioiy^ of aldehydes forms 
oondqpsation products. — 6 . Sodium amalgatn 
reduces di-acetonamine to a secondary amido- 
iso-hexyl alcohol CHa.CH(OH).CII..CiMe,NH 2 . 

OYANHYDlilNS. 

Di'Acetonamine cyar hydrin 

C,H, ,N.,0 or Me.C(Oll)(CN).CH 2 .CMe 2 .NH 2 . 

Carbyio-di-Mctonamine.—^ropQxeil as de- 
scribed above (Reaction 4).— Trimetric prisms. 
V. sol. water.. Decomposed by boiling alcohol 
into HCN and diacetonamine. Boiling llCl 
saponifies it, forming Oxy-amido-itkptoic acii> 
(q. V.), Me.C( 0 H)(C 02 n).CH,.CMe,NIT.,, the 

greater part of which changes to its anhydride, 
di-oxy-tri-methyl-pyrroline, 




CO— NH 


CHMejCH2.GH< 


yCE 

•\nf 


MeC(OH)->. I 

\CH. 2 — CMe,, 

(Heintz, A. 192, 329 ; Weil, A. 232, 208 v. Pvaito- 
, une). 

Nitrilo-di-Acetonamine C;ir,,N,C. The hy- 
drochloride is obtained, as above stated, to- 
gether with its isoraeride. The free base is crys- 
talline, easily soluble in water, sparingly in ether, 
and absorbs CO., from the air. Distinguished 
from carbylodiacetonamine by remaining un- 
altered ^vhcn heated to 100 ^- 110 ° with fuming i powder which may be purified by crystallfsation 
hydrochloric acid. iResolvcd by boiling with j from water. Colourless needles or monocHnia 

V. sol. alcohol and ether 
Tasteless, lias a faint aro- 

, - , , . . . -'orms normal and acid salts.— 

yell(^w rhombic prisms slightly soluble m water. : C,,H,.XOliCl. Crusts or druses of crystals.— 
The oxalate C,Hi 4 l^. 20 ,C. 2 H .,04 forms Snail crys- j (C,.,H‘„NO.nCl),PtClj. Warty groups of crys- 


W 

■NH.CMe./ 

Valcral-di-acetonamine ; oxy-di-methyl-iso-butyU 
tetraAiydro-pyridine [16®- 22°]. From valeric 
aldehyde and alcoholic di-acetonamine oxalate 
(Antrick, A. 227, 307). Needles in stars (from, 
ether). Insol. water, sol. alcohol, ether, benzene, 
and petroleum. 

Sails. -B'.,H. 2 C.C,. Needles [190®]. V. si. , 
Bol. cold water or alcohol.— (BTICl). 2 PtCI., [206®]. 
Heptylidene-di-acetonamine OjjHjjjNO or 
yClI, . COv 

NcHj 

Oxy-di-tneihyl-hexyl-ietra-hi/dro-pyridine 
[29-6°j. From cen an th -aldehyde and alcoholio 
di-aectonamine oxalate (Antrick, A. 227, 370). 
Needles (from ether). Oxalate [o. 160®]. 

Benzylideno-di-acetonamine 0„HifNO or 

yCHj . COv 

Ph.CH< XCHa 

\NH.CMe/ 

Oxy-plicnyl-di-methyldetra-hydro-pyridine [61®]. 
(230^). Obtained as oxalate, by boiling 1 pt. 
benzaldehydo, 1 pt. acid diacetonamine oxalate,, 
and 12 pts. alcohol, gradually separating as & 



tals m. sol. water, insol. alcohol (Heintz, A. 192, 
342). 

PBODUCTS FBOM ALDFHYDKS. 

Etbylidene-di-acetoiiamiuo C„H,,NO or 
.CII,. COv 

CllrCU^ >C11.. 

NNH.CJiIe./ 

[27®] ( 200 ®) vinyl-di-acdoiuminc ; oxy-tri-mcthyl- 
tetraAiydro-pyrldine. 

Fo?inali<jn. -Together with tri-acctonamine 
by action of aldehyde and ammonia on aecloiie. 
In larger (luantily as oxalate, by boiling tliC acid 
oxalate of diacetonamino (10 g.) for sixty hours 
in a reflux apparatus with aldehyde (U) g.) and 
alcohol (120 g.). The oxalate, is washed with J 
hot gilcoliol, and the free bases separated by 
potash (Heintz, .4. 178, 320; 189,214; 191,122). 

Rreparation. — By boiling an alcoholic solu- 
tion of di-acelonamino oxalate with paralde- 
hyde (K. Fischer, 77. 17, 1793). 

Solidifies at -15® to rectangular 
or six-sided plate ong prisms. Is deli- 
quescent. Has a 1 ; taste, ^mclls like tri- 

metliylamine, but when warmed, like camphor. 

Reduced by sodium amalgam to its dihydride 
or ethenyl-di'a«»toffo-aloamine. 

(B'HCl).^tCl,3aq. Flat prisms.— 
B'jHjSO*. Minute needles, v. sol. w'ator, sl.^. al- 
loJwi,— SI. sol. alcohol.— B '4 

A ]platina>ohloride of vinyl-di-acctonamine 
imd ttt-aoetonamine • 

(qiHt»NO.H01 + C,H,,NO.iICl)P^I, + 2H,0 


tals, or when separated from alcohol on ad- 
dition of ether, elongated six-sided tablets. 
Slightly soluble in hot, iiisol. in cold alcohol. 
The aurochloridc forms pale-yellow crystals. — 
C,;, 11 ,jN OHN O 3 4 2ILO (V). Small crystals, mode- 
rately soluble in cold w’ater. --(C,sH,,NO)aH.^S 04 - 
Siiiall crystals, easily soluble in water, very 
.si ightly in ao.solute alcohol. — (C,,!!, ,N 0 ) 3 ,C 2 H. 304 . 
Microscopic crystals, nearly insoluble in ^cohol,. 
v. si. sol. water (R. Schill, A. 193, 02). * 
m-Amido-benzylideae-di-acetonamine 


N1H.CJI^.CH< 


^CH, . CO\ 


-CH, 


^NII.CMe/ 

From the nitro-dcrivative <)y reduction witA 
HnCl,. Oil. [113®]. 

2 >-"Ainido-benzylidene-di-acetonaniijie. — Fronk 
the nitro-dcrivative by SnCl^. Salt . — B^HgCjO^* 
o-Nitro-benzylideno>di-tC6tonauune j 
XII. . COv 

NO,.C,H,.CH< ' >CH« 
\NH.CMe/ 

From o-nitrobenzoio aldehyde and alqpholio di* 
acetonamino oxalate. 0 

Salts. H,C,0,.— BTIGl.-^' HCl)j»PtCV 
m-Nitro-benzyUdene-^-aoetonamine. 

► filaZf5.-B'HCl [208®].- (B'HC^.PtOI* [303®]. 

27-llltro-benzylidene-di-acet^miiLe [142*6®]. 
Needles (from ether). Nearly insol. light petro* 
leum. * 

5aite.-rB'HCl aq. [ 0 . 206®]v-^(B^HClJ^tCl|, 



acetoj^amines. 


i^Oxj-litniyUdexM-di-Metoxiu&iAO 
yCIL , OOv 

HO.OA.CH< ■ >CH,. 

\NH.CMe3^ 

From di-acetonamine oxalate (6 pts.), p-oxy. 
benzoic aldehyde (4 pts.), and alcohol (20 pts.) ^ 
Acid oxalate B'EaCjO^. 

Methyl derivative 

^ XH, . COv 

MeO.CeH^.CH< ^CH^. 

\NH.CMe/ 

From anisaldehyde and di-acetouamine oxalate. 
Oxalate [210°J. 

Cinnamylidene'di-acetonaznine 
XH, . COv 

Ph.CH : CHXH< >CH2 4 aq. [49^]. 

\NHXMeX 

From cinnamic aldehyde, diacetonamine, and 
boiling alcohol. Yellow needles (from alcohol). 
Easily soluble in ether, light petroleum, chloro- 
form and benzene, sparingly in water. ^ 

Vanillo-di-acetonamine CjiHibNOj i.c. 

XH. . COv 

OA{OMe){OII)CH<^^-^^^^>Cn, 

is obtained by boiling equal parts of yaghj^o 
and acid diacetonamine oxal4y.diacctonamine 
oohol, whereby noroift^' Tliis salt forms either 
oxalate is tly»f"br yellowish crystalline crusts ; 
a ^itSHraier, insol. alcohol and ether. The 
riH^rbase is an alkaline oil, slightly soluble in 
<i>^ater. — Cj^Hi^NOaHCl is easily soluble in al- 
cohol, and precipitated therefrom by ether. — 
(0HH„NO,HCl),PtCl,.~C„H„NO3HNO3. Very 
small crystals, ra. sol. water, and cold alcohol, 
(C„H„N03),H2S0,: lamina). (Oi4H,9NO,).AH,0^: 
crystalline, v. si. sol. water, insol. alcohol 
(Heintz, A. 194, 53). 

ALKYL-DI-ACETONAMINES. 

Methyl di-aoetonamine 
OjH.jNO i.e. COMe.CfI,.CMe,.NHJte, 
is formed, together with otlier bases, when 
acetone saturated with inethylamine is left to 
itself for several weeks. The base is ppd. as acid 
oxalate, and purified by conversion into platino- 
ohloride. — Free methyldiacetonamine is very un- 
stable, quickly splitting up into methylamine and 
mesit/l oxide. The hydrochloride is deliquescent. 
The platinochloride (C;H,jNOHCl),PtCl3 crys- 
tallises in large light-red rhombio prisms, easily 
soluble in water, nearly insoluble in alcohol. 

platinosochlonde (C;H„NOIICl)J?lCl.,, pro- 
duced simultaneogsly with the platinochlorido, 
forms dark red crystals. The aurochloride 
C-H,3NO,HCl,AuCl3, forms short prisms, m. sol. 
cold, V. sol. hot, water, alcohol, and ether. The 
Mrmal oxalate (C,JI,jN0)X.^H304 forms indis- 
tinct very deliquescent crystals, very soluble in 
absolute alcohol ; ihoacid oxalate C,H,5N0C.,H.,04 
crystallises in small prisms, m. sol. absolute 
alcohol. The picratc forms yellow needles 
(GSt^hmann, A. 197, 38). 

Dimethyl^cetonamine 
C^EpNO i.e. CQMc.CH,.CM02.NMe2, 
is formed on heating a solution of dimethyla- 
mine in acetone at 100°-105® in a scaled tubdJ 
Free dimethjldiacetonamine has not Seen ob- 
tained it very easily splits up into dimethyl- 
amine and mesityl oxide. The platim-chlori^ 
(O^^OHCl)2ptCl4 crystallises in small tablets ; 


the owro-cWoruW" in goldsn needles, si. sol. 
water; the nitrate and stUphate in long colour- 
less deliquescent needles v. sol. alcohol. The 
acid ox^te, is crystaUine, v. . 

sol. water and juqpnol, nearly fti%>luWe in ether 
(GOtschmann, .4. i97, 27). 

Ethyldiaoetonamixm 
CgH^NO i.e. MeCO.CHa.CMe,.NHEt 
is obtained by heating a solution of ethylamine 
in acetone at 80° for six hours. OigHjjNjOjPtCl,, 
light red hexagonal plates, insol. ether and 
alcohol, soluble in alcohol containing HCl. 3. 
1T6 at 16°. Platinosochloride : OioHajNjOaPtCl,; 

! dark red prisms. S. 6*62 at 21°, insoluble in 
ether and in alcohol. — CgH|jNOHCl forms hy- 
groscopic microcrystals decomposing at 160°. — 
CsHjgNOAuCl^ crystallises in large lemon-yellow 
rhombic plates. S. 2*48 at 22° ; easily soluble 
in alcohol and ether; melts under water at 
about 70°.— The nitrate forms small needles.— 
(C,Hi.N 0)..H..S04 forms tufts of needles.— 
(ChH ‘N 0)X.X04, concentric groups of hygro- 
scopic needles. — CgH,7N0C2H304; needles. The 
picrate CgH,7NO.0,H,(NO,)3OIi forms short 
needle-shaped, nrisms y. sol. \yater., jnsol. alcohol 
^^3 .4.1 free einyldiacetonamme spues up 
even in the cold into ethylamine and mesityl 
oxide (Eppinger, A. 204, 60). The prolonged 
heating of ethylamine with acetone gives rise 
only to ethyl-diacetonamine, not to any base 
analogous to triacetonamine. Diethylamine does 
not appear to form any compound with acetone 
(Eppinger). 

Dehydrodiacetonamine CBn,,N(?) contained 
in the mother-liquors of the preparation of acid 
diacetonamine oxalate, and passes over on dis- 
tilling them with an alkali. The platinochloride 
forms slightly sol. laminae (Heintz, 4. 183. 276). 

Triacetonamine C„H,7NOvi.c. ' 


yrCMej.CHoV 

Nn< >00 

^CMe^XH/ 

Oxy - tetra - methyl - tetra - hydro -pyridine f68°] 
(hydrated) ; [39'6°J (dry). Formation. — 1. To- 
gether with diacetonamine, by the aotion of 
ammonia on acetone, especially at high tempera- 
tures (Heintz, 4. 174, 133). — 2. By prolonged 
boiling of acetone with a solution of diaceto- 
namine ; C,H,.,NO + CgHgO = CgH„NO + H,0 
(Heintz, 4. 178, 305). This, according to Heintz, 
is the best luode of preparing triacetonamine. 
It is puriiied by crystallisation of tho oxalate. 
Triacetonamine separates from a solution of the 
normal oxalate mixed with KOH, as a hydrate 
CgHijNO,!!.^, which crystallises from anhj^rous 
ether in large square tablets, and the mother- 
liquor on further evaporation and cooling to a 
very low temperature yields long needle-shaped 
crystals of anhydrous triacetonamine. Hydrated 
crystals rhombic a : 6 : c » 0*9^ : 0 9768 : 1. 
Triacetonamine sublimes slowly, even at ord. 
temp. Distil^ without alteration. Decomposed 
at 150°-200° by HjS04 or PjOi, but does not 
yield definite products. Heated at 100° for 16 
hours with fuming hydrooklotiSo acid it yields 
diacetonamine, dehydropentacetonamine and 
other products. With chromic acid mixture it 
givel isopropyl-butyl-amine di-carboxylio asid: 
0„H„N04 i.e. C0,H.0Me3.NH.CMe,.0BL00aH 
(Heintz, 4.J.98, 69). With ethyl iodide it yields 
NHgEt, KHEt^, KBt„ NEtil, dehydrotriaoetona- 
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mine, and other frodncts, bat no ethylated 
triacetonamines (Heintz, A. 201, 100). 

SaJts, — ^B^HCr is easily soluble in alcohol, 
and separates therefrom on c^jldition^f ether, 
in prisma*-(DCtol) 2 ptCl 48 H 2 Q crystallises from 
hot water in long, dark, gola-coloured needles, 
y. si. sol. alcohol, insol. ffther. By exposing the 
alcol^lio solution to sunlight, or heating the 
aqiueous solution for several hours, it is reduced 
to (B'HCl)jPtCl32HjO, which is much less soluble 
in water than the platino-chloride, and crys- 
tallises in dark red needles or rhombic prisms. — 
(0 |Hj,N 0 )j{H^S 04 : delicate needles or prisms 
V. sol. in water, insol. alcohol and ether.— 
CbH„N 0;HN03 : rhombic crystals -n : b : c= 
1;2738 ; 1 ; 1*0251.— (03H„N0)2H2CrO4. Small 
light yellow crystals converted into the acid 
salt by recrystallisation from hot water.— 
(OBH^NOjaHjCrjO,. Orange-red prisms (Hcintz, 
4. 198, 87). — (0Bni,N0)aOila04 forma long 
needles, v. sol. water, v. si. sol. alcohol. — 
CbHijN 0,0211,404. Triclinic crystals, v. sol. 
water; resolved by boiling with alcohol or 
ether into the normal salt and oxalic acid 
(Heintz, A. 178, 326). 

4 Triacetonamine Nitrosamine CyH,6(NO)NO 
[73^], S.G. ri4, is formed by heating aqueous 
triacetonamine hydrochloride with KNOj at 85^^. 
Long needles (from alcohol). V. sol. alcohol 
and ether. Besolved by KOH into nitrogen, 
water, and phorone, also by prolonged boiling 
in aqueous solution. By heating with HCl or 
H.4SO4, it is for the most part reconverted into 
triacetonamine (Heintz, A. 185, 1 ; 187, 233). 

Tri-acetone-diamine 

CBH20N2O le. (NH2.CMe2.CH2)2C(). 

Found in small quantity amongst the products 
of tl^e action of ammonia on acetone: produced 
more abundantly %hen a mixture orl pt. ace- 
tone, 2 pts. NHjAq, and 1 pt. CSj, is left at rest 
for a month ; 3C,H,0 + 2NH3 = CbH,.oN 20 + 2H,0. 
Oily liquid soluble in water, somewhat sparingly 
in ether. B"2HC1 forms prismatic crystals, de- 
composing at 200®.— B"^HCl,PtCl4 is slightly 
soluble in cold, easily in hot water, insoluble in 
ether.— B"C2H204 ; flat needles, nearly inso- 
luble in alcohol, much more soluble in water, 
than the acid salt. — B"2H2C204 aq ; monoclinio 
prisms (Heintz, A. 203, 33(5)." 

Dehydro-tri-acetonamine Ci,HisN (7V/ra- 
methyl-di-hydr 0 ’ 2 >yriduicl) (158®) (JI.); (163°) 
(C. 8.). 

Occurs as oxalate, together with tri-acetona- 
mine, in the mother liquor got in preparing di- 
acetpnamine oxalate {q. v.), and may be separated 
therefrom by distillation with’potash (Heintz, A. 
174,166; 183,276). 

Prepamfrow.— Acetone (20g.), acetamide (8g.), 
aud ZnClj (^g.)) are heated for 6 hours at 140° 
(Ganzeroni a.1§pica, G. 14, 341). Another base 
(240°) is a by-product in this reaction. It ap- 
pears to be Its platin#-chlorido forms 

dodecahedra. 

Properftes.— Oily liquid which readily oxi- 
dises, beoomin^bii^n. 

5alf5.-(B'HCl)2Pt0l4. Rhombohedra (from 
water). V. si. sol. cold water, insol. alcohol. — 
B&AUOI4 [127®]. Long yellow prisms ^from 
dilut 3 alcohol). Insol. water. 

J) tbydro-penta-acetonamiae ^ • 

> 6CVB,0 -t- NH, -SH,0. 


Ib fomed together with ammonia and di-aeeto- 
namine by heating ki-acetonamine with fuming 
HCl at 180°, the hydrochloride then separating 
as a crystalline powder, sparingly soluble in 
water. The base separated therefrom by potash 
is an oily liquid (Heintz, A. 181, 70). H. W. 

ACETO-KAPKTHliL-THIAHIBE v, o-Nath- 

THYLASIINE. 

ACETONE ObH^O i.e. OH,.CO.CH3. 

Di-methyl Ketone. 

M. w. 58 (55'6°--55-9° cor.) (Perkin, 0. J. 45, 
478) ; (56°) (Dumas ; R. Schiff) ; (56*3°) at 760 
mm. (Kopp, Regnault, Zander) ; (56*53° cor.) 
(Thorpe, C. J. 37, 212). S.G. S *814; 12:2 *799 
(Kopp, A. 64, 214); I -8186 (T.) ; *7965; |f 

•7807 (P.) ; s -8125 (Z.) ; f *7920 (Briihl) ; j 
•7506 (R. Schiff, A. 220, 103). V.D. 2*00 
(Dumas). C.E. {0°-10°) -00138 (T.). S.V. 77*08 
(S.) ; 77*3 (Z.) ; 76*78 (T.). H. F. p. 65,000 
(Berthclot) ; 58,710 (Thomsen). H. F. v. 57,260 
(Th.). 1-3(539. Roo 25-55 (Briihl). M. M. 

3*514 at 15*2° (P.).— Occurs in the urine, blood, 
and brain of diabetics (Markownikoff, B. 8, 1683 ; 
Peters, Kaulich, Betz, J. 1861, 805). 

Fonmtion. — 1. By the dry distillation of 
acetates: e.g. (MeCO.O)2Ba = Me^CO -t- BaCO,.— 
2. From zinc-methyl and acetyl chloride; 

(u) MeCOCl + ZnMo., = MeCClMe.OZnMe, 

(6) MeCClMe.OZnMe + H^O = 

Mc.,.CO + nCl+ZnO + CH4 
(Freund, A. 118, 1).— 3. By treating bromo* or 
chloro-propylene with aqueous hypochloroua 
acid and mercuric oxide, whereby chloracetone 
is formed : 

2C3H,Cl + 2HOCUHgO = 

HgCl2 + H 2 O + ‘2(CH4C1.C0.CH3), 
and reducing this compound to acetone with 
z-inc and HCl (Linnemann, Bl. [2] 6, 216). — 
4. By treating the isomeric compound, propylene 
oxide, with sodium-amalgam, and dehydrogenis- 
ing the resulting isopropyl alcohol with chromic 
mixture, Call.O + H, = (Cn3)..Cn.OH, and 
(CH3),CH.0H + 0 - H,0 -h (CH3)3C0 
(Linnemann, A. 140, 178). Berthelot {C. B. 68, 
334), effects the oxidation with aqueous chromic 
acid. — 5. By the action of an aqueous solution 
of mercuric bromide (Jvutsclierotf, B, 14, 1541), 
or chloride {B. 17, 15), on allylene.— 6. By pass- 
ing aldehyde vapour over red-hot lime (Schioe- 
milch, K. 5, 336).— 7. Togetlicr with propionic 
aldehyde, by heating a dilute aqueous solution of 
propylene glycol at 180°-190° (Eltekoff, J. 11, 
409). — 8. By heating propylene bromide with 
water at 170°-180° : 

CsH^Br. + H,.0 = 2HBr + C,H,0 
(Linnemann, A. 161, 58).— 9. By heating a-a-di- 
chloro'propane CMe-^Clj \dth silver acetate and 
alcohol in sealed tubes at *00° : • 

CMe,Cl2 + 2AgC0.4Me « 2AgCl -f 2COMe2 + CO^.— 
10. Together with a bromine compound (proba- 
bly CHMo^Br) by the action of zinc and dilute 
sulphuric acid on the product 
formed by the action of bromine on dicblorhy- 
drin (Lange, B. 6, 98).— 11. By*distilling with 
water the product formed, with evolution of HCl, 
on dissolving chloro-propylene Me.CCl:GH3 in 
sulphfrio acid (Oppenheim, A.^ppl. 6, 865). — 
12. Together with mesitylene, on discing with 
water a solution of allylene in sulfuric acid 
(Schrohe, B. 8, 867).^13. Together wi^ othei 
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ihe aotion of lime on glyoeHn 
ipeTM14erow/ J?. 12, U87).^14. Together xvith 
isobni^io aBehyde, bv oxidation of iso-butyl 
«!0bliol.-^15. By oxidising with chromic acid the 
hexylene obtained by the action of alcoholic 
potMh on di-methyl-isopropyl-cajrbinyl iodide 
tPawlow, Bl. [2] 22, 875). <16. B/the action of 
nasoent zinc-methyl on acetic oxide (Saytzeff,^. 
£Sq 7, 104) : (C0Me),0 + ZnMeo* ZnO + 2COMe^ 
—17. Together with other products, by the action 
of zinc-sodium on a mixture of methyl iodide 
and acetic oxide {S,).~18. By the dry distillation 
■of wood : occurs therefore in crude wood-spirit ; 
also of sugar, gum, or starch, with 8 pts. lime 
-(Fremy, A. Ch. 59, 7).— 19. By dry distillation 
of citric acid, and in the oxidation of that acid 
by potassium permanganate, or by MnO._, and 
dilute sulphuric acid (Pean de St. Gilles, A. 
CA [8] 65, 374). 

Preparation. — 1. By dry distillation of barium 
or calcium acetate. The barium salt decomposes 

a moderate heat, and when dry and jiure 
yields pure colourless acetone. The calcium 
salt requires a higher temperature and yields a 
distillate contaminated with an empyreumatio 
oil (dumasin) and other products. -2. By dis- 
tilling in an iron retort or quicksilver bottle, a 
mixture of lead acetate (2 pts.) and quick lime 
^1 pt.), rectifying over calcium chloride, and 
finally distilling over the \vater-bath. The pro- 
duct may be purified from wood-spirit by distil- 
lation over calcium chloride, or better by com- 
bining the acetone with sodium hydrogen 
sulphite, and decomposing the resulting com- 
pound by an acid or alkali ; also by converting the 
methyl alcohol into an ether (oxalic or benzoic). 
-Crude acetone may also be purified by treating 
it with potassium permanganate, which does not 
Attack pure acetone at ordinary temperatures. 

Properties. — Limpid, very mobile liquid 
having a spirituous and slightly einpyreumatic 
odour and biting taste. Very inllammable ; 
bums with a white smokeless flame, mixes in 
all proportions wdth w'atcr, alcohol, and ether. 
J)i8SGlves camphor, fats, and resins. Separated 
^om aqueous solution by CaCI.^ and by KOH 
(difference from alcohol). Even if Boiling bc- 
iween 56® and 58® it is liable to contain Jiiethyl- 
scetal, eH,.CH(OCH.) j', this can be detected 
4)y heating with cone. HCl, for it then gives off 
MeCl. Acetone reacts w'ith hydroxylaminc and 
with phenyl-hydrazine (v. Acktoxim, Acf.toxk 
T iwyi,.HYi)BAzn>E). It docs not restore the 
ducea a solutioq of a rosauiline salt that 
forms daiqached by SO, (SchilT). 
C,H,jNO,IiCJi,.X. An alcoholic liquid supposed 
cold, Y. sol. hot, is mixed with an equal volume 
normal oxalate (O,|j,of benzoic aldehyde and 
finct very deliqncscenlH are added. After some 
absolute alcohol ; theaciaXi-benzylidene-acctone 
crystallises in small prisolvo in H.,SO^ giving 
alcohol. The picrata font. Ponder, A. 228, 
(GdtSthmann, A. 197, .S8). ueous KOH and 

Dimethyldfccetonamine \ A solution 
CQMc.CHj.CMe^, previously 
is formed on heating a solution of A black 
mine in acetone at 100®- 105® in a seuars, but 
Free dimcth;iil^iacctonamine has not ods this 
tained 8| it very easily splits up into dimoe to 
amine and mesityl oxide. The platino-chhM 
(O0H^OHCl)2ptCl4 crystallises in small tab% 


a red-hot tubs depoatB carbon and yields so- 
called dumasin, also naphthalene, C 02 ,GH 4 , and 
H (Barbkri a. Jgoux, O.B» 102, 1569).— 2^ By 
nascent hydrogen ^dium-amal^adn Sftid water) 
•acetone is converted into isopropyl alcohol : 
Me.CO.Me^-H, = Mo.C^H.Me (Friedel, O.B. 
66, 53). — 8. Chlorine-gas passed into acetone 
displaces 1 or 2 ats. H, forming C,HjC10 and 
CsH^Gl^O, but does not remove the whole of the 
hydrogen, oven in sunshine. Grabow^ski (B. 8, 
1488), by passing chlorine into pure acetone, as- 
sisting the action by heat towards the end, ob- 
tained in addition to dichloracetone, two bodies 
CjHjClsO and CJIjClaO. Tlie former is a liquid 
insoluble in water (186°). S.G. 1*880 at 29°. 
V.D. 6*60 (calc. 6*56). Decomposed by strong 
potash -lye, with separation of chloroform. The 
second body, C^HjClaO, is also liquid (206°- 
208°). S.G. 1*326 at 26°. V.D. 7*55 (calc. 7*0). 
Completely decomposed by strong potash-lye or 
sulphuric acid. Perhaps trichlorotrimesityl oxide. 
When acetone is treated with excess of chlorine, 
and the product first with KOH and then with 
HCl, isapogliicic acid ObHiuO^ is produced. 
With alcoholic potash, on the other hand, a body 
CrtlljoOjs (?) is formed, together with an aoid 
w hose lead-salt has the composition Pb(C;Hj03)5 
(Mulder, J. 1868, 494). — 4. Chlorine^ in presence 
of alkalis, converts acetone into chloroform: 

C.,H,0 + 6C1, + H ,0 = 2CHCI3 + CO, < 6HC1. 
Bromine acts in like manner, producing bromo- 
form, and iodine forms iodoform. — 6. When 
acetone saturated with HCl-gas is mixed, after 
8-14 days, with water, a heavy brownish oil 
separates, consisting mainly of compounds of 
HCl with mesityl oxide, C„H,oO ( = 2C3H„0 - H,0) 
and phorone, C„H,,0(- SCgHeO -211,0). The 
mesityl compound CuH, ,001,, ‘heated with KON 
and then with KOH, yields the K-salt of a mo- 
nobasic acid CnlliaNO, (r*. Mesitonic acid), thus : 
C„H,..OCl, + 2KCx\ = 2KC1 + C,H,..0(CN), ; and 
CslI,:0(CN),+ KOH + 11., 0 - NH3V KC,H,,Na,. 
The phorone compounJ, similarly treated, yields 
a neutral azotised body crystallising in shining 
plates and subliming at about 300° (Maxwell 
Simpson, iV. 16, 86-1). According to Pinner 
{B. 14, 1070) the neutral body is a nitrile 
C,,H,„0,N.., formed according to the equation 
8C3H.,0 + 2nCN = H,,0-l-C„H„0,N.,; it crystal- 
lises in plate.s melting above 820°. Heated with 
aqueous hydrochloric acid it gives phoronio 
acid C„H„0., [</.r..]: CJI, A(CN)., -»■ 4H..0 « 
2NH3 -f H.,0 f C„H,/)(CO,n),.— 6. By distillation 
With strong sulphuric acid, acetone yields mesi- 
tylene, C„H„ 80, Hp - .3H,0 ; but when mixed 
with H,SO, in a cooled vessel it forms mesityl* 
sulphonic acid GiHj.SOjH, which, when heated 
with potasli, yields mesityl oxide (Hlasiwctz, 
J. 1856, 487).— 7. With PCI3 Mtone yields 
chloropropylene CjHsCl and di-chloro-propane 
C3H0CI., (Ericdek A. 112, 286). — 8. With bromine 
acetone unites directly, forming GiH^OBrj,, a 
viscid, very unstable liquid, heavier than water 
(Linneraann, A. 125, 807). eiicowding to E. J. 
Mulder, however {J, pr, 91, 47), it givei rise to 
NubstUution- products.— 9. With HI acetone 
yield#*iodopi'opylcne, C,HjI; with PIj a soiid 
and two liquia iodides (Hamltz-Hamitzky, Zt 
1863, 416). • According to Berihelot (BU [2] 7# 
69), acetone fteated with HI ytoldi jj^panoii^ - 
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Iff, iodine eMmide ooejtone jieldg 0 ,H 4 XtO 
(Jiasnirell Simpson, ioftortxiory, p. 79).**-U» 
Electrolysis oi a mixture of acetone and dilute 
Bulphnrio aoid produces acetic, /ormio, 4 nd car- 
bonic acids (Itredel, J. 18M, 838).--12. By 
1 chromic acid mixture it is (Sidised to acetic 
and carbonic acids.'^lS.^cotone boated with 
ammonia "yields a mixture of three bases, the 
composition and mode of formation of which 
are indicated by the following formulas : — 

Diacotenamlne , . . . CJT,,,K0.=2C;,1T„0+NH,- H,0 
Trliiootonamlne .... C„H„N0-3Cjr,0+Nir3-2H,0 
Dehydrotriacetonamlne . C,II,gN ^ C,H„NO — 11,0. 

^Vith methylamme, in like manner, Acetone 
yields methyldiacetonamine C^H,^NO and other 
bases. With dimethylamine only dimethyldi- 
acetonamino C„H,,NO. — 14. With hydroxyla- 
mine, acetone forms acetoxtm [7.0.] Me.C:NOH, 
which crystallises in prisma [GO^], (135°1. — 15. 
Sodium strongly attacks acetone, with forma- 
tion of crystallised pinacorie liydratcC«n ,20 7 H 2 O 
and liquid phorone C(,H,^0 thus : 2C.,II,.0 + Na.,’= 
Na^O + C^H.^O, and ~ ‘2H.,0 - 

(Stiideler, A. Ill, 277).— IG. Heated with ani- 
line hydrochloride at 180° it forms di-mcthyl- 
•quinoline (Engler a. Biehm. B. 18, 2245, 320G). 
— 17. Caustic allmlis, c.g. KOH and CaO, exert a 
dehydrating action on acetone and form con- 
densation-products varying in corapo.sition, ac- 
cording to the proportion of water abstracted, viz. : 

B. P. 

Xylite-naphtha C„n„0,=4C,ir,0-H,0 .. 

Mesityl oxide CJ1,„0=2C, 11,0-11,0 .. .. 131® 

Mesltylene .. 11,0 -311,0.. mo-lGU® 

Phorone.. .. 0,11 = . 30, 11 211,0.. 216®-220® 

Xyllte-oil .. C.,H„0=4C,1 1,0 -3U,0 above 250® 

Vapour of acetone passed over strongly heated 
KO H or potash -lime is re.solved into methane and 
carboftc acid, C,H,0 ^ 2K0I1 = K^CCfa 4 2 CH 4 . 
At a lower temperature the chief products 
are acetic acid, formic acid, and hydrogen, 
ChH,0 + 2K0H 4 H.0 = KCoH^O.^ 4 KCHO,. 4 3H., 
(Dumas a. Stas, A. Ch, [2] 73, 149 ; Persoz, Bciu 
Scient, 1, 51).— ‘18. Acetoim heated with ZnCL 
yields hoxa-mcthyl-benzeneTJrtMo,; (W. H. Greene^^ 
C. li. 87, 931).— 19. Gently heated with AlCl,, 
it yields mesityl oxide, phorone, and other 
products (Louise, C. R. 95, G02).-20. Dry 
PtClj dissolves in acetone, and tho .solution 
when evaporated leaves a browm resinous mass 
containing a yellow crystalline substance, 
CJimOPtCla (?), called Acechloride of Plati- 
num, or Chloroplatinite of Mesityl (Zeise, A, 
33, 29). — 21. On adding HCl to a mixture of 
acetone, with potassium cyanide and sulplio- 
cyanide, the compound CjHyO.jNS is obtained. 
This compound heated with llCl is resolved 
into COj, NHj, and a-oxy-iao-butyrie acid. With 
silver nitrate it yields C 5 H,iAgO,NS (Urech, 
J5. 0, 1113 ). — 99 By action of alLilis or of JICl- 
gas on a mixture of 1 mol. acetone and 2 rnol. 
benzaldehyde, dibenzylioexe-acijitonk ( 5 ?. r.) 
PhCH;CH.CO.CH:CHPh is obtained (Claison a. 
Claparede, J5. 14, 849). By the action of 
alkalis on a sq}pti«[i of o-nitro-bcnzaldchyde 
in acetone, methyl o-nitro-jS-oxy-jS-phenyl-cthyl 
ketone [68®] is formed according to the equation 
i NO.,.0,H4.CHO + CO(CH,)., - # 

; W^OA-CH(OH).CHyCOCH, 

a. BroAVsen, B, 15, 2856).-^Vhe corre- 
1^41^ liio^xi^iiipoa^ [58®1 is Obtained in 


like manner front acetone ana j9-aftro-benzaIdc- 
hyde (Baeyer a. Beoto 16, 1988).—23. With 
furfuraldehyde, acetone forms a compound 
crystallising in long white needles [87®] (J. G. 
Schmidt, B. 14, 674) — O.FUBFUBYLinENB-AOBTONE. 
24. With pyri^l in presence of HCl it forms 
OuHjjNj, [291'^ (BaeySl-, B, 19, 2184). 

Cemhinaiiems. With Bisulphites. 
Formed by direct combination. CjH„( 0 H)S 0 ,NH 4 
crystallises in lamina) (Stadeler, A. Ill, 807)— 
CjH„(OH)SOjNa.— Lamina), moderately soluble 
in water, less in alcohol. Gives off acetone 
when boiled with aqueous sodium carbonate 
(Limpricht, A. 93, 238)— CsH«( 0 H)S 03 K (L.), 
2 . With Mercuric Oxide 2 C 3 H „0 3HgO. 
Formed by mixing acetone witli mercuric chloride 
and weak potasli-Iye, dialysing the filtered liquid, 
and precipitating the liquid remaining in the 
dialysor with acetic acid.- Gelatinous precipitate 
which becomes resinous on drying. Its solu- 
tion gelatinises wdien heated or when merely 
left at rest (Emerson Reynolds, Pr. 19, 431). 
Formed also by dissolving HgO in acetone 
(Kutscheroff, B. 17, 20). 

Acetone-boric Acid, C;,HuO(BHO )2 [60°]. 
Fonned together wdtli (a) and ($) acetone-fluo- 
boric acid, and hydrocarbons, on saturating 
acetone with boron fluoride and distilling the pro- 
duct. (o) AcetonefJuoboric acid, CgH^O BHFB^O, 
(120°-] 23°) ; the isomeric (/5) modification [36°] 
(90°-.92°) forms shining white laminro. All 
three compounds fume in tho air, bum with 
green flame, and are quickly decomposed by 
water, yielding boric acid aud acetone hydro- 
fluoric acid (Landolf, C. R. 89, 173). 

Acetone-hydrofluoric Acid 0.jH,0HF ( 66 °) 
obtained by fractional di.stillation from the pro- 
duct of the action of water on acetone-fluoborio 
acid. An inflammable liquid with pleasant 
ethereal odour (Landolf, C, R. 9G, 680). Another 
compound, C 3 HP 2HF (12°) is gaseous at ordi- 
nary temperatures. 

Acetone-sulphonic Acid CHs.CO.CHjj.SO 5 H. 
Formed as K-salt by treating dichloracetone 
(118°) with a strong solution of potassium sul- 
phite : C 5 H.C 1 .. 04 K.S 05 4H,.0- 

K.%6^ 4 HCl 4 CjH.ClO, and 
C,n,crO 4 K,SO, = KCl ♦ CjHjO.SOjK. 

The K salt may be extracted from the {ffoduot 
by boiling alcohol, and separates therefrom in 
white lamina). Very soluble in water, not de- 
composed by boiling with dilute acids. Boiled 
with strong potash-lye, it yields sulphite and 
perhaps an acetone-alcohol fflender, Z. 1870, 
1G2 ; R. 4, 517). Saifs. -KA' Plates (from alcohol 
V. e. sol. w^ater — BaA'j, aq. Plates.— PbA'- aq. 
[140°]— CuA'.^l^aq. Greenish plates. 

Acetone-phosphorous Acid G. 5 HyO.PO.jH. 
Remains on distilling acemne with I and P* 
(CaHdO.PO.J.Ba is amorphous, soluble in water, 
insoluble in alcohol (Mulder, J., 1864, 329). 


Acetone - cyanhydrin CH,. C (CN ) (OH) . OH, 
(Oxyisobutyronitrile). Formed by the o^tlbn of 
aqueous HCN (20 p.c.) on acetone,#!)^ tho action 
of nascent HCN on acetone diluted%rith ether. 


It is vei 7 unstable, for even on evaporation 
#f its solution it changes into di-acetonc-cyan- 
hydrin %ith evolution of HClL,(Tiemann a. 
Friodl&nder, B. 14, 1970). Alooho^jo NH, 
at 60° converts it into a-amido-iso-butyronitrile 
CH,.0(0N)(NE^).CH,whenceHCl forma o-Hiigido* 



i^batTHo «oid« HCl forma tha formg rbombio orystala (Heintfe, 189. 200f 

imido^thor Me*C(OH)0(OEt):NH (Pinner, B. 817). ^ 

17, 2009). kathyl-tri-acatone-alcamine 0,oH;,NO [74®] 

BiaeatonocyanhydrinCMe2(ON).O.CMe*{OH), or, whe£ hydrated, [60®]. Formed from tri- 
is prepared by adding 1 mol. HCl (gaseoaa or aoetone-aloamin^ by Mel and MepH ^t 100^ (£• 
aqueous) to 1 mol. KON immersed in acetone, Fischer, B. 16, 11605). Slender plates (from 
dissolving the product in^ther, aiid evaporating water). Strongly alki^e. H. W. 

(TJrech, A, 164, 259). Thick shining anhydrous ACETONE ALCOHOXi v, Aoetyl-gabbinol. 
prisms, easily soluble in water, alcohol, and ACETONE-AMUONIA v . Aoetonamikes. 
ether. Melts at 135®>152® and sublimes below ACETONE-BENZIL 0,,H,„0, i.e» 
its melting point in long needles. Decomposed Ph.CO.CPh(OH).CI^.CO.OHj [78®]. 

at ord. temp, by HCl into h'o ''■’.j^noetone, and Preparatioit.—Benzil is shaken with excess 
«-oxy-iso-but^c acid. •§ 9 o 9 acetone and a little cone. KOH, and the 

Suhstiiutim Prodiicts u. ^ ^ crystals obtained are dissolved in ether (free 

Chlobo-acetone, CHLOBo-BROMo-^p^ "So "* ‘fom alcohol), which is allowed to evaporate. 

ACETONE, Cyano-acetone, Tuio-aceto: hH ,<,02 + CjHjO CpHijO, (Japp a. Miller, 0. 

Meta-acetone. — This name was 3 • 47, 21). 

- Fremy {A. CK [2] 50, 6) to an oil oi Proptfri/es.— Colourless square prisms. SoL 

among the products of the distillation of .. her or alcohol. Bcsolved by heat into its con- 

starch, or gum, with quicklime. He ascribcu .. ituents. 

it the formula CgHj^O and boiling-point 84®. Reactions.— 1. Chromic mixture gives ben- 

Gottlieb (A. 52, 128) converted it by chromic zoic and acetic acids.— 2. Dry NHj gives ace- 
mixture into propionic acid (called therefore tone-henzilimide (q. v.). — 3. Alcoholic hydroxy- 
Metacetonio acid). Benedikt (A. 1G2, 303) lamine gives C,-H,b 02(NOH), [140^] ; m. sol, 
found V.D. 3*53 instead of 3*59, and stated that benzene, si. sol. ether. This body is not affected 
it did not combine with NaHSOg. Meta-acetone by further treatment with hydroxyl amine, 
has also been examined by Favre (.4. Ch. [3] 11, Dehydro-acetone-benzil Cj.H^Oj i.e. * 

80), Cahours (C. R. 30, 319), who describes it 

as present in crude wood spirit, Lies-Bodart {J. Ph-CO-CPh-^ \CO [149®]. 

1856, 455), and Schwartz (/. 1850, 53.3). Never- 

theless Pinner [B. 15, 58G ; IG, 1729) considers Preparation.— BenzW is shaken with excess 
metacetone to be a very complicated mixture, of pure acetone and excess of cone. KOH (J. a. 

H. W. M.) + C,H,0 = + H.,0. 

Para-acetone v . Pinacone. Properties.— Colourless prisms. 

ACETONE-ALCAMINES. ~ These are pro- Pcactio7is.—l. Converted by 6ro?;»’nc in chlo- 
ducts derived from the acetonamines by reduc- reform to a hromo derivative, CpHjaBvOi, [172®]; 
tion, their CO being converted into CH(OH). slendcrneedles (from glacial HO Ac).— 2. Chromic 
Diacetone - alcamine C«H,5.NO i.e. acid in glacial IlOAc forms an acid, CiJIj^Oi, 
NH2.CMe2.CH.,.CH(OH).Me (175®). Formed by [152®] ; ifeedles. Salts, Ag^'-BaA'o 2af6 
reduction of diacetonaraine by gradually adding Dehydro-acetone-di-benzil C3,H,_.,0., [195®], 
sodium-amalgam to its solution in alcoliol Formation.- 1. From acetone-bcnzil and di- 
diluted with aqueous ammonia. Liquid, having | lute alcoholic KOH. — 2. From acetone, excess 
■ a faint ammoniacal odour, miscible in all pro- of benzil, and a little cone. KOH. 
portions with water. Absorbs CO. from the 2C,4H,„02 + C.,H,iO = C„H.2,0,-i-ILO. 

air ; fumes with HCl. (CfiH,jNOnCl).PtCl4 Pro/>cr/ic5.— Colourless crystals (from ben- 
forms orange-red triclinic crystals, easily soluble zone) ; si. sol. boiling alcohol. Crystallises from 
in hot water. ® alcohol with one molecule EtOH. 

EthyUdene-diacetone-alcamine ACETONE-BENZILIMIDE C, JI^NO^ [176®]. 

• H^C — CH(OH) — CHj From ace tone-ben zi I and dry NH3. Flat plates 

CgHj.NO i.e. ! I (from alcohol). Heated with HCl and oxalic 

MeHC — NH — CMcj acid, gives a red gum (J. a. M.). 

Oxy-tri-methyl-hexa-hydro-pyridine [12.3°]. ACETONE-BORIC ACID v. Acetone. 

Colourless crystalline solid. Easily soluble in ACETONE - BROMIDE = ni - Buomo • propane 

■jgater and alcoliol, sparingly in ether, and ben- {q. v.). 

forms”' Formed oy reduction of ethylidenc- ACETONE - BROMOFORM C^HjOBr, i.e, 
sodiurn-ara.algam in slightly Me.2C(OII).CBr3 [175°], or, when hydrated [T67®]. 
cold, V. sol. hoi, liydro-chloride From bromoform (5g.), acetone (30g.), and soda- 

normal oxalate the sulphate large flat lime (8g.) (Willgerodt a. A. Muller, C, C. 1884, 

Unct very deliquescSiZj 1794). 808). 

absolute alcohol ; iheacuitj^n^ifl^^ ACETONE CARBOXYLIC (A^ID « Aceto- 

crystallises in small pris3^~CHi acetic acid (y. t7.). 

alcohol. The picrate form J [128*5®] Acetone di-carboxylio acid 

(GatSftbmann, A. 197, 38). ue>?®2 CO2H.CH2.CO.CH2CO2H [c. 130®]. Formed by 

Dimcthyl^cetonamine 3 Formed heating citric acid with HjjSOi. Colourless 
C3H„NOi.e. CQMc.CH2.CM4‘pr.^y needles. Split up into fiO-^^nd acetone by 

Is formed on heating a solution of in heat, by boiling water, or by warm, acids or al- 

mine in acetone at 100®-105® in a sooirs, contains methylenio hydrogen dig- 

Free dimelhjWiacetonamine has not this by Na. Fo^Cl, gives a violet oqjoujr. 

lained se it very easily splits up into dimre to a with phenyl-hydrazme (Peohmann, 3. 

amine and mesityl oxide. Hhe platifio-chKhe 1^7, 2542), It forms a compound with H(^, 
(CVHJ^OHCl)2ptCl4 crystallises m small tab% 69), tapomflcation produces oitrio acid. 
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KaKO, mterto It into^-oximido-aoetone (Pech- 
mann a« Wehsarg, B. 19, 2466). 

o. The $thyl ether is an oil which can give 
jise to salts by exchanging its methylenic hy- 
•drogen for Sipdiiiza or copper. J^eactio^.^l» 
Sy successive treatment with irodium and an 
alkyl iodide (BI) the following ethers may be 
got: 00 ,Et.CH 2 .C 0 .CHR.C 02 Et, 

■ OO^t.OHR.CO.CHB.CO,Et, 
COaEt.CHR.CO,OR2.CO.,Et, 
and finaUy CO,Et.CIii.CO.CR,.CO,>Et. 

The acids obtained by saponifying those bodies 
are split up by heat into GOj and alkyhacetones 
(Biinschmann a. v, Pechmann, B. 18, 2289). — 
A Acetone di-carboxylic ether (100 g.) is con- 
verted by heating with Na (21 g.) into di-oxy- 
phenyl-acetic di-carboxylic ether 

0,H(0H)2(C0.^t),.CH2.C0,Et 
(Cornelius a. j?echinann, B. 19, 1440). — 3. Am- 
monia produces iS-oxy-iS-amido-glutaramie ether, 
CO^t.CH2.C(OH) (NH,).CH,.CO.NH, [8G°J 
(v. Pechmann a. Stokes, B. 18, 2290 ; 19, 2694). 

acetone chloride V. Ji-CHLORo-piiopANK. 

ACETONE CHLOROFORM C^H^OClg i.e, 
MejO(OH) .CClj. Oxy - iso - butyro - tri - chloride. 
[90°] or when hydrated, + ^ aq, [81°] (107° uneor.). 
•■Prepared by adding solid KOH to a cold mix- 
ture of acetone and chloroform. It is a crystal- 
line solid, resembling camphor in api^arance and 
' .smell. Rotates on water. V. sol. alcohol, ether, 
chloroform, acetone, or glacial HOAc, insol. 
water. Volatile with steam. Converted by water 
at 180° into a-oxy-iso-butyric acid (Willgorodt, 
- B. 14, 2451; 15, 2305; 10, 1585). 

ACETONE CYANHYDRIN v. Acetone, 

ACETONE-HYDROQUINONE C„H, A- From 
acetone and hydroquinone (Habormann, M, 5, 
829). 

ACETONE HTDRV^YLAMIDE v. Ace joxim, 

ACETONE-PHENANTHRAQUINONE 

0,,H.A [90-]. 

Formation, — From phenanthraquinone by 
heating with a large excess of acetone at 200°. 

• Theproduot is washed with NaHSO.j and extracted 
with ether (Japp a. Streatfeila, C. J. 41, 274). 

Preparation. — Phenanthraquinone (50 g.) is 
shaken in a glass with acetone (00 g.) and cone. 
NH,Aq(40o.c,). Acetone-phenanthraquinonimide 
is formed and hlteredoU ; aftorwashingwith ether, 
it is made into a cream with water and stirred 
into a solution of oxalic acid (90 g.) in water 
(800 0 . 0 .) at 25°. The substance dis.solve3, but 
minute needles of acetone-pheiiantliraquiuone 
soon separate (Japp a. Miller, C. J. 47, 18). 

Pro^rlies. — Largo thin blades (from ether). 
Insol. water, v. sol. other, acetone or alcohol.. ' 

Reactions. — 1. By heat, by boiling water, or 
by boiUng alcohol, it is resolved into acetone and 
phenanthraquinone: C„H,.,0„ = + CaAO. 

2. Zinc afl(>glacial HOAo form C„HjA 
[121°]. This is extracted by ether and crystal- 
lised from alcohol. It forms long slender needles, 
V. e. sol. • ether or chloroform, v. sol, boiling 
alcohol, V. si. sol. cold alcohol. Sublimes in 
leathery crystals.^ It cdiccolorlses bromine. — 3. 
A few ^ops of d^ute aqueous KOH added to 
an alcoholio solution foiTus minute crystals of 
acetoui-di-phenanthraquinone {q. v.).— 4. Coat. 
EOd^ (S.G. 1*27) added to a solution of^acetone- 
phenanthraquinone in acetone forma a crystal- 
line mass of di-acetone-phenanthraq^inone.-^ 
VoL. I, . 


5. Ammoma passed into^aii' etEdfbal solution of 
acetone-phenanthr^m^none forma crystals ol 
aoetone-pjhenauthraquiNonimide. 

Acetone • di - pbenantlpraqut&one 0„HnO| 
[190°]. Formed by adding a little dilute KOH 
to an alcoholic solution of acetone-phenanthra- 
quinone (J. a. M.)e 20i,H«O,- C„H2304+ C,HA 
Colourless crystals (from oenzene). 

Di - acetone - phenanthraquinone OuHLO. 
[187°]. 

^ Preparation.-— Pare acetone (43 g.) is shaken 
with finely powdered phenanthraquinone (50 g.) 
and a little (2 c.c.) cone. KOHAq (S.G. 1*27). 
After 12 hrs. the resulting solid cake is washed 


with ether and crystallised from acetone (J. a. M.). 

Properties . — Short oblique prisms. Sparingly 
soluble in the usual menstrua. Sol. acetone or 
benzene. Decomposed by boiling glacial HOAo 
or amyl alcohol. Decomposed on melting into 
acetone and phenanthraquinone. 

Reactions . — Boiling Ac.O converts it into de- 
hydro-di-acetone-phenanthraquinone. 

Dehydro-di-acetone-phenauthraquinone 
C.^H,g 03 [179°-181°]. Colourless pointed prisms 
(from benzene). Formed as above. Its constita> 
lion is perhaps : 

C^A.C-CACOMe 
' 0 


i> 


C,H,.C-CH3COMo 
D ehydro-acetone-phenanthraquinono 
CjjHiAz [195°]. Formed in small quantity, 
together with di - acetone • phenanthraquinone 
when excess of KOHAq fS.G. 1*27) acts upon 
a mixture of acetone ana phenanthraquinone. 
It is present in the ethereal washings of the di- 
acetone-phenanthraquinone (J. a. M.). 

Groups of minute needles (from benzene) t 
m. sol. hot benzene, hot alcohol, or ether. 

Acetone-phenanthraquinonimide O^HuNO, 
[130°]. Formation . — By passing NH, iJtto an 
ethereal solution of acetone-phenanthraquinone. 
Preparation . — Phenanthraquinone (60 g.), 
acetone (60 g.), and cone. NHjAq (40 c.c.), shaken 
together form a white crystalline powder which 
is washed wit^ other and crystallised from aoa« 
tone containing a little NHjAq ; 

0, AO* + CjAO + NH, = CkH.^NO* + h*q 
(J. a. S.). Colourless rhomboidal laminro. 
Reactions. — 1. Ac*0 decomposes it, forming 
phenanthraquinone.— -2. Cold cone. HOI dis- 
solves it, but the solution soon deposits a dark 
blue substance. The diluted filtrate deposits co- 
lourless needles of acetone-phenAnthraquinone : 

C,AiNO., + H*0 = C„H,A + NH, 

By using cone, aqueous oxalic acid as a solven'l 
the formation of the blue compound may be 
avoided, and after dilution, th9 needles separate 
as before. 

The following constitutional formula . are 
suggested by Japp and Miller to explain the 
properties of the preceding bodies ; 


CA-C(OH).CH.,.CO.Me 
C.H,.CO 


forC,:fit.6. 


, C.U,.C(OH).CH,.OO.Me 
0,H,.0(0H).CH,.C0.Me 


for C,,H„NO, 

m 

for 

X> 



It diBsolvM m oold aqueoas acids and on warm- 

mg tne solution it is resolved into its constituents 
(Beisenegger, B. 16, 662). 

. „ W-ACETOHS-PHMPHINKI acid 
OA^O.aq, j.e (c6.),CH.CHAc.P0(0H),aq, 
or, less probably (CH,.CO.CH,)^H(OH).aq. Z)l 
OMUmyl-phosphinic acid, iso-propyl-acetonyU 
pfwspiwnic add, a-acetyl-i^o-Mitane w-vhosvlio- 
ntc acid [64% Formed by the action of water 
chloride (vi/m). 
(MichaeliB, £. 17, 127a ; 18, 902) : ' ^ 

C,H,„0,^C1 + 2H,0 = C,H„P0, + HC1. 

Blender needles. V. e. sol. water or alcohol, v. 
Bol. ether. Strong dibasic acid. 

SaUs.-^mi,HA". V. sol. water, 8l. sol. alco. 

alcohol. 
V. sol. water, si. sol. 
acohol. BaA 6aq; m. sol. hot water; iri- 

pkI"® = ‘785 * 1 : 2*525.-- 

PbA'.-PbA" i PbO.-MgA" Gaq; ppd. by al- 
cohol from aqueous solution in glittering plates. 
TO A// ’ “®l^?«e6cent gum ; v. sol. alcohol.— 

1 u 1 * * f needles, v. sol. water, si. sol. 
alcohol. — Ag.jA\ 

® tribasio ctys- 

tolline acid C,H.PO,,possibl7^.carbo.xy.propanc. 

CH3’CU(CO,H).CllJo(OiI),. 
The salts Ag,^". and Ba,A“ , are crystalline. 

Colourless 

erystds ; y. sol. water or alcohol j dibasic acid. 
lJi-AC6tone-phenyl«phosphinic Acid 

(CH,)jCH.CH(CO.CH 3).PO{C„H,,)OH. [86®]. 
^epared by adding P.^Oj to a mixture of acetone 
and phosphenyl chloride, and treating the pro- 
duct with water : o f « 

(1) 2C,H„0 + CgH.PCIj,— H,.0 = C,.H,ofC IT )POCl 

(2) C.H,p(C,HJPOCl, ; 2 H:o » 

1 I , C„H,,(C«HOP03 + 2HCI. 

^ng colourless plates ( + H^O). Sol. hot water, 
sol. cold water and ether, v. e. sol. alcohol. 

Ihe anhydrous acid forms a glassy mass, v. sol. 

B. 19* 1009 )’ • (^iichaelis, 

pi-Aoetone-;p-tolyl-phosphinio Acid 

/nrr \ probably 

Obtained by adding P,0» to a mixture of acetone 
chloride, and treating 
the product with water. Glistening plates ; sol. 
hot water, v. sol. alcohol and ether. A'Ag • 
J^®”^«[|j'stening soluble needles. (Micliaelis, b\ 

DI-ACETOBE-PHOSPHOKIC-TKI-CHLOEIDE 

O.H,.O.PCl, iii (CH,),:C-0 
niKoi T, cn3.c0.cn -PCI3 '' 

[115 J. Formed by passing chlorine into a solu- 
tion of di-acetone-phosphorous chloride in pe- 
tr^eum-ether (Michaelis, B. 18, 901). Colour- 
® petroleum-ether. 

PLACETOwE-PHOSPHOKIC-CHIOEO'BEOMIDE 

CAAPClBr, i.e. " ? «. 

niooi „ CH,.co.CH-PClBr, '{/ 

Wui' ♦ ’’y addition of bromine to a so- 

lutiOMf di-acctono-phosphorous chloride in light 
I«^um (Miohaehs, B. 18, 900). Colouring 
SL gol. hght petroleum. It ieiecom- 1 


acid, HOI, and HBr. ’ 

ACETONE-PHOSPHOEOTfS ACTDo. AcKtoni. 
BI-ACETOKE-PHOSPHOSOirS CHIOBZDS 

0%,fiAu (,) 

. CH,.CO.CH.PCl ' ' '• 

(236“) at 746 mm. 
S.G. (liquid) }f 1'209. Prepared by glowly add- 
/rn (8 pts.) to a cooled mixture of POL 
(oO pts.) and 2^ times its volume of acetone; 
yield : 6 pts. It is decomposed by water into 
di-acctone-phosphinio acid OaHuPO. and HCl. 
It readily combines with 1 mol. of chlorine or 
bromine (Michaelis, B. 17, 1273; 18. 898) 
ACETOXE SUIPHOXIC ACID v. Aoetonb 
® [^XY-ISO-BUTYBIC AoiO, 
DI-ACETOXIC ALCOHOL ti. Acbtyl-buxtIi 
alcohol. 

ACETONip c„H,N 3. This base desoribea 
by Stadcler (A. Ill, 277),Hlasiwetz (A. 76, 294). 

228), was found by Heinti 
(A . 201, 102) to be a mixture of di-acetonamineu 
tri-aeetonamme, and tri-acetone-di-amine. 

I ACETOXINES. Bases obtained by dehy- 
drating acetone-alcamines by cone. H-SO ^ 

CHiCH.CHj CHjCaCH 

bfeCH.NH.CMo, " MciH.NH.CMe. 
;^rt~viethyUtctra-hydropyridine. (132°-i37® ) 
Formed from cthylidene-di-acetone-alcamine 
iUou "at w: by heating for 

Colourless oil with alkaline reaction. Volatile 
with steam. SI sol. water, more soluble in cold 
than in hot water. Miscible with alcohol, ether, 
or chloroform. Heated with HI. it yields iodo- 
tri-methyl-piperidino, CjH,Me 3 lN [60®]. 

Stilts, B HI ; slendrr, sparingly ' soluble 
needles.— B'HBr; small soluble trimetrio pyra- 
mids (Fischer, B. 17, 1795). 

Benzylidene-di-acetonine C.,H, N ie 
H.,C--CH=.CH HCJCH-CH, 

PhHC-NH &,Io, "phHC-NH-iMe, 
i fi(’i^jl-di~methyl-teiradiydro~ 2 >yridiiie. Formed 
)y the action of strong HgSO^ on benzylidene- ' 
Ui-acctonc-alcamine. 

Distils undecomposed. Volatile with steam. 

V. sol. alcohol or ether, v. si. sol. water. 

6'aZ^s.— >‘B'HBr: colourless tables or needles, 
bI. sol. cold water. — B'HI ; sparingly soluble 
needles.— “B HAuCl^. (Fischer, B, 17, 1797 ) 
Tri-acetonine » • / 

. HaC.CHiCH 

MeX.NH.fcMe, («6”) at 740 mm. 
Tetra^mcthyldetra-hydro-pyridine, 

Prepared by heating tri-acetone-alcamine 
U pt.) with strong H,SO, (3 j>ls.) on a water- 
bath for an hour, pouring intd'water, neutralising 
the acid, mid distilling the base over wiUi steam 
(Fischer, B. 16, 1604). 

Froj9cr/ics.— Mobile, fluid, smelling like pipe- 
ndine. It combines with water forming a hydrate 
crystallising in long wfcite <?'eGdle8, which give 
off their water at a moderate temperature. Vo- 
latile with steam. Poisonous. By Wting with 
? o *odo*tctra-methyl -piperidine. 0 
Salts. — B'HBr; large white prisms, sh soL 
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! yellowish tables; 
T. sol. alcohol) ethef) and benzene, nearly in- 
.Bolnble in water; volatile with steam; strong 
toarnphor-lilcesmilll # ^ 

I Methyl Privative CpHi^NMef colourless oil 
very volatile with steam, sparingly soluble in 
water (Fischer, B. 17, llfidp 

ACETO-NITRANILIDE v. Nitro-anilinb. 
ACETONITRILE C,H,N i.e. Crr,.G:N. 
JMeth^ cyanide, methyl isocyanide, M.w. 41. 
(81*6^ at 760 mm, (Vincent a. Dolacbanal, 
hi, 33, 405) ; (81-3«) (It. Schiff, B, 19, 567). 

5. G. 2 -805 ; *789 (V. a. D.). S.V. 57-23 (S.). 

H.F.p.-- 15,680. H.F.V.- 16,200 (Thomson). 

fin 1'3468 (V. a. D.). Ror, 18 00 (KanonnikolT, 
J. pr, [2] 31, 301). V.D. 1*45 (for 1-12). 

- OccUirence. — In crude benzene {V. a. D.). 
Fovinatio 7 i, — 1. Dry KMeSO, is distille<l with 
dry KCN and the distillate roctinod over CiiCl., 
(Frankland a. Kolbe, C. S. Mcnt. 3, .‘J.S6 ; A . 65, 
288).— 2. From Mo.SO, and JCCX, tho product 
being distilled over IJgO and then over P.D, 
(Dumas, Malaguti a. Leblanc, C. A*. 25, 17i). — 3. 
By distilling NH.OAc with P.,0, (Dumas, C. R. 
35, 383). — 4. By di.stiiling acetamide willi P.,0, , 
(fluckton a. Hofmann, C. J. 9, 212).— 5. By dis- j 
tilling acetaiii/do (.5 inols.) with P.^H, (1 mol.), j 
washing the product with NaOJJAciaiid dige.sting ; 
with PbO (Henry, A. 152, 149). -6. From aceta- j 
mide by action of PCI, (Wallach, A. LSI, 21). j 
Preparation, —I, By buihng acotamido (500 : 
g.) for a week with a little glacial acetic acid, 
the water produced being constantly allowed to i 
. distil off. The theoretical yield is got (Do- 
mar^ay, Bl, [2] 33, 456). | 

As.— Colourless liquid with aplo.asant ; 
ethereal odour; burns with a rcddi.sh -bordered ' 
^me. •Miscible with water, but separated by 
salts from the solution. Mixes with alcohol. 
The presence of a little alcoliol lowers itsboiling- 
,point several degrees (D.). ^ j 

Reactions. — 1. Hot aqueous KOII acts thus ; 
CH;,.CN -t- H.,0 + KOli - Cn,CO.,K -r NH.,. 

2. Chromic and* nitric acidf have no action.— j 

3. Heated with Na, it forma Cya.vmkteiine {q,v.) | 
and NaCN.-4. Glacial HO Ac at 200<" forma di- ^ 
acetamide: CH ,CN -h C1I,.CO.OH = (Cn.,.CO).,Nll i 
(Gautier, A. 150, 189).- 5. Ac.,0, forms tri- 
aoetamido: Cn;,.CN + (CH,.CO).,() - (Cl l,.CO),N. 

6. Combines with dry HBr, HI, and (with 
difficulty) witli HCl (Gautier, A. 112, 291). - 7. 
Bromine forms the liydrobromide of tho nitrile 
of Bromo-acexic acid (q.v.), Cll.Br.ClliNBr f65^J. 

Conibinaii07is.~ C41:,N2I{Br, orCH.,.ClL.NBr2 
f47°-5(5‘^] crystals; maybe aubliiiied, — C.JT^NPCl^ 
(72®) ; dissociated above its boiling point (Hencke, 
A, 106; 281).— Cdl^NSbClj, formed with great 
rise of temperature; white crystals which may bo 
sublimed (H.).-^-C!.JI;,NAuCl3 : brownish -yellow 
pottder (H.).— (C3H.,N).2TiClG white crystalline 
crusts ; may bo sublimed (H.). — (C.3HjN)29nCl4 ; 
sublimes in arborescent formatfbns (H.). — 
C.jH,K9Hg(CN)j ; white vitreous mass; decom- 
poses oven over (Hesse, A. 110, 202), 

.CHa.C(NH.J;NOflrfor^d by the union of aceto- 
nitrile with hydroxylamine v. ETHENYL-AMin-oxi.'tf. 

ACETONURAMIC ACID i.e. 

KHj.CO.KH.CMe.,.COOH. a-Uramido-iso-bufric 
acidt di-methyUhydantoic acid. Obtained, as 
barinm salt (OjHgN,OABa(OH).^, by*prolonged 
boiling A a Bolatlonof 4i>J&othyl-hydaQto'm Avith 


havyia-water. Tho acid itself appears to be very 
unstable (tJreoh, A* ICAi 255). A more stable 
acid of the same composition is obtained by 
evaporating the mixed solutions of the sulphate 
of amido-isobutyrio acid and potassium oyanato. 
It forms orystals^mclting, with loss of water, at 
160®, moderately soluble^n hot water and alco- 
hol. Decomposed by prolonged heating at 
130®- 140® into water and di-methyl-hydantoin. 
CaHpAgNjOj crystallises in needles (IJroch, A, 
164, 274). H. W. 

ACETONYI-ACETO-ACETIC ETHER C„H,*0<, 
i.e. CH.,.C 0 .CH 2 .CHAc.C 02 Et, a-fi-di~acetyl pro- 
pionic ether. 

From aceto-acntic ether and chloro-acetono 
(Wcltnor, B. 17, 07). liiquid. Warm cone. 
irCl changes it to pyrotritarlc ether C,H,0,Et. 

! Water at 160® produces some acctonyl-acetone. 

I ACETONYL-ACETONE C,H,„0., i.e, 

I CH3.C0.CH,.CU.,.C0.CH;,. Di-methylethylenedi- 
! ketone. (18B’ uncor.) 

I Formation. -(1 ) By heating pyrotritario acid 
I (di-methyl-fiirfarane-carboxylic acid) with water 
I at 150®-160® ; yield nearly theoretical. (2) By 
! heating acetojiyl-aooto-acetio ether with water 
at about 160® ; small yield. 

iVoper/A.?. —Mobile liquid of peculiar smell. 
Miscible with water, alcohol, and ether, insol. 
cone. KOHAq, or KDO^Aq. 

Reactions. — P.^S,, when heated with it, forms 
tliioxene C.^H^S. -^Heating with alcoholic NB, 
gives di-incthyl -pyrrol (Paal,B.18,2251); amines 
behave similarly (Paal a. iSchneidor, B, 19, 3156). 

DAox vm CH.,.C(NOH).ClI.,.OH2.C(NOH).CH, 
[135®]. White glistening plates, v. sol. hot water, 
alcohol, or ether, v. si, sol. benzene, 

I) i-p hcnyl-d i-h y dr azide O.^H ^(CMeilfsHPh)^ 
[120®] : plates, v. sol. alcohol, other, or benzene, 
iiearly insol. light petroleum (Paal, B. 18, 58). 

ACETONYL-CARBAMATE CjH,NOj [76®]. 
Formed by boiling acetonyl thiooarbamate 
{infra) with lead acetate or silver oxide. 
Crystallises from water in prisms, may be dis- 
tilled ; dissolves in water, alcohol, and ether, 
Decomposed by heating with strong hydrochloric 
acid or bary^^-water, yielding CO., NH„ and 
a-oxy-iso-butyric acid. Tho salts C^H^gNO,, 
and AgN0,.2aH,N03 are crystalline (Ureii, B, 
11,467; 13, 135). H.W. 

ACETONYL-PHOSPHINIC ACID OjK-POoLe. 
CH3.C0.CH2.P(0H).,. Residue left after distilling 
acetone with I and P {v. Acetone -phosphorous 
acid under Acetoni;), iS’nZf.— Ba(03H,jPOj)a. 

Di-acetonyl phosphinio Acid v. Bi-aobtosIb- 
pnnspiiiNio ACID. 

Di-acetonyl-pbosphorous Chloride v, Dx-aob* 

TONE-rnoSPHOKOUS CIILOUIDE. 

ACETONYL. QUINOLINE C,.,H„NQ iA 
XH:Cn 
c.hX I 

\n :C-CIL.C0.CH, 

Quinolyl-acetone. [76®J. Prepared by redu^ng 
o-nitro-cinnamoyl-acetone in alcoljj^lio solution 
with SnClj. Long yellow needles. ‘ Pistils with- 
out decomposition. Sparingly volatile with 
steam. Insol. cold water, si. sol. hot water, 
l^-es wool and silk yellow. Heated with strong 
HCl at 170® it gives (Py. 3).me%yl-qumoline 
(Fischer a. Kuzel, B. 16, 163). • 

ACETONYL-THIO-CARBAMATE (so called) 
OJifNSOr TlmosUmwramic oM, [lli®]. 
- n8 



AOmNYL-TBIMASBAil^m 


Fonnad by treating acetone with a mixtare cf 
TOtassinm cyanide andsnlphocyanide, and HOI: 
0^,0 + ONH + CNSH f ^0 « NH, + O^H^NSO,. 
Long needles; easily sublimable; very soluble 
in ether; less easily in cold water. Eesolved 
by healing with HCl in a sealed tube at 120® 
into COj, H;jS, NHj, a^d o-oxy-iso-butyric acid. 
The silver salt Cjn^AgNSO, is very sparingly 
Bbluble (Urech, B. 6, 1117). H. W. 

ACETONYL-UREA V . di*Methtl htdantoin. 
ACETO-FHENINE v. Acetophenone, Be- 
action 6. 

ACETO-PHENONE C«H«0 i.c. C,H,.C0.CH3. 
Phenyl methyl he tone ^ Acciyl-henzene. M. w. 
120. [20*5®]. (202® cor.). S. G. i.032. 

Formation. — 1. By distilling calcium ben- 
zoate with calcium acetate (Friedel, A. 108 
122). — 2. From BzCl and ZnMc._. (Popoff, A. 
161, 29G). — 3. By action of KOHAq on ben- 
zoyl-accto-acetic ether. — 4. From phenyl- 
acetylene by shaking with diluted (75 p.c.) 
H.^SO< (Friedel a. Balsohn, Bl. [2] 35, 54): 
Ph.CiCH + ILO-Ph.CO.CHa.— 5. From bromo- 
styrene and *H.SO^ : small yield. — C. Broino- 
styrene heated with a large excess of water for 
12 hours at 180® yields 66 per cent. (Friedel 
a. Balsohn, Bl. [2J 32, 613).-7. From ethyl- 
benzene and chromic acid in acetic acid (F. a. 

B. ).— 8. From di-hromo-phenyl-propionic acid, 
CH.J3r.CBiTh.CO,.H by boiling water (Fittig a. 
Wurster, A. 105, iOO). 

Preprtra^io?^.— From benzene (10 pts.), acetyl 
chloride (1 pt.), and AICI3 (2 pts.) (llicliter). 

Iiavgc plates. Dou-snotcomhine 
with NaHSOa but, like other ketones, it reacts with 
hydroxyl amine, phenyl-hydrazine, and HCN. 

Bcactions* — 1. Chromic-mixture o-Kiilises itto 
benzoic and carbonic acids (PopolT). — 2. Sodiinn- 
amalgam reduces it to phenyl metb.yl carbinol, 
CIIj.CHPh.OII, and acetopiienone-pinaeone. — 
8. With HI and P at 140® it gives di-pheiiyl-di- 
methyl-ethanc, and a cojiipound C,«H„.0 

(Graebe, B. 7, 1626 ; v. Acktopiikxone-pi.vaco- 
line). — 4.C///or//Jcprodaeos chloro-acciophenone 
Ph.CO.CH,.Cl [50®J (245®) and di-chloro-aceto- 
phenone Ph.CO.CHCL (250® 255 ') v. CuLoao- 
ACETOPHENONE. — 5. Bromine in produces 
bromo-acetophenone, P1j.CO.CII Br [5()®J v. Buo- 
Mo-A^ETOPiiENONE. — 6. Avunmiia in ]jrescnce of 
P.jO, fonns * acctoijhenine ’ C -ilij^N together 
with methane. Acetophenine ciy.stallises from 
alcohol in slender needles, Avhich may be sublimed. 
It is a w’eak base; its hydrochloritio crystallises 
in plates, decomposed by water into HCl and the 
base. Fuming Il5sOj forms tii-nitro-acetophenino 

C. 2 ,Hh(NOo) 3N ; slender needles (from ether). 
Acetophenine is prol>al)lv tri -phenyl-pyridine ; 

XPhiCill. 

)cph 

^^CPh.CH^ 

^ngler a. Biehm, B. 10, 40). — 7. When taken 
internally it reappears in the urine as hip- 
purtc •acid, having, doubtless, been previously 
oxidised a^n lieaction 1 (M. Nencki, J, m. 
123,288). 

Besides the derivatives described below, gee 

also: AmIDO-^ETO|*UENONE, BiiOSIO-ACE'ftjPHENONE. 
UROMf^ITBO-ACETOPUENONK, loDO-ACF.TOPirEXoNE, 
J)l - METHVL - AMIDO - ACETOPHENONE, K ITKO - ACETO- 

riy^oNE, Thxo-acetophenone, Acetopuen-oxhi. 


AOSTOFHBVOITE - AOBTO - ACETIC ACID 

0,3H,30, U. 0H,.00.CH(C0^),CH,C0.C«H, 
AeetopMn(me-ac6t(m-(Mrboxylkacid[lZQi^’-lib% 
SmalUolourl^s oirstals. Obtained by saponidca* 
tion m the etlw which is prepin-ed by the action 
of w-bromo-ac«ophenone on sodio-aceto-acetio 
ether. It is very ^stable. On warming with 
absolute alcohol it evolves GO..> and yields aceto> 
phenone - acetone CH.,. CO. CH.m CH^. CO. CjH, 
(Paal, B. 16, 2865). Acetophcnono-aceto-acetio 
ether is reduced by sodiiun amalgam to a oily 
lactone, CH3.CH.CIl,.CH(CHMcOH).CO.O, soL 

aqueous KOH or Ba(OII).., but insol. aqueous 
ICCOj (Weltuer, B. 17, CO). Amines convert ace- 
tophenone accto-acetic ether into derivatives of 
pyrrol (Paal a. Schneider, B. 10, 3156). 

Dehydro - acetophenone - aceto - acetic acid 
C, JljoOa [114®]. From acetophenone-aceto-acotio 
ether CaH,.CO.Cn,.CH(CO,Et).CO.CH3 by heat- 
ing with alcoholic KOII» Large crystals (from 
benzene mixed with benzoline). From dilute 
alcohol it separates in hydrated needles [115®- 
120®J. By boiling with HCl it is converted into 
plieuyl -methyl-furfurano-carboxylic acid 
HC C(C03H) 

PhC— 0-CMe. 

SoUs.~Kk'. Long silky needles (from al- 
cohol). MH^A'. 

Oxim Ci Hp^NjOa : [172®] ; glistening white 
platc'.s; sparingly soluble in water, easily in 
alcol lol, etlicr, benzene, aqueous acids, and alkalis. 

rhenyUhydrazide CjalljaN^Oa : small needles 
(Paal, B. 17, 910, 2761). 

ACETOPHENONE -ACETONE C„H,.A 
C 1I,.C0.CH.^.CH.^.C0.C JL, {acctyl-benzoyl-ethane 
or ethylene methyl jphc7iy I di-ketone). prepared 
by heating acetophenone-afceto-acetic amd (j.i’.) 
with absolute alcohol. Yellowish heavy oil. SI. 
sol. water, quite insol. alkalis. Cannot be dis- 
tilled (Paal, B. 16, 281)8). 

licactions. — 1. P-jO* removes H,,0 forming 

phenyl-methyl-furifirane, 

I\rcC.O.CPh. 

2. Heated with P.^S- it gi ves, similarly, phenyl- 

.1 1 • 1 CH-Cll 

methyl-thiophene, n n 

MeC.S.CPh. 

3. Heated with alcoholic NH, it gives, simi* 
larly, phenyl-mcthyl-pyrrol, 

MeC.NH.CPh 

(Paal, B. 18, 367). 

Oxi??! CnHijNOj. [123®]. Formed by action 
of hydroxylamine. Long white needles, soluble 
in acids or alkalis. 

Bhenyl-hydrazide C,,H,„N._.0 [c. 105®]. 
White prisms, got by adding jjhenyl -hydrazine 
slowly to a. solution of theketoAein ether (3 vols.). 
V. sol. other or benzene, nearly insoluble in light 
petroleum (J’aal, B. 17, 2763). 

CijHiflN.^ [155°]. Formed by mixing the ke- 
tone with phenyl-hydrazine (cf . Knorr, B. 18, 305). 

Dehydro-acetoplLenoni!-ac^ne 0,,H,„0. 
[83®]. This body is formed together with the 
isomeric phenyl-methyl-ruiiFUKANB by the action 
o!^c.;tO and other dehydrating agents upon ace* 
toimenone-acetone. Cannot be distilled, (;ven 
with steam. It combines with bromine, and 
gives witlf^henyl-hydrazine the same oompound^ 



AOETOJ^NONE OABBOXYLIO ACJTDS. 


that fhe aoetophenohe-aoetona 
itsolf Henoe its oonstitntion must be some- 
thing like CH,.OO.OHj.CiO.O,H.. 



Phenyl- 


OXY-AOETOPHENONB. 

ACETOPHEKONE - AKILIDE 

itUOO-ACETOPnENONB. 

AOETOPHENOEE-BENZIL C,,,H,„03 [102°]. 
Acetophenone and powdered benzil in equiva- 
lent proportions are shaken with an excess of 
cone. KOH (S. G. 1*27). After a few days a 
solid cake is foimed, which is washed with water 
and then treated with ether. This leaves dehydro- 
acetophenone-benzil undissolved, and on evapo- 
ration deposits oblique prisms of acetophenorie- 
benzil, which should be recrystallised from 
alcohol. It is v. sol. ether or hot alcohol, si. sol. 
cold alcohol. Above its melting-point it gives 
off acetophenone. Its constitution is probably 
Ph.CO.CPh(Ori).CH,..CO.Ph (Japp a. Miller, 0. 
J. 47, 34). 

Dehydro-acetophenone benzil [129°]. 

Formation.See above. 

• Preparatimi, — Equivalent quantities of aceto- 
phenone are shaken with excess of cono. KOH 
(S.G. 1*27) and kept liquid for some hours by the 
application of sulKcicnt heat. Tlie product is 
treated as described above, but ether extracts 
hardly anything. The residue insoluble in ether 
is crystallised from alcohol (J. a. M.). 

C, ,H„0, + C JI«0 = + H,0. 

Properties,— Tvitts of flat needles (from alco- 
hol). V, si. sol. ether or cold alcohol, v. sol. 
boiling alcohol. 

Reactions. — Bromine added to its solution in 
chloroform unites forming largo reddish crys- 
tals which are apparently the tetrabromido 
C.j.jH,gO;jBr4 [110°-115°]. Pecomes dark at 70°, 
and pale again at 80°. The bromine is given oil i 
in a few weeks over lime. | 

—Dehydro-acotoplienone-bcnzil 
differs from dehydro-acetonelbenzil not only in 
forming a bromide but also in having a very 
much lower melting-point than would be expected 
if they were of analogous structure. Japp a. 
Miller assign to dehydro-acetone-henzil the for- 
mula Ph.CO.CPh<^^|j'^CO, and the unsatu- 
rated formula Ph.CO.C AiCH.CO.Ph to dehydro- 
acetophenone-bcnzil. The latter formula can, 
however, account only for a di- and not for a 
tetra-bromide (C. J. 47, 37). 

ACETOPHENONE CABBOXTLIG ACIDS. 

Acetophenone «-Carboxylio Acid Call^Oa 
C,H^.C0.CH3.C0.^H V . Benzoyl-acetic acii>. 

Acetophenone o-Carboxylio Acid [1 : 2] 
CO,jH.O-H4.CO.GyBU, o-Acetyl-hcnzoio acid. 
[115"]. 

Formation,— 1, Together with CO.,, from 
acetophenone di-carboxylio acid by beating, long 
boiling with water, or by potash-fusion.— 2. By 
heating phthalyl-acetic acid with water at 200° : 


C \ +H,( 

^00.0 


^0.-0II.C03l 


H,0* 


\ 

• COaH.O.H4.CO.OH, + CO, / 

(Gabriel a. Michael, B, 10, 1554). — 3. From 
methylene-phthalide by warming with Viueous 
KOH (Gabriel, B. 17. 2624) ^ ^ 


(g=.CO,H.0aH4.0O.CH,. 

Properties.— Bxoo.di crystals, with sweet taste. 
Reactions. — 1. Bromine and glacial acetic 
acid at 100° convert it into bromo-methylene- 
•c^CHBr 

phthalide CnH,^ \ 

^CO.O 

2. Cone. n.,S04 forms, in the cold, two bodies^ 
C,JI,.A [216°] and C.^H.^O, [c. 134°]. The 
latter body is a monobasic acid, di-acetophe- 
nono carboxylic acid, and splits up into 
CO^and the former body when it is heated above 
its melting-point (W.Koser, B. 17,2620; Gabriel, 

B. 17, 206.5). —3. Alcoholic Nila for fourteen hours 
at 100° forms a base, CisH^N^O,. [204°-210°] 
It crystallises in long needles, insol. water or 
alcohol and gives a nitroso-derivative [246°] 
(Gabriel, B. 18, 1258). — 4. Ac.O and NaOAcform 
Ac.CgHi.CO .Ao [71°] ; needles, insol. alkahs 
(Gabriel, 14, 921). 

Phenyl-hy dr azide 

c6,n.C«H4.CMc(N2HPh) 

[102°]. Small prisms or large tables, v, e. Boh 
alcohol (lloser, B. 18, 804). 

Oxim. — The anhydride of this body, 

^ _ ,CMe:N 

[159°] is formed by the action of hydroxylamine 
(base) on acetophenone-o-carboxylic ether, or of 
hydroxylamine hydrochloride upon acetophenone 
di-carboxylic ether. It is also got, together with 
CO.^, when the oxim of acetophenone di-car- 
boxylic acid is heated. It crystallises in colour- 
less needles (Gabriel, B. 10, 1993). 

Acetophenone p-Carboxylio Acid C„H,0, 
[1 : 4] C0.,II.C,H4.C0.CH3. [200°]. Formed, to- 
gether with tcrephthalic acid, by warming exo- 
o.xy -isopropyl-benzoic acid Me.^C{OH).CaH4.CO.^H 
with chromic mixture (B. Meyer, B. 12, 1071 • 
.1. 219, 259). The process is similar to thal 
by which tri-metliyl-carbinol is converted into 
acetone. Needles (from water). May be sublimed. 
V. si. sol. cold water, si. sol. hot water, alcohol 
or ether. * 

Salts.~'BaA.'.\Q.q.~ Cu A/aq. — PbA'jl Jaq. — 
AgA . 

Methyl ether.— McM, [92°]. Small needles. 
Acetophenone o-w-di-carboxylic acid 

C. oHAaq CO,H.CJI,.CO.CK,.C02n aq. 

Benzoijl-acct-carhoxylic acid. [90°]. Formed 
by dissolving phthalyl-acetic acid {q. v.) in cold 
aqueous NaOH and ppg. by HCl (Gabriel a. 
Michael, B. 10, 1553). It behaves, therefore, 
as if phthalyl-acetic acid were its anhydride. 
Broad needles (from water). (]yi molting, it splits 
up into HnO, COj and acetophenone o-carboxylio 
acid {q. V.), 

Salt: AgA'; granular pp. 

Phenyl-hy dr azine^ in alooholio solution 
in presence of HO Ac, forms the anhydrides! 

phenyl-hydrazide ; CjH4<^ ^NgPh 


CO-" 

ItHs soluble in NaOHAq and is reppd. by HOL 
ri60°] givmg off COj. It forms sal^, e.g . ; 
(Oj^„N.p,)2Ca3aq (W. Roser, B. 18, .808]^ • ' 
Hydroxylamine forms, in like manner, not 
the oxim but its anhydride : 









0H,00,H 


oo.e/ 


[e» 150^]. This is a mono-basio aoid, and splits 
ap, when heated, into COj and the anhydride of 
the oxim ol acotophenone*o-carboxylio acid 
(above). 0 ® 

ACETOPHENONE CHLOEIDE v. di-Ohlobo- 

BTHTL^BENZBNE. 

ACETOPHENONE CYANHYDRIN C«H„NO, 
i.e. Ph.C(OH)(CN).Me a-oxy-a-phenijl-proi)io- 
nitrile^ a-oxy-hydro-atropo-nitnle. Formed by 
mixing acetophenone with KCN, and adding 
fuming HCl (Spiegel, B. 14, 235). A brown oil. 

Iieartio)is. — 1. KOHAq gives atrolaclic acid, 
Ph.CMe(OH).CO,H.-2. HCl at 130° gives 
ohloro-hydro-atroplc acid : Ph.CII(CH.^Cl).CO.Jl 
(Spiegel, B. 14, 1352). — 3. Ammonia forms 
Ph.C(NH..)(CN).Me (Tiemann a. Kohler, B. 
14, 1980): 

ACETOPHENONE-DI-METHYL-ANILINE v. 

di-Methyl-amido-hi;nzyl piiexyl ketone. 

ACETOPHENONE DI - METHYL - HYDRA- 
ZIDE C.oH^N.,. ix, PhCMe:N,Me,(lG5°) at 100 
mm. Formed from acetophenone and di-metliyl- 
hydrazine at 100° (Iliesonogger, B. 10, 603). 

ACETOPHENONE NITRANILIDE v. Mitbo- 

PHENYL-AMIDO-ACETorHENONE. 

ACETOPHENONE PHENYL-HYDRAZIDE 
i.e. CPliMe:N,PhH [105°J. Formed by 
shaking acetophenone suspemhid in water with 
a solution of phenyl-hydrazine hydrochloride 
and sodium acetate (Fischer, B. 17, 570). Also 
by allowing a cone, alcoholic solution of phony l- 
hydrazino and acetophenone to stand for a day 
(Riesenegger, J5. 10, 001), or by heating the 
oxim with phenyl-hydrazine (Just, B, 19, 1200). 
Slender white needles or plates. V. sol, ether, 
si. sol. water or cold alcohol. 

ACET0PHEN0NE-(^)-PINAC0LINEC„.n„,O, 
i.e. Ph,CMe.CO,CH 3 (?). [41°]. (310° uncorr.). 
Prepared by the action of zinc and ITCl on an 
alcoholic solution of acetophenone. Ithombie 
prisma or short pillars. Soluble in CeH^, ether, 
acetic acid, hot alcohol, &c. Ry heating with 
soda-lime it gives HOAc and di-phcnyl -methyl- 
methane, Ph.^Cil.CH 3 . On reduction with III 
and P, it gives a hydrocarbon C„ir„ [128°], 
whifti is apparently identical with the hydrocar- 
bon formed by the action of Na on bromo-cthyl- 
benzene ; PhOTIMe.CHMePh. CrOj oxidise? it 
4 to di -phenyl -propionic acid, CIIaCPh^CO.H. 

It .An isomeric acetophenone-pinacoline [70°] 
in pfi43^ i* V.) is formed when acetophenone is 
base. Fuwith III and P at 110° (Graebe, B. 7, 
C.; 5 ,H,^(N 0 .*, forms plates or tables (from alcohol). 
AcetopbeniuCckcd by AcCl ; HI reduces it to the 
C,jl|^8 (Tliorncr a. Zinckc, B. 11. 

^^^^ne-pinacone 

(Engler a. Richin, j, C„Hj - C(OII) - CU, 
iuternally it " H,-C(OH)-Cft. 

punc •acid, having, douL, ’ ,. 

ixidisMl ajSn UcKtion t f 

123 288) * acetophenone in 

' ’ 1* prisms. V. sol. 

Besides the derivatives desci?*’^® 
also: Abuoo-^eto^uenone, 
Brom^^itro-acktophenone, loD.t-ACPl'i?'^®'^! 
i>I - METHYL - AMino - ACEKJriiENONE, N 
n^ONE, TiilO-lCEIOFUENONE, ACETOPHEK* 


Bhsnyl mt%yl l^toxiM, Fortned by 
^ iloohoiio soluMons of acetophenone and 
hydroxylamine ; after 24 hours, the alcohol is 
distill^ off, am the product Crystallised from 
water. It forme colourless silky needles. Vola-i 
tile with steam j so^jiblc 'iu hot water, alcohol, 
ether, benzene, chloroform, or benzoline. Soluble 
in acids and in alkalis. 

ACETO-PROPIONIC ACID v. Aobtyi-pbo- 


PIONIO ACID. 

ACETO-SINAPIC acid V. SiNAPic ACID. 
ACETO-SDCGINIC ACID v. Aoetyl-succinio 

ACID. 

ACETO-THIENONE v. Thienyl methyl 


ketone. 

ACETO-THIO-TOLDIDIDE V. Thio-acetyl- 

TOLUim.VE. 

ACETO-VALERIC acid V. Acktyl-valebio 

ACID. 

ACETOXIM CgH^NO, i.e. Me,C:NOH Di- 

metiiyl-ketoxim^ acetone hydroxylamide [60°] 
(135° i. V.) at 730 mm. Prepared by leaving an 
aqueous solution of acetone mixed with 
hydroxylamine hydrochloride, neutralised with 
NaOH, to stand for 24 hours ; and extracting 
with etlier (V. Meyer a. Janny, B. 15, 1324). 

Properties. — Colourless prisms ; extremely 
volatile and smelling like chloral. Very soluble 
in water, alcohol, ctlier, or benzoline. Neutral 
to litmus. Ether extracts it from a neutral, but 
not from an acid or alkaline, solution. It ie 
readily decomposed by boiling acids (even acetic) 
into acetone and hydroxylamine. Acid reducing 
agents have a like effect, but zinc dust and 
NaOlI does not alfect it. 

BTTCl, white powder [e. 100°], very un- 
stable, formed by passing HCl gas into a dry 
ethereal solution of acctocini. — QiIijNGNaOEt, 
crystalline scales, got by adding NaOEt to an 
ethereal solution. 

Benzoyl derivative Me.jC:N(OBz), [42°], 
small colourless tables, very soluble in alcohol 
and ether, slightly in water; formed by the 
action of benzoyl cnlorido on aoetoxiin. 

Benzyl ether Mc,C:N(OOJi,), (c. 100°), 
oily fluid, soluble in alcoliol and ether, insoluble 
in wjitor; formed by the action of benzyl 
chloride and sodium ethylate on acotoxim ; on 
warming with aqueous UCl, it is split up ink 
heiizyl-hydroxyhiMiinc (i BX.OG Jl;) and acetone 
(.lannv, J>. 10, 170). 

ACETOXIMIC ACID CaH.N.O.,, i.e. 
CH3.C(N0H).C11(N0H). Nitroso-aceloxim, Di- 
nifrnsn-pn’opane [153'^j. Formation.— {1) By the 
action of hydrox\lamine on w-di-chlor-Wetone 
(CHj.CO.CHCL). • (2) By the action of hydroxy- 
lamine on nitroso-acetone (CHj.CO.CH(NOH) ) 
(Meyer a. Janny, B. 15, 1105). Small prUme. 
Soluble in alcohol, ether, aifi.l'^hot water. Its 
alkaline solutions arc colourless. 

ACETOl^YL. Kolbe’s name for aobitl. 
Now used to denote CJIjOa. 

ACET-TOLUIDE v:.dceZyZ-TOLUiDiNB. 
ACET-TOLYL-IMID^OLXfeAMIDEv.ToLYL* 

ACETA.MIDINE. 

ACETDRIC ACID C,H,NO, U 

Cg 2 (NHAo).C 03 H {acctyUglycocoU, Jl^etyU 
gi^inbt or acetamido-acetic acid). [200*^]. S« (al 

16°) 2-7. 

Forrmtion : 1» By heatina glyooooU ifitli 



Aiooaot. 


LLo. Bj liba^g ^yoocoll>flilv6r ^th acHyl- 

mi^de (Eraut ia. Hartmann, A. 138, 9d). 

Long oolourlesB crystals, readily soluble in 
tot water and^i4 alcohol, instable iiu ether, 
ihloroform and oenzene. § 

iJeoc^ions.— GivesaredcolorationwithFe,jCl„. 
leadilpaponihedby boilinf with acids or alkalis. 

Salto. — aq : soluble needles or largo 
ables. — A'Ag: soluble plates.— A'.^a5aq: easily 
oluble needles. — A'2Cu4^aq : blue trimctrio 
irisms, easily soluble in water and in alcohol. — 
L'HHCl* : needles, decomposed by water. 

Methyl A'Me, [59°], (254°) at 712 mm., 

ong colourless tables, easily soluble in water, 
ilcohol, and benzene, sparingly in ether. 

Ethyl ei/zer.— A'Et, [48°], (260°) at 712 mm., 
^rimetric plates. 

Amide CH2(NHAc).CO.NH2— [137°], largo 
colourless tables, soluble in water and alcohol, 
insoluble in ether (Curtius, B. 17, 1663). 

AOETUKEIDE V. Acetyl-\]mk. 

ACET'XYLIDE v. i4cc/-;/Z-XyLiDiNE. 

ACETYL C,,H30, CO.CH^, COMe or Ac. The 
radicle of acetic acid, Ac. The name Acetyl was 
formerly applied to the radicle CJIg. The [uotix 
•acet- often indicates the radicle CH^.C; as in acet- 
amidine; sometimes it is merely a contraction for 
acetyl, as in acet-xylide. The acetyl derivatives 
obtained by displacing H in OH or in NIL or 
in NH are described under the compounds from 
which they are derived by this displacement. 

DI-ACETYL i.c, CH3.CO.CO.CII3. 

The oxim, CH3.C(NOn).C(NOH).CH3, of this 
hypothetical body, called also di-viethyUglyoxim 
or meihyl-ethyl-acetozimic acid, ia formed by 
adding hydroxylamine hydrochloride to an 
aqueous solution of methyl oximido-cthyl ke- 
tone, 4tJHj.CO,C(NOH).CH2, Glittering needles 
(Schramm, B. 16, 1^0). 

DI-ACETYL-ACETONE DI-CARBOXYLIC 
ACID V. Acbto-acetio ether, Eeaction 32. 

ACETYL-ACETOFHENONE v. Benzoyl-ace- 
tone. 

ACET Y L- ACRYLIC ACID v. Tetric acid. 

DI-a,-a2-ACETYL-ADIPIC ACID C„H,,0, le, 
CO2H.CHAc.CH2.CH2.CHAc.COJl. 

Di-ethyl-ethe r.— Et-^A". Formed as a by- 
product (20 p.c.) of the action of ethylene bromido 
upon Bodio-aceto-acctic ether, and found in the 
residue after distilling with steam. It is a thick 
colourless oil ; its alcoholic solution gives a dark 
reddish-violet coloration with Fe^Cl,,. 

Reactions. — 1. It gives a tolerably stable di- 
sodio-derivative which, on treatment with iodine, 
yields the di-ethy lie ether of di-acctyl-tetra- 
methylene-di-carboxy lie -acid, 

GH2OAC.CO2H 1 . 1 I IT t ' ^ 

6 h. CAc CO H * which crystallises (with 

2aq) in pearly %cales [210°]. — 2. By cone. NH, 
di-acetyl-adipic ether is converted into thekctonc- 
imide, C,4H24N204 [177°].— 3. Ph^yUivdrazine 
forms the phenyl-hydrazide [145°], which readily 
splits off alcohol giving ethylene-di-methyl-di- 
oxy-di-quiniziitf,, 

^aHiCMe Me.C ; HN*. 

. CH.0H2.CH2.CH.C0^^* ' 

4. By dUHllatimfGt on solution in oono.fi 2 S 04 , 
it loses H,0, giving an ether C|«Er,iQ.Vhiah pro* 
Hblj^haslhe^^^^ 


rt„^Me.0H(C02Btj.CH2\ 

. CH(C02Et).0H2/ 

The eorresponding aclll, [189°], forms a phenyl* 
hydrazide, 0,oH,204(N2PhH) [192°] (Perkm a. 
Obrembsky, B. 19, 2051). 

ACETVL-AMIDO COMPOUNDS 0 . Amxdo 

COMPOUNDS. • A 

ACETYL-BENZOIC ACID o. Acetophenone 

CARBOXYLIC ACID. 

ACETYL-BENZOYL-ETHANE v, Acetophs- 

none-acetone. 

ACETYL-BENZOYL-ETHANE CARBOXYLIC 
ACID V. Acetopuenone-aceto-acetio acid. 
ACETYL-BENZYL-SUCCINIC ETHER 

C,JL.Ai.e.CO2Et.CAc(CH2Ph).CH2.CO2Et(310°) 

S: G. ifj 1-088. Prepared by the action of benzyl 
chloride on a mixture of sodium ethylate and 
‘ acetyl-succinic ether (Conrad, B. 11, 1058). 

! ACETYL BROMIDE C .H^OBr i.e. CHj.CO.Br. 
Acetic bromide (81°). Formed by treating 
acetic acid with PBr., (liitlor, A. 95, 209). Pre- 
pared by gradually adding 240 g. bromine to a 
! mixture of 90 g. glacial acetic acid and 33 g. 

' amorphous phosphorus, and distilling when the 
action is complete (Gal, A. 129, 637). Hanriot 
(J. Ch. [.5] 17, 83) uses 1 pt. phosphorus, 
15 acx'tic acid and 40 bromine. Colourless 
fuming liquid. Heated with bromine at 100° in 
j a sealed tube, it yields bromacetyl-bromida 
CuH^BrO-Br, together with more highly bromi* 

! nated compounds, which may bo separated by 
' fractional distillation (Gal). On the action of 
bromine on C .HaOBr, see alsoUroch (B.13, 1720 j 
J. 1880, 386).' H. W. 

acetyl-bdtane-phosphonic acid 

V. di-Acktone-piiosphinic acid. 

acetyl-butyl alcohol C«H,202. 

Di-acetonic alcohol CH3.CO.CH...CMe2.0H. 
(164°). S.G.^-931. 

Preparation. — Acid oxalate of di-acetona- 
mine (1 pt.) is dissolved in water (3 pts.) and 
cooled to 5°, when it deposits some of the salt ; 
solid KNO2 (2 pts.) is slowly added, and the mix- 
ture kept cool for some days and then heated to 
50° or 60° ; the oily layer (mesityl oxide) ia re- 
moved partly by distiliatimi, partly by a tap- 
funnel; anB. the aqueous solution, neutralised 
with K2CO3, is shaken with ether (Heintz, A* 
169, 114; 178, 342). • 

Propcrties.Symp, misoiblo with water, al- 
cohol, or ether, gives oil hydrogen when treated 
with Na. 

7-Acetyl-?i-butyl Alcohol CaHjjO, i.6, 
CH.,.CO.CH.,.CH,,.CH.,.CH,OH. Methyl 
hutijl ketone. (155°) at 718 mm. S.G. a 1-0143. : 

Formation. — 1. From bromo-propyl-acSto* 
acetic ether (50 g.) by boiling for an hour with 
water (50 g.) and HCl (20 c. of S.G, 1-18) (Lipp, 
B. 18,3280).— 2. From so-^lled tetra-metbylena 
methyl ketone carboxylic acid by boiliog with 
water (Perkin, jun., B. 19, 2557). 

Properties. — Liquid with camphor-like smelly 
V. sol. water, alcohol, and ether ; scarceV 'volatile 
with steam. It does not reduce Tehling’s solu* 
tion or ammoniacal AgNO,. Chromic mixture 
oxidises it to 8-acetyl-H-butyrio aoid. Sodiim 
^amalgam reduces it to w-8-di-oxy-hexane. 

Anhydride C,H,.0 U. : 

Oil. Formed by distillling the alowol w tht 
f'iUowing aoid. 
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Tfttra-methylf&e aeUiyl ketone oarbozylio 
aeid, OAoOit appears to be a oarboxylio aotd 
formed from the anh^^ride of acetyl-butyl 

.loohrf! 

Its ethyl ether OpH,40a, (223^)', M.M. 10-195, is 
formed by the action of^trimet^lene bromide on 
aoeto-aoetio ether (v. p. 24).' 

ACETYL-BUTYL BROMIDE CJI„BrO t.e. 
CH,.CO.CH2.CH,.Cn,.CH,.Br. (215'^) at 718 mm. 
From the preceding acid, C,H,„03, or from acetyl- 
butyl alcohol by the action of HBr. Also formed 
by heating bromo-propyl-accto-acetic ether with 
dilute acids. It is a colourless oil, v. sol. alcohol 
or ether, v. si. sol. water ; boiling water converts 
it into the alcohol (Lipp, R 18, 3281 ; Perkin, 
R 19, 2557). 

ACETYL-BUTYRIC ACIDS C.H,/),. 
o-Acetyl-n-butyrio acid CII3.ciL.ClIAc.COJI 
V. Ethyl-aceto-acelic acid under Aceto-achttc acid. 

B-Acetyl-n-butyric acid CH3.CnAc.CH.,.CO,H. 
[0.-12°]. (242°). Formed, together with its ether, 
by boiling o-acetyl-a-methyl-succinic ether, 
C03Et.CMeAo.CH3.C03Et, witli HCl (Bischoll, 
A. 206, 331). 

Very hygroscopic liquid. V. sol. water, alco- 
hol, or ether. Oxidises in air. Hot dilute 
HNO, forms pyrotartaric acid. 

Salts. — ZnA'a (at 100°) : nodules (from 
alcohol). The salts of the alkalis and alkaline 
earths are syrupy, the lead salt may bo got as a 
vitreous mass. 

Ether.-Etk' (204° 205°). Oil. 
7-Acetyl-n-butyricacidCII.Ac.CIL.CH..C0.H 
[13°]. (c. 275° i. V.), From sodium aceto-acetic 
ether and j3-iodopropionio ether (Fittig a. WollT, 
A. 216, 127). Thick liquid. V. sol. water, alco- 
hol, or ether. Solutions are acid and deeom- 
poseNa.COs. Forms a crystalline compound with 
water, Cri3.C(OH)3.CH2.CIl2.Cri3.C03H [35°-3G°j 
which forms inonoclinic prisms, 

a:b: c--769 ; 1 : *885 i3-75° 20'. 

Over RjSO* it loses H.^O, becoming liquid. 

<SaZfs.-Ca{CJlBOs)3aq.— Pb(C 3 HB 03 ) 3 aq. — 
ZnA'j.-- AgA'. 1 

Sodium amalgam reduces it to I 

J-OXT-HEXOIC Acm (q. V.). * i 

a-Acetyl-iso-butyric acid (CH3)3CAc.COdI I 
V. di‘fftethyl-aceto~acetic acid under AcicTo-Acrmo 

Aon>. 

B-Acetyl-iso-butyric acid CH._.Ac.C^reTI.CO JI I 
(248°). Formed, together with its ether and j 
CO3, oy boiling o-acetyl-/3-methyI-succinic ether, j 
C03Et.CHAc.CHMe.C03Et, with HCl (Bisclioff, ; 
A. 206, 319). It is a liquid. V. sol. water, alco- 1 
hoi, or ether. Turns brown in air. Dilute HNO3 \ 


Eorfnatio^,^Oone, H29O4 dissolves B*ehlorc 
allyl alcohol, CH2:OCl.CHjOH, giving off HCl 
the solution is diluted and distilled (Henrj 

39.526). . fl . 

EtHyl c<A%.-CH3.00.ckf0Et. (128°) 

S.G. i* *92. Formed by heating propargyl ether 
CHjC.CH^OEt, withWater and HgBr^ (Henry 
C. li. 93, 421), Colourless liquid with peculiai 
odour and burning taste. 

Acetyl derivative C3H.,0(OAc). Colourlesi 
fluid. (172°) S.G. 1-053. Soluble in water. Pre- 
pared by heating potassium acetate with chlor- 
acetone. Also from propargyl acetate, water, 
and IlgBr.^. The alcohol has not been got by 
its sapoiiilication. Readily reduces ammoniacal 
silver nitrate or Fehling’s solution, the chief 
proiUict of the oxidation being lactic acid, 

Jicnzoyl derivative C3n,,()(OBz). Long 
needles. [21°]. Soluble in hot water, easily in 
alcoliol and ether. Prepared by heating potas- 
sium benzoate with cliloracetone. (Breuer a. 
Zineke, B. 13, G37.) 

ACETYL CHLORIDE 0,11,0.01, i.e. Ac.OI. 

Acetic chloride. M.w. 78*5. (56*9° cor.) (Tliorpe, 
C. J. 37, 188) ; (61°-52°) at 720 mm. (BriUil, 
A. 20;J, 14). S.G. 1-1377 (T.) ; 1-1051., 

C. E. (0°-10°) -001391 ; (0°-50°) -001504 

S. V. 74'05 (T.). 1-3954. Boa 26*82 (B.). 

II.F.p. 03,300 (Berthclot). 

Formation,—!. From POClgand potassio ace- 
tate : 3KOAc -h POCI3 = K.,PO, 4- 3AcCl (Gorhardt, 
J. Ch. [3] 37, 294). — 2, Contained in the more 
volatile portions of the product of the action of 
; chlorine on aldehyde (Wurtz, A. Ch. [3] 49, 58). 

' 3. By distilling glacial acetic acid with POL: 
i HOAc + PCl3=AcCl-j-ClH + POCl3 (Ritter. A, 

I 95, 209). 

I Preparal ion.— By distilling glacial acefjo acid 
I (61g.) with phosphorus trffchloride (93g.) (B6- 
: champ, J. 1850, 427). The reaction is as 
follows (Thorpe, G. J. 37, 180) : 

3HOAc + 2PCI3 - 3 AeCl -h 3IIC1 + V.p,. 

If more 110 Ac bo used Ac,0 is also formed. 
The action of PCLjis therefore precisely like 
tliat of PCL, amounting to a displacement of 0 
by Cl, ; the molecule HCL Ac, wliich might be 
expected to bo formed, cannot hold together on 
account of the monovalent character of chlorine, 
and .so splits up at once into liCl and ClAo. 
Under precisely similar conditions, alcohol, 
HOEt, gives HCl and ClEt. 

P/o/w; tics.— Colourless, fuming, mobile, and 
slron.gly refracting liquid. Its vapour strongly 
attacks the eyes and respiratory organ.s. 

Ucactionx.—X. Violently acted on by V}atcr, 
with formation of HCl and acetio acid. — 2. 


forms pyrotartaric acid. The salts are amor- 
phous. The silver salt deposits silver on warm- 
ing its solution. • 

Ether.-BiM (206°-208°). Oil. 
ACETYL-TEI-CARBALLYLIC ETHER 
OjAA. Lc. CO,Et.CIl3.CAc(CO,Et).CIL.CO,Et. 
Front cWoro-^etic ether and sodium acetyl-suc- 
cinic ether, JC03Et.CH3.0AcNa.C0,,Et (Miehle, 
A. 190, 323). It boils with much decomposition 
at 280°-300°. Boiling baryta water or cone, alco- 
holic KOH split it up completely into alcoholf 
acetic, and tr^arballylic, acids. • 
ACETYL-CARBINOL O3H3O2 i.e. 
CIH,.CO.uH^OH. Pyruvyl alcohol^ Oxy-acetone, 


With ammonia it yields acetamide AcCl + NH|Mi 
IIC l r AgNH, and with aniline in like manner, 
acetanilide, AcNHPh.~3. Distdl(id wfth jj^tas- 
sinm acetate or benzoate, it wrms acetic or 
aceto-bonzoic oxide : KOAc + AcCl « KCl + AO3O ; 
and KOBz + AcCl ~ KCl f- AcOBz. Similarly with 
salts of other acids.— 4. With potassium hydro- 
sulphide it yields acetic hydrosulpliide or thio- 
acctic acid, and with potcMium^onosulphide it 
forms acetio sulphide or thioacetio anhydride, 
AcCl + KSH=> KCl + AcSH; and 2Ao01 + K,S- 
2 KO^Ao 3S (Jacquemin a. Vosselmann, Oi R 
49, Wl).— 5. With potassium nitrite it gives off 
nitrosyl-cMoride, and towards the end of the re< 
action KO„1ind on heating the residue to 150^, 



AOETthmK 


acetio anhydride dlitHs overt AoClfENd^a 
NOClfKOAo, and Ao01 + KOAo«K01 + Ao^O 
nfArmatrong, 0, J, 26, 683). — 6 . Silver nitrate 
mots ; 2AcCl-ki|[NO,»AgCl + NOj, + Cl + AOjjO. 
I Similarly witn other nitraps : H|f(NOa)2, 
Pb(NOa)a, and ENO3 are attacked immediately ; 
Ba(NO,)2 is not affected; (^(NOala readily. With 
KNO3, chlorine is first evolved, NOj only towards 
the end (Armstrong). — 7. With sttccinic acid it 
yields acetio acid and succinic anhydride, 
02H,(C00H)2 + CH3.CO.Cl = 

HCl + CH,.COOH + C,H,(C0)20 ; 
and it reacts in like manner with other dibasic 
dihj dric acids ; viz., isodibromosuccinic, phtha- 
lic, diplionic, and camphoric acids ; isosuccinic, 
ordinary dibromosuccinic, fumaric, and tere- 
phthalic acids arc not attacked ; sublimed an- 
hydrous oxalic acid is resolved into H.p,CO, 
and CO^; benzoic acid yields benzoic chloride 
and acetio acid (Anschutz, B. 10, 325, 1881). — 
8. With titanic chloride, acetyl chloride forms the 
compound TiCl^AcCl (Bertrand, BL [2] 33, 403). 
Large transparent octahedral crystals [25®-30°J 
sol. in CSj. — 9. Ahimininm chloride reacts ac- 
cording to the equation AL,Clrt + 4(CH.,.CO)Cl= 
•4HC1 + 2(CH3.CO.CH:CO),Af,Cl3 (Winogradoff, 
Bl. [2] 34, 325). The product is a solid, de- 
composed by water into COj and acetone. — 
10. PCI5 at 190° forms chloro-acctyl chloride 
CH2Cl.CO.CI (Samosadsky, Z. 1870, 105), and tri- 
chloro-acctyl chloride, CCl3.CO.Cl (Hiibner, A. 
120, 830). — 11. Zinc produces a brown mass 
whence alcohol extracts ‘ acetylide,’ C,3Hi804, 
which may be ppd. by water. Red plates (from 
chloroform). Sol. ether, alcohol, HClAq, fuming 
IINO3, or Ac^O. Combines with bromine ; does 
not reduce Tehling’s solution (Tommasi a. 
Quesnfville, C. 496). — 12. Acts upon 

benzene, in presence of AICI3, with formation 
of acetophenone (g. v.), — 13. Acts similarly upon 
thiophene, or its mono-haloid derivatives, dis- 
placing, in presence of AlCl,, H by Ac. But 
in di-bromo- or di-iodo-thiophene it di.splacos, in 
presence of AlClj, Br or I l^r Ac, c.g. : 

OASBra + ClAo = C^HaSBrAo -h ClBr 
(Gatlermann a. Eomer, B. 19, 688). H. W. 

"t • Use in Organic Investigations . — Acetyl chlo- 
ride evolves HCl when it is heated with any sub- 
stance containing the radicles hydroxyl, amido- 
gen, or imidogen. Hence, if a substance does 
not evolve HCl when so treated, it may bo as- 
sumed to be free from these radicles. If the 
hydroxyl be alcoholic, i.e. attached to an atom 
of oasbon that is not attached to any more oxy- 
gen, it will be converted into acetoxyl (AcO); 
and, if the substance contains no nitrogen, the 
number of acetoxyls it contains after tins treat- 
ment gives tl^yiumber of alcoholic hydroxyls 
the body contains. Before making the experi- 
ment, all carboxyls should be ethcrifiod, since the 
group CO-^H is attacked by AcCl (♦. Reaction 7), 
while the group CO^Et is not attacked. The 
number of acetyl groups that have entered may 
in many oasefl^be d'^rmined by boiling with 
standard alkali and subsequent titration (Schiil). 
Acetyl chloride converts NH, into NHAc, but 
harfty ever into KA02. It converts NH into^Ao. 
It has no action upon tertiary amines, hAce it 
can be used in the diagnosis of ba^s. Acetvl 
ehloride does not aot upon hydr^en directly 
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united to earbon, except in presence of A101» or 
some similar agent. . 

ACETYL WANH)B O 3 H 3 ON or AoON 
Pynwo-nitrile. M. w. 69. (93°). V.D. 2*4. 

Preparation.— VThm acetyl chloride and sil- 
ver cyanide are heated together in a sealed tube 
at 100°, and th%produ(^ is distilled, a colourless 
liiquid passed over at 80°”90°, and afterwards a 
compound having a much higher boiling-point. 
Tlie first yields acetyl cyanide on rectification. 

Properties. — Oil, lighter than water, which 
gradually dissolves it, forming HON and HOAc, 
converted by HCl first into CHj.CO.CONHj, and 
.subsequently into pyruvic acid (Hiibner, A. 120, 
230 ; 123, 271 ; see also Fileti, G. 6, 391 ; J. 
1875, 510). 

Di-acetyl-di-cyanide [C9°] (210° 

cor.). V.D. 4*57 (for 4-77). Formed from acetyl 
cyanide by heating it with KOH, or even by 
keeping it for some time in a closed vessel. . 

Preparation. — Powdered KCN (32 pts.) is 
boiled with acetic anliydride (50 pts.), diluted 
with benzene (200 pts.) : yield is 25 p.o. of the 
theoretical (Kleernan, B. 18, 250). Glistening 
tables, si. sol. hot water, v. sol. alcohol, ether, or 
benzene. Di-acetyl-di-cyan ido, like acetyl cya- 
nide, is converted by boiling with water, H^SO^, 
or KOH, into HCN and AcOH. Heated with 
AgNO., it yields AgCN. 

ACETYLENE C,H, or CHjCH Mhine, 
Ethinene. M.w. 26. Physical ‘Properties of 
liquid acetylene : S.G. 2 *451 ; M *420 ; ^ *381. 
C.E. (-7° to 36°) ‘00489. Vapo-ui'^presstire ; 
16,340 mm. at 0° ; 24,000 mm. at 13‘5°. Criti- 
cal Point 37° (G. Ansdell, Pr. 29, ‘^09). Proper- 
ties of gaseous acetylene ; V.D. ’91. S. 1 at 18° ; 
S. (CSo or isopentane) 1 ; S. (CCl, or turpentine 
oil) 2 ; S. (amyl alcohol) ; S. (benzene) 4 ; S. 
(glacial acetio acid or abs. alcohol) 6 (Bcrthelot, 
A. Oh. [4] 9, 425). II.F.p. -17,770. H.F.V. 
-47,770 (m);- 64,000 (Bevthclot). 

Occu?Tencc.— In coal-gas (Boettger, A. 109, 
351). 

Formation. — 1. Synthetically by passing 
hydrogen gas over charcoal heated to whiteness 
in the electric arc (Bcrthelot, G. R. 64, 610) ; 
the hydro^n may bo passed through holes 
drilled through the centre of carbon points 
discharging powerful sparks (Dowar, Fr. 29, 
183). —2. By exposing marsh-gas or coal-gas to 
a strong heat, or to the spark of a powerful 
induction-coil: 2CH, = C,,H2-f' 3H2 (Bcrthelot, 
C. li. 54, 515). Part of the CJI^ is, however, 
polymerised during the process, being converted 
partly into benzene CJI^, i)artly into black tarry 
hydrocarbons (Berthelot, BL [ 2 ] 11 , 142). The 
vapours of many other organic compounds, as 
ethylene, alcohol, other, acetone, amyl afodhol, 
and benzene, likewise yield acetylene when 
induction sparks are passed through them (De 
Wilde, Bl. [2] 6 , 267). — 3. By the incomplete 
combustion of hydrocarbons and other organic 
bodies— abundantly, for exaraple^n a^Bfinsen 
lamp, when the llame strikes do!m and bnma 
within the chimney— also in the incomplete 
oxidation of organic compounds at ordinary 
Itemperatures, as in the voltaic circuit, e.g. in 
the electrolysis of a solution of p^assium aooni* 
tate or succinate (Berthelot, Bfr[2] ^ 103). — 
4. By the incomplete combustion of matures of 
hydrogen and gaseous or vaporous oarbon^om- 





p6iiai]g Bot MDtafniog li^'drogei), CO, C£^ 
Bj pasgmg 0 mixture of methane and 
catboa monoxide through a red-hot tube : 
OH^ 4- CO » HjjO + O3H2.— 6. Together with H, 
OH., and free carbon, by passing the vapour of 
methyl chloride (Bertlielot), or of ethylene 
chloride (De Wilde), or pcntario from Ameri- 
can petroleum (Vohl, Bl. 4, 302), through a red- 
hot tube. — 7. Together with benzene, by pass- 
ing styrene vapour through a red-Jiot tube : 
02Hg = C2H., + C,H« (Borthelot, 1800, 511).— 
8. By passing chloroform vapour over red-hot 
copper : 2CnCl3 + Cu,; - SCuCl.^ -1- C.JL (Berthe- 
lot), or by treating cliloroform \Yith potassium- 
amalgam (Kletzinshy, Z. l^OO, 127), or with 
sodium (Fittig, ihitl.). — 0. From iodoform 
by the action of /iiioly divided silver either 
alone or mixed with llnely divided copper: 
2CHI3 + 3Ag,, = OAgl 4 C,H,. Al-o by the :u tion 
of finely divided zinc or of the zine-i*o|»oer 
couple on iodoform in 2)resenee of water (I*, (,'a/e- 
nca\;e, C. li. 97, 1371 ; BL [2] 41, 155). - 10. By 
passing a mixture of CO and llCl over rod -hot 
magnesium silicido (Bortludot). — 11. By the 
action of alcoliolic potash on bromelhvlono : 
CjHsBr + KOH =KBr i ILO + CJl, (Sawilscdi, 0. ' 
JR. 52, 157). -12. By tlio action of water on ' 
calcium carbide (produced by strongly heat- 
ing an alloy of 'Zn ami Ca with charcoal): 
CaC2 + H,0--CaO - C,Ti, (Wohler, A. 1‘Jl, 220). 
13. Formed, together willi succinic acid, l.»y llic 
electrolysis of sodium fumarato or malr af*- ; 
C^ll^Na-P^ + H.O - 0,11, 4 2CO, h Na,() + H, (Ke- 
kuI5, J. 18ti4, 3S9). -II. By heating 
onio acid with potasli : C,J1 p.SO.,K+ KOll = 
C,H, 4- KjSO., -}■ 2H,0.— 15. Formodinsma!! (imui- 
tity by heating cupric acetate (I pt.) with water , 
(200 pts.) in a closed llaslc at 100^ (Tommasi, : 
Bl [2J 38, 257). 

Preparatim . — 1. Air is burned in a cylinder j 
full of coal-gas, and a portion of the ])rodm;ts : 
of combustion are sucked (by an air-pumi>) first i 
through a metallic condenser to cool th(?m, and ' 
t^en througli several bottles containing an am- ! 
tfioniacal solution of cuprous chlt)ride. A rod i 
pp., C.,CUoaq, is formed ; tliis is collected, washed ' 
by decantation, and warniod witli a((!ieous HCI, 
when it is decomposed with evolution of acetv- 
lenegat:C,Cu,H,0 4 2ITCl-C,]i, + 2CuCI > iCo 
(Jungflcdsch, G. B. 90, 204 ; J. Bh. [5i 1, :}07).-- 
2. Ethylene bromide is slowly dropped into a j 
strong alcoliolic solution of pot.a.shat boiling heat, ‘ 

: and tile evolved gas is passed through a s- cond 
similar boiling solution to remove bromoliiyleuo 
(MiasnUfoff, A. 118, 330; Sawit.sch, A. 119, 181 ; 
Sabanejelf, A. 178, 111). To remove tiie last 
traces, of bromethylene, Zei.sol {A. 191, 372) 
recommends jiassiim the gas over moderately 
heated soda-lime. Tlio gas may also be purified, 
as in the first method, by passing it through an 
ammoniacal solution of cuprous chloride, 

Propgr/i5.s.— Colourless gas, having a dis- 
agreeable odom. According to Zeisel, when pre- 
pared from t,Jo copper compound as described 
above, it is contaminated with vinyl chloride. 
Aoetylene is li<iuefied by a pressure of 83 atmo- 
Bjitieres at 18'^, forming a mobile, highly rofrac-i 
tive liquid, ligUer than water. Liquid acetylene 
dissolves 4[)aranins and many fats (Cailietot, 0. B. 
W 851). 

Decomposed by the induction^ 


spark with sepmiion of oaf bon, and pArifydoa* 
verted into a liguid and a solid polyacetylene^ 
the latter' insoluble in the ordinary solvents.-- 
2. Slowly passecUhrough aporCe^in tube heated 
to bright redfieM it is almost wholly resolved 
into C and H, toge^er with small quantities 
of ethylene and of tw containing naphthalene. 
Acetylene is also resolved into 0 and H by ex- 
ploding a pcrcussion-cap in it (Berthelot, 0. B. 
93, 613). Heated to dull redness in a bent glass 
tube standing over mercury it is gradually poly- 
merised, forming : a very volatile liquid probably 
C,}I„ benzene CJI,,, styrene OhH„ (135'^-160°), a 
licluid mixture (210°-250°) of naphthalene 0,aH, 
and piobnbly naphthalene hydride a 

mixture of strongly fluorescent oils distilling at 
250^ -310°, retene distilling at 360° (Berthelot, 
C. R. 62, 905).— 3. Mixed with excess of hy- 
drogen over mercury, and in contact with plati- 
num-black, acetylene is converted into ethane; 
CJL + 2Il, = C,H,i; by alkaline reducing agents, 
into ethylene, C..H„ c.g. by the action of zinc and 
aqueous ammonia on its copper compound (Bor- 
thelot). — 4. \\ii\\ud-idiiiing agents. Converted by 
KMnO., into oxalic acid, with formic ana 

carbonic jicids as secondary products (Berthelot, • 
O.P.74,35). 5. Slowlyabsorbed byan ammonia- 
onl ci/pric Hdution, and for tlio most part oxidised, 
a carbonaceous substance being at the same time 
deposited, together witli a small quantity of the 
compound C.,Cii.JT..O (Berthelot, A. Ch. [4] 9, 
422).— 6. Passed with idiosgcnCy COCl.^,, through a 
red-hot tube, it is polymerised to benzene (Bor- 
tlicdot, Bl. [2] 13, 9).— 7. With chlonne, either 
l»!no or mixed with otlier gases, aoetylono some- 
times detonates, yielding lICl and free carbon. 
Frccpiently, liowcver, CTLCl^ is formed with ex- 
plosion; or thiscompoundis formed at firsit, and 
then tlic mixture suddenly Explodes (Berthelot, 
BL [2] 5, 101).- B. Acetylene passed into bro- 
mine under -.vater forms C.Jl.^Br^ (v. ^efra-BaoMO- 
KiiiAN'i:) and anon-volatile solid, a polymerideof 
C.JTBrg.-- 9. Acetylene passed over iodine mpis* 
toned with alcohol fctins C.JLIg (Subanejeff, A. 
178, 109, V. di-Iojoo-ETHYnK.vnj. — 10. Acetylene 
passed into a solution of ICl in IICl forms 
C.ll dCl (Plimpton, C. tT”. 41, 392,u. Cjii.oiio-iodo- 
inri vuFA'r,). -11. With nitrogen. Wlien a scries 
of si nuig induction-sparks is passed through a 
mixture of acetylene and nitrogen, l)ydrocyanio 
acid is formed, C.dlo 4 N2 = 2HCN. Carbon and 
liydrogen are at the same time separated, but 
tin's may bo prevented by diluting tlie gaseous 
mixture witli 10 vol. H (Berthelot, C. li. 77, 
1011). — 12. Passed willi vapour of hydrocjfanio 
arid through a red-hot tube acetylene yields a 
small quantity of picolino CgHyN, and probably 
lioinologucstlioroof (Kamsay, Ph. M. [5] 4, 241), 
13. Strongly heated with 5?tlf//Zca|c»and amylene 
it forms C..H(C^1I„) and 0.^11(0^11,,) (Prunicr, A, 
Ch. [5], 17, 5).— 14. Successive treatment with 
1LS0< and witter forms some stable sulphonio 
aedd (Zei.scl, A. 191, 366).— 15. Converted into 
aldehyde by an aqueous solution of mercuric bro^ 
mide, even in the cold (KtfSSbheroff, B. 14, 1640) ; 

CH{OH 4- H 3 O - CHjiCH.OH « CH,.CHO, 

16. SfeClj absorbs acetylene forming 
whichT on heating, splits up into SbCf, ana 
CgHaOl,.— f7^ Cono.HBrAqat 100® forms a little 
bromo-othylene ivmylbromidol.-~ia.CAnft.mai. 
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Iodo*elVylQnd And $thylideQe iodide. 
i0. through bailing sulplnitt it forms 

some thiophcno (V. Meyer, B, lu, 21%). 

- Mbtallw. I jbniVATivKS.— iSodiww acety- 
Une C^HNa, 18 formed, with evolution %t hydro- 
gen and small quantities of" ethylene and ethane, 
when sodium is gently hiatod in acetylene. At 
a dull red heat disodium-acetylene CoNaj, is 
formed. — Potassium decomposes acetylene in 
like manner, but with gicatcr violence; when 
melted in the gas it takes fire and is converted 
into O^Ka, which is also formed when K is heated 
to dull redness on cthylcne-gas. AM these com- 
pounds are decomposed by water witli explosive 
violence and reproduction of acetylene (licrthe- 
lot, A. 139, 150). 

Calcium-acetylene CXa is formed by 
Btrdngly heating an alloy of zinc and calcinm 
with charcoal. Decomposed by water into 
Ca(On)o and acetylene (Wohler, A. 121, 220). 

Copper-acetylene CXuJip. It may bo 
looked upon as C.Xhr.aq or as liCiC.Cu.Cu.OH; 
in the latter case it may bo called cnproso-vinyl 
hydroxide. Derthelot (^4. 138, 315) cojisidcrs it 
to be cuproso-vinyl oxide (C JlCu.)/). It con- 
stitutes the red precipitate formed on passing 
acetylene or coal -gas into an amuiouiacal solu- 
tion of cuprous chloride. In the dry state it ex- 
plodes when, struck or when heated to 100 '-120'^, 
leaving a velvety black powder containing copper 
and charcoal. Takes lire in contact withclilorinc, 
bromine, or finely divided iodine. It.s formation 
affords a very delicate tost for acetylene, the pre- 
sence of O'OOo nig. of lliat compound being thus 
recognisable. The formula above given for it is 
due to lllochmaun (A. 173, 174). According to 
Berthelot {Bl. [2j 5, 191) when acetylene is passed 
into a cone, solution of cuprous chloride in KCl 
a yellow crystalling pp. of ctipmso-vinyl chloride 
CallCuXl is formed, corresponding bromides and 
iodidcs being formed in a similar way.^ 

Silver acetylene CoAg.JJ./), is formed 
on passing acetylene into an ainmoiiiacal solu- 
tion of silver nitrate, as^a white or yellowish 
precipitate which, when dry, explodes e-ven more 
easily than the copper-compound. The above 
formula, due to rdoobmann, is th.at of ar ge lU o- i 
vinyl hydroxide, CHiO.AgAg.Olt ; Dcrtlu lot ^ 
on the otJier hand regards the comiiound as the 
corresponding oxide (C.lIAgJO. The formula! 
of Bloohmann and Derthelot recpiiro 83*7 and ' 
8C’7 p.c. Ag respectively; MiasnikoJT (A. 11"<, 
332) finds 83 p.e. Ag in the pp., a result Ibut 
has been confirmed by Plimpton, and agrees willi 
thojformula C.Jl/2AgD. Acetylene comi^Utely 
pps. the silver" even from a neutral solulioiiof 
AgNOj; the pp. contains variable quantilif.s of 
AgNOj (Plimpton). The chloride CIPC. Ag.Ag.Cl, 
is prepared ijy niasslng acetylene into an ammo- 
niacal solution of silver chloride (Berthelot). By 
agitating silver acetylene with a solution of 
iodine in ether, till the colon* of the liquid 
disappears and then evaporating, yellow offen- 
sive-smelling crystals are formed, the vapour of 
which stronglf" attaijliB the eyes (Berend, A. 135, 
257) ; Baeyer {B. 18, 2275) has shown that tlicy 
are di-iodo-acetylene : C^Ag.. + 21,1 = 0.^2 + 2AgI. ( 

eOold and Mercury Compounds. — In op ara- 
moniacal solution of aurous thiosulphim, ace- 
tylene iornas a yellow highly exploUve precipi- 
au^/ in an alkaUne wlutioif of potassio- 


mercurio iodide a yellow pp.; 
which explodes slightly when heated and yidds 
acetylene when treallfedwith acids (Bassett, C.A^., 
19, 28). H. W. 

Theoretical considerations. --The explosive 
character of acetylene is undoubtedly connected 
with the fact tiiat its ^irmation from C and H is 
attended with disappearance of heat (Berthelot), 
It has been suggested by Baeyer [B. 18, 2277) 
that this disappearance of heat may be due to the 
production of a strained condition owing to the 
alteration in the direction of the attraction be- 
tween tlie two carbon atoms. 

To represent his views in a mechanical model, 
he siqipo.-.os four steel wires fixed to a ball and 
radiating from it in the direction of the angles 
of an inscribed tetrahedron. Such a ball repre- 
sents a free atom of carbon ; union of such 
atoms is represented by a wire of one ball being 
attached to, and in a straiglit line with, a wire 
of another ball, y two such balls bo taken and 
three of the wires from one ball be fastened to 
three of the wires from another ball and then 
bent in .such a way that all six wires are parallel, 
tlien the arrangement is in a strained condition, 
for the wires will readily lly apart, representing 
the cxplo.sioii of acetylene. Tiie angle between 
two adjacent wires in one of the bails just de- 
scribed is 109° 28', wliicli is very near the angle 
of a pentagon (108 ’) ; lienee if five balls be 
placed at the angles of a pentagon, very little 
bending will be required to make a wire from 
each ball in a straight lino with a wire from the 
next. TliC angles of a hf'xai'nn, of a square, and 
of an equilateral triangle, differ by 10^°, 19^°, 
and 19 respectively from 109.^ ; these number® 
ought therefore to indicate tlie relative stability 
of rings containing 0, 4, and 3 carbon atoms. 
As a matter of fact, closed rings of carbon atoms 
usually contain five or six atoms, while rings 
containing three, four, or seven atoms are almost 
unknown. 

Ualoid derivatives of acetylene v. Bromo-, 
CiiLoRo-, and lono-, acetylkne, -ethylene, and 

-ETITAXE. 

DIACEfYLENE HCiC.ClCH. Gaa of pe- 
culiar smell resembling dipropargyl. Formed 
by heating diacetyleno-di -carboxylic aJid with 
amnioniacal CuXL solution. With ammoniacal 
Cu..Cl.i it gives a" vi’olct-red pp., with ammoniacal 
AgN O'a a \ cry oxpl oslve yol lo w pp. By the action 
of a solution of ioilineupon the silver-compound 
di-iodo-di-acetylene is formed. (Baeyer, B, 18^ 
2272.) 

ACETYLENE DI-BBOMIDE v. Di-bbomo- 

■ ETHYLENE. 

ACETYLENE TETBA-BBOMIBE v. Tsm- 

BROMO-ETHANE. ® 

ACETYLENE BI-BBOMIBE BI-CABBOXY* 
Lie ACID V. Di-bromo-fujlvric acid, 

ACETYLENE BBOMO-IOBIBE v. Bboic> 

lODO-ETIIYI.ENE. • • 

ACETYLENE CABBOXYIIC ICIBS 
CHiC-OO^. • 

Acetylene mono-carboxylic acid v. PROMOua 

ACID. 

Ac^ylene-di-carboxylic aci^ 
i.e. C0.^H.C!CT 

Formed by treating di-bromo- or iso-di-broiao- 
succinic acid with alcoholio BOH (4 xn^*) Hi 



** AOETTIJBN®- OABBOXYttO 

per cent, of the theoretical (Baeyer, 5. 18, 677). 

in Efflorescent crystals, 
these contain aq., which they lose over £sO, 

irtTp ^^^q.: slender needles.— 

water.- 

Dl»E*f r CuC.0.3aq. : blue 

2212) ’ ^ (Bandrowski, B. 12, 

acid salts 

are converted, by hcatmg with water, into pro- 
piolio acjd : CO,H.C;C.CO,H = CO,H.C:CH + Ca 
—2. Sodiimi-atnalgam reduces it to succini'o 
d. ammte combines forming di-bromo- 


ACBmwre HTDaoCHMSIBB V. Oatoao. 

BTHTLEKK w««v»v 

ACETYIENK DI-HYDBOCHLOBIDB V. di^ 

CHLOBO-BIJHAlfB. | v. 

6oWDE ^-r^Bo-KTartaH.. 

ACETYLENE NAPHTHALENE o 

Acenaphthtlene. t 


acid. 

^"^^aric acids. 

Meayl ether Meji". (197°). Colourless 
liquid (Bandrowski, B, 15, 2694). 

tetra-carboxylic acid, so called, v. 
Eimins tetra-cauboxtlic acid. 

• di-carboxylic acid C.H 0 an 

S^hao* aqueous solution of 

upon a cooled inafjma of 
sodium propiolato; 

ry ,4 tC : p -%. O ^ f \ " 7y . A 101. •J'.jfll 

l.n t? oa needles or tables, v. sol. water, alconoi, 
ether, v. si. sol. benzene or benzoline. Turns 
brown at 100° and explodes very violently at 
B. 177°. Explodes also on percussion. Turned 
purple by light. Gives a brownish-red pp. with 
ammoniacal cuprous chloride. 

Beactions. — 1. Sodium-amalga^n xeduces it to 
hydro-muconic acid, 

C02H.CH:CH.Cn2.CH,.C0,H, 
and adipic acid, CO,n.CH2.CIJ ,.CH2.CTI,.CO,H ; 
some propionic is formed at Uie same time. — 
2. Zinc diist and HCl also reduce it to adipic acid. 

Ether. — Et^A" (184°) at 200 mm. An oil. 
Beduced by zinc dust and HCl to ethyl pro- 
piolate (Baeyer, B. 18, 678, 2269). 

Tetra*acetylene di-carboxylio acid 
CjoHjO^ i.e. COjH.C5C.CiC.C:C.C-.C.CO,II. 

Fre^rafion . — ^An aqueous solution of the 
acid sodium salt of di-acetylene di-carboxylic acid 
is heated on the water-bath. Sodium di-accty- 
lenemono-carboxylate, H.CrO.ClC.COjNa, is then 
formed, with evolution of CO^ ; the cuprous com- 
ponndof this salt, Cu.C:C.C:C.C02Na (?), is then 
prepared and this is oxidised by potassio ferri- 
cyanide: 

SCnCiaC;O.CO^a + 0,= 2CuO + (C;C.C;C.CO,Na), 
(Baeyer, B. 18, 2271h Tetra-acetylone di-car- 
TOXylio acid may be reduced to sebacic acid, 

by sodium-amalgam. 

lodo-acetylene carboxylic acid v. Iodo-pbo- 
yion o ^cn?>. 

ACETTLElftS DI-CHLOBIDE v. Di -CHLOBO- 
XTHTLENE. ^ 

ACETTLENS TETBA-CHLOBIDE ti. Tetba- 

OHLOBO-BTHAKE. 

ACETYLENE OHLORO-BEOHIDE v. CtiLOBo- 

BBOMO-BTBJLENC 

ACSmENS CHLOBO-IODIDE v . Chlobo- 
I0M-])|BIUUak 


acetylene-ueea c,h„n,o. 

^NH.CH.NHv 

co<( I \co, 
^nh.ch.nh^ 


Ohjcoluril. 


needles when 

cone. HCl IS added to a solution of glyoxal (1 pt ) 
and urea (2 pts.) and water (3 pts.). If the fil- 
trate 13 evaporated, it deposits a yellow modifi- 
cation or irnpure form (Schiff, A. 189, 157: 
Bottmger, B 11. 1787). Also formed by heating 
a mixture of tri-chloro-lactic acid, urea, and a 
little water at 100° (Pinner, B. 17, 1997). Formed 
when allantom is reduced witli (1 p. c.) sodium- 
amalgam (Remeck, A. 131, 119;SvWan, B.19, 

Prqpcrhc5.— White glistening prisms, sol. hot 

water. Gi ves a white flocculentpp.withng(N03),. 

Split up by boiling baryta water into urea and 
hydantoic acid-CJEAg,N,0,. , 

ACETYL-ETHYL-PROPIONIC acid t,. Ace- 

tyl-valeric acid. 

a-ACim-fl. ETHYL. Sljccmc . ETHEB 

‘.-^^..riP.vK-.CHAc.CHEt.COjEt (203°) 

S. G. i uo4. From aceto-acctio ether (68 g.), 
alcohol (120 g.), sodium (12 g.) and o-bromo- 
butyric ether (102 g.) (L. T. Thorne, C. J. 39, 
336 ; S. Young, C. J. 43. 172). 

ibcactions.—l. Decomposed by potash (2 pts.) 
and water (1 pt.) into acetic and ethyl-sucoinio 
acid.— 2. Decomposed by potash (1 pt.) and 
water (20 pts.) into salts of (JO» and j8-ace(^l-a. 
ethyl-propionic acid {v. Acetyl-valeric acid). — 

3. With NaOEtand Mel it gives a-acctyl-a-methyl- 
)8-cthyl-succinic ether (q. v.) — 4. The ether (3 pts.) 
boiled with cone. HCl (2 pis.) and water (4 pts.) 
for 2 days forms j8-acctyl-a.cthyl-propionic acid, 
which may bo extractdfi by etlier, and a crystal- 
line acid, Ketolactonic acid (q. v.) which re- 
mains in the water. Ethyl-succinic acid is also 
formed.— 5. When heated, it partly splits up 
into alcohol and ketolactonic acid. 

a - ACETYL - a - ETHYL - SUCCINIC ETHER 
C.JL^Oj i,e. CO,Et.CAcEt.CH,.CO,Et 1264°). 
From sodium acetyl-succinic ether and EtI 
(Huggenberg, A. 102, 146). Cone, alcoholic KOH 
converts it into etliyl-succinic acid. 

DI-ACETYL-FUMARIC ETHER 
Le. CO,Et.CAc:CAc.CO.,Et [96°]. Formed* by 
the action of iodine (1 mol.) upon di-sodio-di- 
acetyl-succinic ether (1 mol.) suspended in ether: 

CO.,Et.CNaAc.CNaAc.CO.,Et + Ij- 
Cb,Et.CAc:CAo.CO.,Et +«NaI. 

Long silky needles (Just, B. 18, 2036). 

o-ACETYL-GLUTARIC ETHER 0„H„O. i.e. 
CO,Kt.CHAc.CdrCH,CO,Et (272°) S.G. }g 
1*0505. From aceto-acetic ether, /3-iodo-propionio 
ether, benzene, and sodiui^alWisli^pDus a. Lim- 
pach, A. 192, 130). Cone, alcoholic EOH splits 
kit into acetic and glutaric acids. Boiling HOI 
'forms CO, and y-acetyi-butyric acid. • 

8'AetyI-glutario acid OHAc(GH,.CO,^« 
[109°]. FoMEned by heating a-oarboxy-jS-acetyf* 
glutaric acid ifxom. ohloro-acetyl-propiouio ether 
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indiodio-malonlot^her) (Ooncadft. Gathzeit. B. 
l9*44).~A«A^ 

Di-aoetyl-glutaric ether i.e. 

COaEtCl[Ac.CHAo.CH3.CO,Etor 
C02Bt.dHAc.CHa.C0.C]MLCH,C0|Et. 

(o. 245) at 140 mm. From oromo-acetyl-peo- 
j/ionic ether, CHs.CO.CHBl.CH2.COj,Et and sodio- 
aoeto-acetio ether (Knorr, B, 19, 47). Ammonia 
in HOAo converts it into di-methyl-pyrryl-acetio 
carboxylic ether 

CMe:C.CH2.C02Et 

CMo:C.CO,Et 

ACETYL-GLYCOCOLL V. Aceturjc acid. 

ACETYLIDE V. Acetyl chloride, Reaction 11. 

ACETYL IODIDE C.JLOI or Acl (108°) 
(G.) ; (105°) (C.). S.G.il 1-98(0.). Prepared 
by the action of P and I upon acetic anhydride 
(Guthrie, P. M. [4] (1857) 14, 18d) or on KOAc 
(Cahours (1857) C. R. 44, 1253). Also by heating 
acetyl chloride with CuL3|aq at 75°. The water 
of crystallisation has little saponifying effect 
(Spindler, A. 231, 272). 

Properties. — Liquid. Fumes in air ; pungent 
smell ; sour taste. Water quickly forms III and 
HOAc ; alcohol forms EtOAc. Decomposed by 
zinc or sodium at 15°, and by mercury in sun- 
shine, forming Hgl (G.). II. W. 

ACETYL-MALONIC ETHER C„II,,0, Le. 
CII,.CO.CIT(CO,Et)2 (239°-245°) S.G. 1-080. 
From aceto-acctio other, alcoholic NaOEt and 
ClCOaEt. (Ehrlich, B.7, 892; Conrad, ul. 214, 35). 
Aqueous NaOn decomposes it into acetone, CO^, 
alcohol, and acetic acid. 

ACETYL-METHYL-ACETO-ACETIC ETHER 
V. Aceto-acetic acid. 

ACETYL-TETRA-METHYLENE v. Ti.tra- 

IIETHYLENB METHYL KETONE. 

iftlETYL-TETiyi-METHYLENE CARBOXY- 
LIC ACID, so called, v. Acktyl-Butyl Alcohol. 

ACETYL-TRI-METHYLENE v. Li-MKiiiYL- 

ENE METHYL KETONE. 

a-ACETYL-a-METHYL-^-ETHYI - SUCCINIC 
ETHER _ 

C,,ILA CIl3.CO.CAf!^(CO,Et).CllEt.CO,Et. 
From a-acetyl-i3-cthyl-8uccinic ether, NaOEt and 
Mel (S. Young, C. J. 43, 178). Boiled with dilute 
HCl it forms a 7-oxy-octoic acid (j. v.) and 
methyl-cthyl-succiiiic acid. 

ACETYL-METHYL-TRI-x^IETHYLENE CAR- 
BOXYLIC ACID V. propykne-aceto-acdic acid 
under Aceto-acetic acid. 

a-ACETYL-a-METHYL-GLUTARIC ACID 
0,2HA«.c.CO,Et.CAIeAc.CH,,.CH,.CO,Et.(281°); 
S.Q. ‘jj.i 1’043. From /3-iodo-propionic ether 
and sodium methyl-accto-accticetlicr(Wislicenus 
a. Limpacli, A. 192, 133). With cone, alcoholic 
KOH it gives acetic and o-mcthyl-glutaric acids. 

acetyl-jiethyl-pyrotartAric ether 

t?. ACETYL-DI-lftlTHYL-SUCCINIC ETHER. 

O. acetyl- a- methyl- succinic ether 

C0,Et.CMcAc.CH2^0,Et (c. 203°) 
S.G. 1*067. From sodium acetyl-succinic ether 
and Mel (Kressner, A. 192, 135). Decomposed 
by cone, alcqliolio K4ii^ with formation of acetic 
and pyro-tartario acids. Baryta- water or IlCl 
produce COj and i3-acetyl-butyric acid (g. v.). - 
• a-Aoetyl-B-methyl-succinlc ether * 

CGjEt.CMeH.CAoH.CO.^Et (c. 258°) (C.); #. 203°) 
(Gottstein, A. 216, 31); (0. 227°)«t 165 mm. 
(BiMhofl, A, 206, 820). S.G. {^.»1061. Formed 


by action of a-bromo-propionio ether on sodium 
aoeto-aoetio ether (Conrad, A, 1^, 226). De- 
composed by oono.«KOH into alcohol, pyro- 
tartario acid, acetic acid, CO^ and /3-aoetyl -iso- 
butyric acid; barytai-water (8 p.o.), or HCl, 
produce only CO^ and jB*acetyl-iso-butyrio acid. 

a-Aeetyl-a-^di-methyl-snooinio Ether 
C.AA Cb2Et.CteAc.CHMe.COaEt (270°- 
272°) S.G. f J.j 1-057, Formed from a-acetyl-B- 
methyl-succinic ether, sodium, and Mel (Hardt- 
mutb, A. 192, 142). Boiling cono. alcoholic 
KOH converts it into acetic and a-jS-di-methyl- 
succinic acids. 

ACETYL OXIDE and Peroxide v. Acetic 

OXIDE. 

ACETYL-OXY-COMPOUNDS v. Oxy-com- 

POUNDS. 

ACETYL-PHENYLENE-DIAMINE V. Phenx- 

LENE-DI-AMINE. 

B-ACETYL-a-PHENYLPROPIONIC ACID 

C,,H,A CO^H.CHPh.CHAc. Bemyl-acs- 
io7ie~y~carboxijlic acid. [120°J. Prepared by 
boiling the ethers of acetyl-phenyl-succinic acid 
I with baryta-water or dilute IlCI. Plates. V. sol. 
alcoliol or ether. On reduction with sodium- 
amalgam it gives the lactone of 7-oxy-a-phenyl- 
valeric acid, CH,.CH(OH).CH,.CHPh.C02H. 

Salts. —^A'.Xn: long white needles. — ’‘AgA't 
white pp.-^CuA'.;! green; insol. water, sol. 
alcohol.— ’‘CuA'., and ^BaA'^ are easily soluble 
(Wcltner, 7i.l7,72). 

ACETYL-PHENYL-SUCCINIC ACID C.^H, A 
i.e. CO,H.CHPh.CIIAc.CO,II. [121°J. Formed 
by saponification of the di-ethyl-ether, which is 
prepared by the action of phenyl-bromo-acetio 
ether on sodio-acct-acetic ether. Large plates. 
(Weltnor, B. 17, 71.) When boiled with dilute 
hydrochloric acid or baryta water, it splits 
off COjj, giving acetyl-phenyl-propionio acid, 
CA-Cn(CO.,H).CH2.CO.CH,. 

— A^'K^ easily soluble glistening needles. 

{a)-Mono~ethul-ether C.^HjA 
CO,Et.CIlPlLCITAc.CO,n. [133°]. Formed to- 
gether with the di-ethyl ether by the action of 
pheuyl-brom -acetic ether upon sodio-acoto-acetio 
etlicr. On heating, it evolves CO._j, giving phenyl- 
leviilic etlicr (Weltner, B. 18, 790). 

{fi)-Mono-cthyl~ether 
CO,H.CHPh.CHAc.CO,Et. [128°]. Wliite pearly 
plates ; easily soluble in alcohol and ether. 
Formed by the action of sodium phenyl-bromo- 
acetate upon sodio-accto-acetic ether. By heat- 
ing to 200° COg is not split off. Boiled with 
baryta, it yields phcnyl-levulic acid. It is re- 
duced by sodium amalgam to a-phenyl-vsdero* 
7-lactone-i3-carboxylic acid ; 

CHPh.CO.O 

With alcoholic NH* it yields A 

Plienyl-hydrazidii Co-HobNA [149°], plates. 

Di-ethyUether A"Et.. [76°], plates. 

DI-ACETYL-PHOSPHORIC ACID^ 
i.e. HjAcJ’Oi. A viscid liquid,^ormed by the 
action of AcCl on Ag^PO, (Cariut a. Kammerer, 
A. 131, 170). Boiling water decomposes it into 
acetic and ortho-phosphoric acids. It forms 
a calcium salt, CaHAc2POs2aq, crystallising in 
needles. # 

AGETYL-PIPER - PROPYL - ALOEINB 0. 
OZIFBOriL-PIPEBIDXIia. 





: 4aHfS^ ACIDS O^o,. wjonhydridft 

': ' a^oetyl-pwpionie Aold CH,.OHAc.COiH, v. di-oxy-»;pentaBe, OHj.CH(GH).OH,.CHrCH,OH 
' Afethffl^aceto•cuk}ticacidnlMerAaETo^AcmwlcID» (Perkin jun. a. Freer, B, 19, 2560). 
jS.AoetyUpropionio Acid AC£TYI»-PYBO-PHOSPHO*I(|!ACID, 

CH 3 .CO.CHj.CH.^CO.^. Leviilic acid. [83*5®]. Thifbariumlalt, BaHAcP.P;2aq, is got as • 
(239°). S.G. IS 1*136. 1*448 at 15°. Boo 45*3. oiystalUno pp., si. sol*, dilute acids, by adding 

Formation. — 1. By rboiling* acetyl-succinic aqueous hydrogen peroxido to a solution ot 
ether with dilute HCl (Conrad, B. 11, 2177). barium acetyl-i)yrophospliite (Menschutkin, A, 
2, By boiling the following substances with very 180, 254). 

dilute HjSO, ; Levulose, inulin, cane sugar ACETYL - PYRO - PHOSPHOROUS ACIl), 
(Grote a. Tollens, .4. 175, ISl), gum orabic, or AcH.,pMO,2aq, is got by heating AcCl with IIjPOi 
caragheen moss (Benle, B. 9, 1157). Filter at 60® (Menschutkin, A, 183, 317). Crystalline 
paper and deal shavings give a small quantity, mass. 

Small quantities may also begot from giuct)se, iSV//A‘;.--KdIAcP.,,0;j2^,aq : slightly sol. water, 
milk-sugar, and galactose, by heating witli BallAcr.jO.^ : insol. water. — rbliAci\Oj: iusul* 
aqueous HCl. wat<.’r. 

PrcpctrafioJi . — Cane-sugar (l^OOg.l is heali’t] ACETYL-P YRO-T ARTARIC ACID v. Acetyl- 

for 20 hours with water (1500 g.) and ll^SO, MUTiiYn succixic acid. 

(150 g.), w'ith occasional shaking. A large quan- ACETYL-PYRROL v. PyiincL. 

tity of humic substance separuli.s. The thick Psoudo-acetyl-pyrrol v. Pyukyl methyIi 

liquid is filtered under piTsstire, mixed with ketonk. 

CaCOg (150g.), and tlin whole evaporated (till it ACETYL-SUCCINIC ETHER C, i.a. 

weighs 1500 g.). Tlie liquid is aj^ain filtered, CO.,Ft.CnAc.ClI.,.CO.^Et. (c. 255®) ; (210® i.V.) 
mixed with HySO^ (50 g.) andslieken with etlier. ! at 8.80 mm. S.G. *1., 1-079; ];? POiSH; a: 1-OSO. 
After evaporating the etlier, the levulic acid i M.M. 10-818 (rerkin, G. J. 45, 517). Formed 
(100 g.) is rectified (Grote, Kelirer a. Toilens, .4. j by action of ciiloro-acctic ether upon sodium* 
206, 210). If glucose be used, fhe yield is not ' aceto-acctic etlier (Conrad, A. ISO, 218). Oil, 
fio good, and it is then betti'r to use JfCl (r. ; ,SoI. alcohol or ether. Gives no colour witJi 
Conrad a. Guthzeit, B. 18, 112). Formic acid i J ’o.CI,;. Cone, alcoholic KOll splits it into acetic 
is also formed in these reactions : j and .succinic acids; boiling baryta-water forms 


cjt,,o,=(U1sO:,t cii (), + n.o. | 

Pro^icrfiVs.— Deliquescent trimetric ydate.s. j 
V. sol. water, alcohol or etl:er. On distillation | 
it produces (a)- and (/^)-ungel!eo lactone, ami akso ; 
iieotic acid, and another acid })os.dbly | 

[208°] (Wolff, A. 229, 200). Not attacked by ; 
bromine in the cold. I 

Bcactiom. — 1. Chronic in i.^ hire produces ! 
COj, and acetic acid.— 2. Dilute UNO;, gives 
succinic, oxalic, acetic, and liydria-vaihc acids ■ 
(Tollens, B. 12,884 ; A. 2(.m;, 257.).— 8. llediiee l, i 
by P and HlAq at 150 or by so lium- | 
amalgam in acid solution, to 7i-valeiic .ncid.— | 
4. In alkaline solution so<iitnii aiiuiiinni pro- | 
duces 7 -oxy-valeric, acid {q. v.). .5. (lives tiie j 
iodoform reaction with NaOM and T. — G. J.eacts ; 
with hydroxylamine, forming an osfln. i 

Salts.— Ca\.'.2aq : minute needic . 
six-si(tlul tables. — NaA': inimito necilies.— 


(at 150°) : bluish-green flat needles or prisms. 
Barium, magnesium, ami cadmium salts arc 


gummy. 

A7/im.-MeA'. (191-5°). S.G. [i 100X1. /A;, 
l*4216ftt 15°.K^ 62-2.- IGA'. (200-5 j (G.K.a.T.) 
(204°) (W.), S.G. ^ 1-0825. 1-421. JI-, 00-2. 

— PrA'. (215*5°). S.G. 1-U1U8. 1-124G. 


Boo 09*6. 

A mule.— ,0.^' H .. 
levulate and aicohonc NH. 


From ethyl 
or from (a)-angolico- 


lactone (g. v.) an<l aqueous or alcoholic ammo- 
nia. Six-sided tables (from alcohol-chloroform, 


Wolff, A. 229, 2G0). 


also Bkomo- and Cjiloko- 


AOETYIi-PllOP>)NIC ACIDS. 

ACETYL-PROPYL ALCOHOL i.c. 


.CH3.C0.C1I,.CH,.CH,0H. Methyl y-ory -propyl 
ketone. A colourless liquid, soluble in watei| 


formed by boiling bfomo-cinyFaccto-acetio ether 
BrCH,Ctf-L,.CHAc.CO,,Et with dilute HCl. It 
readily reduces ammoniacal AgNO^Aq but not 
Fel^ng^ solution. It is converted by heat into 


jS-acei vl-propionic ether and CO... 

lG\eHyl-hydra2idrA),,.Xl,^^.,0,. [80°J. At 
150’ it sj)iitsoli‘ KlOll and gives inothyl-oxy-qui. 
nizyl-acetie etlier (Kiiorr a. Blank, B. 17, 2051), 
Di-aceto-succiuic Etlior Cj^IIisO^ i.e, 
CO.,Et.CllAc.Ci.l Ac.CO,Et. f 79°J. 

Sodium aeeliu-etic ether is treated in ethereal 
solution with iodine (IliiglKumer, B. 7# 892) ; 

1 >C( >, !:t .(Ml .N:i.( ;« I.IM I - 1 - 1 ., = ( K t .( .M i Ac + 2 Xf 1 1 . 
The cthylie di-aeeto-succinate (jrystalliscs from 
tlu! ether (Harrow, C. J. 88, 427). It forms tri- 
metric tables, v. e. sol. alcohol, ether, or benzeno. 

Jh'ticUon. — 1. boiled with dilute H.BO^ 
(1 : lOj it gives oil and forms pyro-tritario 
or nvie etlier C,,llj...O., amt earbo-pyro-tritario 
ether CJl.O-Et. — 2. .1 bylroxylainlne forms a di- 
oxim (needh^s; Miiiu-hmeyer, B. 19, 1849), and 
a neutral ether C,.dl,.N() , (Kiiorr, B. 18, 16G8).— 
8. Ammonia forms di -methyl-pyrrol di-carboxy- 
lio etlier C,HMe.,N{GO.,IG).^, or 

' .C5[e:C.COaEt 

NH < I 

\CMe:C.CO.,Et. 

Primary ba.^es act in a siinilar manner, thus 
mcthylamine forms * 

.CMe:C.CO..Et 
NMc C I 

\CMo:C.CO.,Et 

(Knnrr, B. 18, 299). 4. 'j^li^niylAiydratim 

aet.s in a similar way: C,nH,80^ + N.^H 3 CuHs*« 
C,„l 1....N .0 , + 2H.,0. The new compound, which 
;NPh.CxMe:C.CO,Et 
may be ! I 

Nil .CMe:C.CO.,Et 

iscallod phouyl-di-metlv^^yi'idaaine di-carboxy- 
lic ether. It contains H.^0 less than the mono- 
pi lonyl-iiydrazkle of di-acetyl-succinio ether, 
CO.,lj;t.CH(CMG:N..riin).CIIAc,COJi;t (Knowr, B. 
17,’ 1058; 18, 305). It crystallises in^ prisms, 
[127°] (frCm benzoline). See also Phenyl- at 

1>»AZINE. * 





it 


XH^tyl9V^hid6t fhio^<:^^u>mhydride (120®). 
iV^porawoTi,— i. From Ao,0 and P^Sj (Ke- 
A. 90, 8ig)f Yield 10 p.o.— 3. From AcCl 
and KjS.— 8. By distilling PbS|Lo. • 

Proper ties, —An oil, slowly decomposed by 
water into HO Ac and IlSifo. 

Di-aoetyl Di-sulphide or AcS. [21®]. 

Formation.— 1. From KSAc and I (Keknl6 
a. Linnemann, A, 123, 279). - 2. From BaO.^ and 
Ao^jS in ethereal solution (Ilcckmann, J.pr. 125, 
466) : 2ACaS + BnOj = ACoS.,, + Ba(OAc).»— 3. By 
electrolysis of tliio-acetic acid (Bunge, B. .3, 297). 

Properfe.— Crystalline. Insol. water, v. sol. 
alcohol or CS.^. Decomposed by warm water or 
by alkalis forming thio-acctic acid and sulphur. 
Decomposed by distillation. 

ACETYL SULPHOCYANIDE C,TI,NSO or 
CH3.CO.S.Cy. (133®). S.G. ^ 1-151. From 
AcCl and lead sulphocyanido (Miquel, A.Ch. [5] 
11, 295). Pungent liquid. Decomposed by water 
into HOAc and HSCN. Forms with NH, in 
ethereal solution a non-volatilc liquid which dis- 
Bolveain water and gives a red colour with Fe.CIg. 

ACETYL-THIO-UREA v. Thio-urea. 

ACETYL-TOLYLENE-DI-AMINE v. Toly- 

LENB-DI-AMINE. 

ACETYL-ITEEA v. Urea. 

ACETYL-VALERIC ACID C,n,,03. 

«-Acetyl-n-valerio Acid v. n-propyl-accto- 
acetic acid under Aceto-acktic acid. 

a-Acetyl-s-wo-valeric Acid v. iso-propyl-aceto- 
acetic acid under Aceto-acetio acid. 

o-Acetyl-tt-iso-valeric Acid u. mcthyUelhyl- 
aceto-acetic acid under Aceto-acetic acid. 

iS-Acetyl-w-iso-valeric Acid 

CH..Ac.CITEt.CO,H. 

(250®i262®). Got by boiling ft-acetyl-jS-othyl- 
Buccinic etner (?. -i^) with dilute KOTI (Thorne, i 
C.J, 39, 340). Liquid, miscible with water, aU | 
cohol, and ether. Turns brown in air. It is : 
gradually decomposed by heat into H^O and an j 
oil C,H,„03 (219®). S.G. 1-0221. 

Heociion.— HNO3 oxid^es it to cthyl-succmio 
acid. 

Salts.— Oiommy, soluble in water. 

Et A' (224®- 220°). Lighter than water. 

ACHILLEA.— The Iva plant (^. Moschata) \ 
has been chemically exaniiiied by v. rianta- i 
Roichenau {A. 155, 145), who has extracted from j 
it the following substances : 1. I vain C._,JJ,...05, 
obtained by distilling the dried herb (freed from | 
the roots) with water to remove volatile oil, ex- : 
hausting the dried residue with absolute alco- | 
hoi,. precipitating with load acetate, reinoving 
excess of lead with H.,S, and exhausting the 
evaporated residue with acetic acid to remove 
achilleiu and moschatin. Ivain then remains 
as a dark y#lJow resinous mass, insoluble in | 
water, easily soluble in alcohol, yielding an 
intensely bitter solution. — 2. Achilleln 
OaoHsgNjO, J and Moschatin 02fH...,N 0, are ob- 
tained by distilling the herb, gathered before 
flowering, with water, exhausting the concentrated 
filtrate with absolute lAiohol, evaporating off the 
alcohol and adding water, which throws down 
moschatin; and on treating the liquid filtered ^ 
theisfrom with Pb(OH)2, again filtering, remov- 
ing laa4 with HgS, and evaporating, Acmllein 
temainfl as a brown-red mass, vorj soluble in 
water» lass readily in alcohol, insoftible in ether ; 


very bitter ; not precipitated bv lead salts. Re- 
solved by prolonged boiling with dilute suipburio 
acid into sugar andCaohilletin 0,,H„NO„ a 
dark-brown powder, insoluble in water, very 
slightly soluble in alcohol; not bitter. Mos- 
chatin CjiHjjNO, is pulverulent, nearly in- 
soluble in wat|r* som^hat soluble in absolute 
alcohol ; tastes bitter. 

A. Ageratiim^ growing in Italy and Provence, 
yields an essential oil boiling at 165®-182°; 
sp. gr. 0-849 at 14° (D(3 Luca, J. Ph, [4] 18, 105). 

H. W. 

ACHROO-DEXTRIN v. Dextrin and Starch. 

ACIDIMETRY. The estimation of acids by 
volumetric methods. V. Analysis. 

ACID-FORMING OXIDES. Same as Anht- 

DUTDES iq.V.). 

AClBS.Salls of hydrogen. The word acid 
' (ac, sharp ; acerr, to be sour ; compare aceiim^ 
vinegar, o|uy, u^ns) was originally loosely applied 
: to all sour liquids. The term cannot now be ac- 
curately (leliued ; but it may be stated generally 
that an acid is a compound of hydrogen, which, 
i when mixed with, or dissolved in, water, is capable 
I of exchanging the whole, or a portion, of the hy- 
drogen it contains for a metal, with simultaneous* 
formation of water, by the action on the aqueous 
' solution of the acid of a metallic oxide or hy- 
droxide. 

History. — The corrosive action of acids, and 
tlioir power of dissolving metals and other sub- 
stances have been known from early times. 
Tims Gebor, who lived during the eighth cen- 
tury, was acejuaintod with impure nitric and 
sulphuric acids, and described them under the 
name aqxuc dissohiHvfr. Paracelsus {16th cen- 
tury), from whom the school of latro-chemists 
sprang, held that tlio linmim body in health 
consisted of certain acid and alkaline principles 
which balanced each other, and that disease was 
duo to a preponderance of one or other of these 
principles. He was the first to propound a theory 
to account for tho properties common to all 
acids ; he supposed that they all contained an 
acid principle, which conferred taste and solu- 
bility on all substances into which it entered. 
This theof^ was accepted by Becher (17th cen- 
tury), who named the acid principle acidum 
jirimogcnimn ; and he a(hlod that it conUisted of 
a compound of earth and water, both of which 
he bedieved to be elements. The distinctive pro- 
perties of acids:— their solvent power, their 
power of changing the colour of certain vege- 
taldo tinctures, and the fact that they form 
neutral bodies with alkalis;— were catalogued 
by Boyle (17th century). Stahl, in 1723, adopted 
Bccher’s theory, and endeavoured to prove that 
while acids were tho bases of all saline bodies, the 
principle of all acids was sllphuric acid. Stahl’a 
view continued to find supporters for a long 
I time, but its defects w-ere at length perceived. 
Many of the supporters of tho phlogistic theo^ 
held that inorganic acids, such^as ful|lhuric 
and phosphoric acids, were simpm substancefl ; 
and that by their combinations with phlogiston 
they gave rise to bodies such as sulphur and 
phosphorus, which were then regarded as com- 
pounds, but which W0 now know^o bo elements. 
After the discovery of oxjrgen by Prigstley and 
Scheole, Lavoisier, in naming that element from 
(acid) and yeyyiu (I produce), genei|}i8ed 
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the facto discovered hj him, that many acid 
bodies are produced by the union of * combus- 
tibles* with oxygen ; and ^though it was pointed 
out Beiihollet in 1789 that aulphydric and 
prussic acids contain no oxygen, the view of 
Lavoisier generally prevailed until the researches 
of Davy, and of Oay-Lussac and Thenard, on 
muriatic and oxymurifitic aciils (hydrochloric 
acid and chlorine) in 1810, and the discovery 
and examination of hydriodio acid, and the in- 
vestigation of prussic acid by Gay-Lussac in 
1814 and 1816, compelled chemists to recogniso 
the existence of true acids containing no oxy- 
gen, and led to a distinction being drawn between 
acids which contained oxygen, and those wliich 
did not. 

Lavoisier also regarded acids as binary oxy- 
genated compounds ; and he supposed tliat the 
water which must bo present in order that an 
acid shall react on other bodies merely played 
the part of a solvent. This view was supported 
and extended by Berzelius, who taught that 
certain oxides arc capable of uniting with each 
other to form ‘ ternary ’ compounds or salts, and 
that these salts are decomposed by electrolysis 
into their ‘ binary ’ constituents, which arc an 
acid and a base. Berzelius therefore applied 
the term electronegative to that oxide wliich ap- 
peared at the positive electrode on electrolysis of 
a salt, and the term cloctro 2 }ositive to that oxide 
which separated at the negative electrode. Tlie 
negative oxides he classed as acids, and the 
positive oxides as bases. This theory ignored 
the fact that water is associated with these 
oxides in their various reactions; and, more- 
over, it overlooked the evident analogy between 
acids containing oxygen and acids containing 
no oxygen, but formed by the union of the 
halogens, or haloid groujis, with hydrogen. . To 
restore this analogy, Davy proposed to abandon 
the old view that acids were comiiounds of 
certain elements with oxygen, and suggested 
that all acids, whether they contained oxygon or 
not, should be considered as compounds of 
hydrogen. Dulong supported Davy’s view, and 
extended it ; he regarded acids as compounds of 
hydrogen with elements siudi as/ill, I, »S; or 
with radicles such as ON, NO 3 , SO,. As it was 
at thiy. time supposed that such radicles wore 
capable of separate existence, and as Dulong’s 
hypothesis involved the creation of a largo num- 
ber of hypothetical substances, this hy^iotliesis 
did not meet with general suppoi t. It was re- 
served for Gerhardt, led by a study of organic 
substances, to prove that most acids, when 
vaporised, do not separate into an oxide and 
water, but pass into the state of vapour as a 
whole. From this it followed that hydrogen, 
’•cplaceable by metcis, must be a constituent of 
all true acids. 

Characteiustic featuues of acids.— Bodies 
possessing properties corresponding with the 
defiaitijjn of an acid given at the beginning of 
this article blways contain hydrogen in intimate 
eombinatiorfwith one or more of the following 
elements; fluorine, chloiino, bromine, iodine, 
oxygen, sulphur, selenion, tellurium, or certain 
groups of elements (e.g. cyano:;(m) of whiclr 
carbon is orfc (comp. Acids, Ouoanic, p. 63). 
It is tnib that water is not accounted an acid, 
lor if it usaal to include hydrogen dioxide 


among the acids; yet if ^ definition of add 
were strictly applied hydrogen dioxide would 
find a place in this ol^s, for it has an acido 
reaction with test paper, and on addition, for , 
examp^, of ba^um hydroxide to a solution oIq 
it in water, the reaction characteiistio of acids 
takes place ; — • 

Ba(0H),.8H,0 + HA - Ba08.8Ha0 + 2E,0, 
Again, the reactions of hydrogen sulphide, selen- 
ide, and tellurido, with alkalis, would lead to 
their inclusion among acids. The name acid 
must also be applied to most compounds of hy- 
drogen and one of the elements above mentioned 
with a third element. The following examples 
will illustrate the definition given : — 

Simple. Ooniponnd. 

HF. HBF, = HF.BF,. 

HCl. H,,PtCl,-=2HCl.PtCI,. 

HCN. H;Fe(CN)„ = 4HCN.Fe(CN), 

(H,0.) H..SO,«H.,O.SO,. 

H,S. H;CS 3 = H,S.CSa. 

&c. &o. 

Such bodies as H^ZnO^ (Zn (OH)^), and 
H 3 AIO 3 (AUOH),), may bo classed either among 
acids or basic hydroxides, inasmuch as they 
possess the characteristics of both classes. ^ 

Among tho cojnpounds of carbon the acids 
form an important class. The formula of these 
compounds may bo supposed to be derived from 
tho formula either of formic acid, or of carbonic 
acid. If formic acid bo taken as the type, then 
most acids containing carbon may bo viewed as 
substituted formic acid ; thus ; — 

HCOOH. CII:,COOH. C,H,(C00H).3. 

Formic acid. Acetic acid. Succinic acid. 

C 3 H,( 0 U)(C 00 II) 3 . 

Citric acid. 

It is to be noticed tha^ in two cases more 
than one molecule of formic acid is employed; 
and lliat succinic acid, by this view, is to bo 
regarded as two molecules of formic acid, in 
which two atoms of hydrogen arc replaced by the 
group ; while citric acid is derived from three 
molecules of formic acid by replacement of three 
atoms of hydrogen by the group C.,[f^(OH). The 
carhoxylic acids may ho similarly derived from 
carbonic acid (CO(()il).j), if one hydroxyl group 
bo regarded as replaced by an alkyl or similar 
group. But it is oh'ar that unless this view of 
the composition of carbon acids helps to render 
prominent tlic actual relations existing between 
these compounds, it can bo of no value. Li this 
view of the coiistitulion of carbon acids these 
com 2 >ounds are all reprosonted as containing the 
characteristic group CO. Oil ; this group has been 
named ‘carboxyl,’ u word derived from ‘car- 
bonyl,’ CO, and ‘ hydroxyl,’ OH, and implying 
the presence of these two groii 2 JSj^ That most of 
the acids of carbon contain th ft group CO.OH ia 
rendered probable by tlie following considera- 
tions : when gno of the.se acids is distilled with 
phosphorous chloride, l’Cl.„ the hydroxyl group 
is replaced by chlorine, thus ; 

3CH.,.CO.OiI + 2rci3 - ^i,CO.Cl -I-.PA + 3HC1. 
And on warming such a chloride with water the 
acid is re-formed ; 

CH 3 .CO.Cl f H 3 O * CH 3 CO.OH + HCl., 

It is|huB proved that oxygen and hydrogen can 
be removad together from the acid molecule* 
Moreover, oi treatment of the acid chloride with 
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BftflOdni hydrogen, th% chlorine is replaced by 
Jiydrogen, and an aldehyde is produced, thus ; 

^ CHjCOOl +^H - CHjCHO + HCl. 

^^is aldehyde, •when treated v^h phos||horio 
"hloride, POlj, exchanges its oxygen for two 
atoms of chlorine, thus ; • 

OHjOHO + PCI, - CH^.OnCl., + POCI,. 

It is therefore inferred that the atom of oxygen 
replaced by chlorine in the lust reaction is 
differently related to the other atoms in the 
molecule from that atom of oxygen which is 
replaceable by chlorine only when hydrogen ac- 
companies it. Tlie formula of the characteristic 
group, CO.OH, tlius appears reasonalilo. 

But there are many compounds of carbon ex- 
hibiting the property of exchanging hy<lrogen j 
for a metal by the action of an oxide or Ijydroxide, j 
which do not contain the carboxyl group. Among j 
these compounds may bo mcntir)nod bodies sucli 
as ethane sulphonic acid, C.dl-.11S0.„ and ctliano 
phosphonic acid, CoH,.H.d’63, Ac. ; many of tliese 
bodies may be regarded as acid ethereal salts of 
. inorganic acids. There are, however, others which, 

- in spite of their acid properties, it is not usual to 
name acids, although many of them might be 
legitimately included in tliis class. For instance 
. the mercaptans, of which ethyl hydrosulphido 
may be chosen as an example, react with oxides 
or hydroxides in a similar mariner to snlphydric 
>cld, H^S, tlius, 0,H,.SII H- KOII - C Ji,SK + H,0: 
and the corresponding seleiiioii and tellurium 
compounds exliibit a like behaviour. Again, 
many of the nitro-compouiids of the alkyl 
radicles have the po^Yer of cxcl ranging hydrogen 
for a metal, under the usual limitations, as for 
example : 

OH, NO, + Kon - Cn.KNO,. + n ,,0 
^(NOj),!! yields etc. Hydroxyqui- 

. nones, such as alizarin C, ,11^0,(011),, act as 
dibasic acids, forming compounds such as 
, C,4H80,(0K),; phenols, and their substitution 
derivatives, also yield metallic derivatives, e.ff. 
sodium phenato CgHsONa, sodium picrato 
OaHj{(NO J, ONa. On compaif?ng such compounds 
with each other, and with other acids, the fol- 
lowing deductions may be drawn : "(1.) That a 
powerfully electro-negative element such as 
fluorine, chlorine, bromine, or iodine, confers 
acid properties on its compound with hydi ogen. 
(2.) That in compounds of elements exhibiting 
loss markedly electronegative properties than the 
halogens, the presence of an electroiiegativo ele- 
ment is necessary to the development of acid 
. character. This may bo seen from the follow- 
ing coilsiderations. Hydrocarbons, such as mo- 
ihane, CH^, exhibit no acid properties; if an 
atom of an olectronegativo element such as 
oxygen or sulphur is introduced into the mole- 
cule in place of ^Ro or more atoms of hydrogen, 
the compound so formed, although not geiicially 
a true acid, yet exhibits a more ^r less acidic 
.character. Thus, mothylio alcoliol, 011,011, 
forms metallic derivatives (CH,ONa, Ac.) by the 
action on it of strongly positive metals ; but as 
Buoh compounds ore dec<?hiposcd by water, they 
cannot be formed in presence of that substance. 
Here, however, we may note that phenol, CgHjOH, 
aad0i&il&rcompound4,.r6aots with the hydroxides 
of strongly positive metals to forma metallic 
dorxyativea whiioh, although compa«ttively un- 
stable^ are neyemeless capable of ezisteuoe in 
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presence of an excess of alkaline hydroxide. But 
if a derivative of a hydrocarbon contain two or 
more electronegative atoms or groups of atoms 
in the molecule, then, as a rule, this compound 
forms metallic derivatives of considerable sta- 
bility. Thus, the replacement of two atoms of 
hydrogen in the Inolecul# of an alcohol by an 
atom of oxygen (converting the group character- 
istic of primary alcohols, GH^jOH, into tlio cafr 
boxyl group, CO.OH) is attended by a marked 
increase of acid properties. Similarly the ex- 
istence of oxygen combined with carbon in 
liydroxyqiiinones (as carbonyl, CO) confers on 
hydroxyl groups present the power of exchanging 
their hydrogen for metals by reactions common 
to acids. And in presence of a largo amount of 
an eloclroncgative element the exchangeable 
hydrogen need not even be present as hydroxyl ; 
for as shown above, such bodies as nitrornethane, 
CH.,NOi,,form metallic derivati ves, like CH^KNOj. 
Comp. Aceto-acetic acid, p. 17. Begarding the 
redations between the nature of different elements 
and the acidic character of their compounds v, 
further Classification. 

Basicity of acids. — Rome acids, on treatment 
with the oxide or hydroxide of an alkali metal, may 
exchange all their hydrogen for metal, thus pro- 
ducing a salt ; and it may not be possible to obtain 
from them a body intermediate between the salt 
and the acid ; such an intermediate derivative is 
usually termed an acid salt. From other acids 
such interme.diate derivatives are obtainable. 
The acids of the former class are termed ‘ mo- 
nobasic ’ ; those of the latter class are termed 

* polybasic,’ including the terms ‘ di- * ‘ tri- * 

‘ tclra- ’ basic. The conception of the basicity 
of acids was introduced by Graham. Before his 
researches in 1833, it was supposed that an 
‘ acid salt ’ contained, as its name implies, both 
a aid and salt, and on the binary theory it was 
considered to be a compound of the two. But 
Graham showed that in neutral potassium phos- 
phate there are, as he expressed it, three equiva- 
lents of potash for one equivalent of phosphorio 
acid, or in modern language, three atoms of 
potassium fo§ one atomic group PO, ; and that 
the acid phosphates differ from the neutral 
phosphate in containing water instead of potash, 
or as we should say, hydrogen in place of potas- 
sium. The composition of hydrated phosphoria 
acid being expressed by the symbol (old notation) 
POj.OHO, the composition of its different salt# 
might be expressed by the symbols : 

P05.2II().K0; PO5.HO.2KO; PO5.3KO. 
Phosiihoric acid was therefore termed by Gra- 
ham a ‘ tribasio acid.’ In 1838, Liebig pointed 
out the necessity of considering the following 
acids as polybasic, because the fact that they 
form acid as well as neutrm salts ; — cyanurio, 
malonic, comcnic, citric, aconitie, aoonic, tartaric, 
malic, and fumaric. In consequence of this 
change of view, Liebig argued that it ^aa 
better to give up the binary theciy of acids 
held by Berzelius, and to go back do the older 
theory of Davy, viz. that acids -are to be regarded 
as formed by the combination of hydrogen with 

• simple or a compound radicle, the nature of 
this radicle having no part , in dcibrmining the 
number of stages in which the replacement of 
hydrogen by metal takes plaoe. Thus by ad- 
dition of oxygen or eulphtir to sulphuretded 
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hfiro0en (sulpbyddoaoid) the following dlbftsiq 
Mi4s are obtainable : — ^ 

Sulphydric acid . • Hj,S 

Hyposulphurous acid • H..SO, 

Sulphurous acid . • H.SO, 

Sulphuric acid . • H-.SO, 

Thiosulphuric ficid . ^ 

Bithionio acid . . • 

It was, however, known that many acids, 
having a claim to be considered monobasic, 
each as hydrofluoric, acetic, benzoic, and stearic, 
gave rise to double salts by addition of a mole- 
cule of acid to a molecule of salt. Laurent and 
Gerhardt pointed out that the relative densities, 
in the gaseous state, of many acids belonging to 
this class imply that a molecule of each acid 
contains only one atom of hydrogen ; further, 
that an acid of this class forms only one alkyl 
(or ethereal) salt, and ono amide ; that while 
polybasio acids generally yield anhydrides by 
some direct process, often by the action of heat 
alone, the anhydrides of moriobasio acids are 
usually obtained indirectly, and that anhydro- 
salts such as dichroniato of potassium, are ob- 
tainable only from polybasio acids. 

The number of atoms of hydrogen contained 
in a molecule of an acid is no criterion of its 
basicity ; this fact was noticed by Gerhardt, but 
its bearings were more fully elucidated by Wiirtz 
and by Kckul6. The basicity of an acid is de- 
termined, not by the number of atoms of hydro- 
gen which it contains, but by the number of 
stages in which the hydrogen can be replaced, or 
in other words, by the number of salts which it 
is capable of forming with a specified monovalent 
metal. Thus a study of the salts of the follow- 
ing acids has led to their classification as shown 
below. 

Monobasic. -HF, IICl, HNO,, 

n{HCO,), HllF^,‘HAiiCI,. 
Dibasic.-H,SO„ H (IIPO,), H..C2O,, 

ILPtCl,. C,H,(COOH),. 
Tribasic.— HaPO^, TT.FefCN),., HaAsO^, 

CaH,(on)/coon)3,c.rr.,N(cooTi)a 
Tetrabasic.~IT,r..(h, }I,Fe(CNj„ CJL(COOn)^. 
Hexabasic.-C..(CbOH),. « 

Tlic number of salts of a monovalent metal 
whic(i an acid is capable of fonningcorresponds, 
as a rule, with its basicity. Thus tribasic ortho- 
phosphoric acid forms three salts with potassium, 
viz. ILKPOj, HKnPO^, and KyPO^ ; and similarly 
with other acids. 

This classification, as already stated, is 
founded on a study of the salts of acids con- 
taining monovalent metals, practically of the 
salts formed by the action of potash or soda on 
the acids. The researches of Thomsen on the 
quantities of hefit produced when acids and 
bases mutually react in equivalent quantities 
have confirmed the conclusions drawn from a 
study of the comiiosition of salts. The principle 
of thectheijnial method may be thus stated If 
a dilute ariueous solution of a monobasic acid is 
mixed witnan equivalent quantity of an alkali 
also in dilute aqueous solution, a dofiDite quantity 
of heat is produced ; if more than one equivalent 
of acid is used for one equivalent of base, tno 
tome quantity of heat is produced. This is 
shown by the examples which follow: * 

'' Inures reprciseab gram-nuitsof hcub, 


Aold. 

KuinlMn: of equivalents of aoidtd adtl 
equiT^ilent of baM (NaOHAq) ^ 

HOl!kBr.m 

B> 9 

18,700 

1 

13,700 

0 1 . 

6,860 ' 

HP. . . 

10,Qi90 

16,300 

8.200 

HSH . 

7,700 

7,700 

8,900 

HNO . 

2,800 

2,800 

1,400 

HNO, . 

13,600 

13,700 

6,800 

IIPH'Oj . 

15,400 

16,200 

7,600 

HPO.; . 

14,200 

14,400 

— 

H.C.il 302 . 

13,200 

13,200 

8,600 


In most of these instances, the acid forms no 
acid salt ; its hydrogen is replaceable in only ono 
stage. But although acid salts of acetic acid 
(e.ff., C.H^03.C.H,Na0a), and of hydrolluorio 
acid (IIF.KP’), are known, the formation of these 
salt.s by tlie action of the neutral salt and the 
acid is accompanied by a very small thermal 
change. This fact forms a reason, in addition 
to those adduced by Gerhardt, for classing hy- 
drofluoric and acetic acids with the monobasio 
acids. 

The thermal value of the action of a base on 
a polybasio acid, unlike that of the action of % 
base on a monobas^ic acid, is dependent on the 
■ proportion between the number of equivalents of 
; base and acid used. This is show'll by tha 
I following cx:imples : 


Number of equivalents of aci'l to one 
equivalent of base (NuOllAq). 



2 : 1 

4 

i 


i 

H.SO, 

11,200 H,G00 

15.500 


7,R00 


IF, so. 

— 15,!)(*0 

11,500 



7,300 


TIJMiO, 

11,000 M.HO't 

14.200 

9,600 

— 

... 

ll'CO, ■ 

— ill.ODO 

10.100' 

' — 

— 

i" — 


li,700,11,H0U 

i:j.5(m' 

^ 1,300 

— 

5,900 


~ jl 1.400 

14.3001 

— 

13,200 

9,100 


I Again, a small thermal change is noticed when 
I soluliono of a monobasic acid and of the potas- 
! siuDi or sodium sa’t of this acid mutually react; 
but if a solution of a polybasio acid is allowed 
to react with a solution of a neutral salt of the 
same acid, a marked thermal change occurs. 

I Thus the formation of KiIS04 from K3SO4 and 
H3SO , at is accompanied by the disappearance 
of about 8,000 gram-units of heat. 

OuTiio-AciDS AND ANirYDRo-AGiDS. — The aolds 
containing oxygen have been most completely 
investigated, owing to the fact that most of 
them are stable at ordinary temperatures, and in 
presence of air and w'ater. It is inferred, that in. 
1 these acids oxygen and hydrogen are in intimate 
I union, forming a hydroxyl group; the chief 
reason for this view', viz., that when these acids 
are treated with phosphoroi^, or phosphoric, 
chloride they yield the chloride of the acid 
radicle, has already been stated. Thus sul- 
phuric acid, ^0.4(011)0, yields sulphuryl chloride, 
SO3CI2; and phosphoric acid, POfOH)a, yields 
phosphoryl chloride, FOCI,. Suen groups as 
80..„ sulphuryl, or F^T phosphoryl, are termed 
acid radicles, and their compounds with hy- 
droxyl are acids. The term ortho-acid is em- 
ployed especially in the nomenclature of<)9arbQn 
acitfe, 

An (frtho-acid, strictly speaking, is^ ottd In 
which the element (0 which the hydroxyl 
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8{,0H). , 

unlcnown. Unknown. 

l(OH)r 

Unknown. 


Uuluiowii* 


S(OH). 


> 


S(OH). 

Unknown. 


It not oomblfled wiiil any other oxygen. 
Sneh oompottnds are in most oases unknown, 
but their existenoa is inferred from that of their 
metallicor ethdbeal salts, e.<7.Sl(®Na)4;C((iCH,).; 
CH.C(OOA)., * 0 . 

Many of the commonlyaoccurring acids may 
be regarded as derived from such ortho-acids by 
removal of water ; thus looked at, these acids 
are partial anhydrides. Their formation is 
illustrated by the following examples : 

S(OH), SO(OH), S0,(0H)2 so, 

Sulphuric Sulphuric 
acid. anhydride. 

lO(OH). IO,(OH), 10, (OH) 1,0, 

Periodic Salta known. Suits Periodic 
acid. known, anhydride 

(? known) 

PO(OH), PO,(OH) PA 

Orthopliosphurlo Meluphos- Phosphoric 
acid. phnrle acid. anhydride. 

Partial anhydrides are sometimes also formed 
by the condensation-products of two or more 
molecules of an acid, with removal of water, 
thus : 

SO(OH), SO,, (OH) 

>0 >0 

S0(0H)3 S0,(0II). 

Unknown. Pyrosulphuric acid. 
In most cases the composition of such acids is 
inferred from that of their salts ; the very 
numerous natural silicates may be conveniently 
classified as salts of such condensed acids 
(v Silicates). 

Affinity {or avidity) or Acids.— B y moasur- 
ing the thermal changes which occur when one 
equivalent of an acid, in dilute aqueous solution, 
reacts an one equivalent of the neutral salt of 
another aoid, also in dilute aqueous solution, it 
is possible to determine the proportion in which 
the base divides itself between the two acids. 
Measurements have been made by Thomsen, 
and he has named the proportion in which the 
base combines with eithef acid, the relative 
avidity of the acid. Thus when hydrochloric 
aoid (3G’4 parts) is added to potussium nitrate 
(101 parts), both in dilute aqueous solution, the 
thermal changes which occur point to an equal 
partition of the base between the two acids ; i.e, 
half the potassium exists in tho solution as 
chloride, and half as nitrate. On mixing nitric 
acid (63 parts) with potassium chloride (74*4 
parts), tho heat-change points to the same equal 
partition of the base. Hence it is concluded 
that the relative avidity, or aflinity, of hydro- 
chloric and nitric acids for potash is equal, and 
is expressed by the number 0'5. The relative 
avidity seems to be independent of the nature 
of the base witfliti certain limits ; it is also modi- 
fied only to a small extent by the concentration 
of the reacting liquids, or by small changes of 
temperature. This conclusion of ^Thomsen has 
received thorough confirmation by the researches 
of Ostwald; and this is the more valuable in- 
asmuch as Ostwald mdllsured the partition of 
acids between bases by a method depending on 


EOl 

1 


EBr 


Ht 

(rr# 

^SeO, 

0*45 

3 

very small 


Bf 


OCI..COOH 

0*38 


following table gives the relative sanities of 
80ZB9 acids towards the base soda « we affinity 
■ ^ hy^hlprio being taken as unity 


Aoid 

Avidity 

Add . HON 
Avidity very small 0*49 
Add HNO, 

Avidity 1 • O'M 

Acid (COOH), C,IT.O, 

Avidity 0‘24 0*05 

For more details v. Affinity, p. 67 ; Acids, 
Basicity of, p. 61. Eegarding acids v* also 
Classification. An acid with a large avidity 
or aflinity is frequently now spoken of as a 
strong acid^ the term weak being applied to 
those acids the affinities of which are expressed 
by small numbers. 

iEe/crcjmes.—Lavoisier, TraiU Alimentaire d$ 
Chimie, ed. 1781), i. GO et /xissim; Kopp, Oo- 
schichte der Chemie, i. 308 ; iii. 17 ; Davy, 
Journal of Scienre and the A rts, i. 285 ; also 
a A. 64, 377; T. 1815, 212; Berzelius, J. 6. 
184; Graliam, T. 18:53, 26:5; P. M. 3. 451 and 
4G0 ; Liebig, A. 2G. KJS, 170 ; A. Ch. 68. 6, 70; 
Laurent, A. Ch. [3] 24, 16:1 ; Mdthode de Chimie 
(1854), 62, Translation of Cavendish 5oc., 39- 
45 ; Gerhardt, Gerh. (1856), 4. 641 ; Wurtz, A.Ch, 
[:i] 55. 166; 50, 312; 61. 161; Kekul6, A. Ch. 
60, 127 ; Odling, P. M., 18. 368 ; Thomsen, 
Thcrmochcmisclie Untcrsuvhungen, i. ; P. 138. 
65, 208, 408 ; lf59. 193 ; 140. 88, 530 ; Berthe, 
lot, C. 11. 75. 201, 435, 480, 638, 583 ; 87. 671. 

W. R. 

ACIDS, BASICITY OF.- It has been shown 
in the art. Acids {q. v.) that some acids react 
with tho hydroxide (or oxide) of potassium or 
sodium to form only one salt, whereas other 
acids by a similar reaction produce more than a 
single salt. The former acids are called mono, 
basic, the latter poly basic. It was also shown 
in the art. Acids that the basicity of an acid 
may be determined by an examination of the 
Jwat of neutralisation of the acid. The thermal 
value of the reaction of a monobasic acid with 
a base, in dilute aqueous solutions, is indepen* 
dent of the ratio between the numbers of equi- 
valents of qpid and base used, provided not less 
than one equivalent of base is mixed with a 
single equivalent of acid ; but the thermal value 
of the reaction of a polybasio acid with*a base 
varies according as 1, 2, 3, do. equivalents of 
base react with one equivalent of acid. If the 
thcnnal reactions which occur when acids and 
bases react in equivalent quantities, and in di* 
lute aqueous solutions, are more closely exa* 
mined it is found that the dibasic and tnbasid 
acids fall into certain classes. Thomsen has 
especially examined this subject {Th. 1). The 
quantity of heat produced ^ring me neutralisa* 
tion of a dibasic acid is sometimes divisible into 
two exactly equal parts, according as one or two 
formula-weights of soda are allowed to react 
with one formula-weight of the acid. In other 
cases the thermal value of eaohEtagS oi the ; 
total operation is different. ThnsoDonsider the 
following data ; 

[U*SlP«Aq, NaOHAq]a 18,300 [H*S0*A^ NoOHAql- 
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[H»SO>Aq, KaOHAq]- 16,860 
[H’'SO‘Aq, SNaOHAq] - 7a x 16,860) -8,780. v' 
of these three acids represents a gsaopi 

ii 
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Thomsen divides the dibasie acids examined by 
him into three ^oaps according as the thermal 
value of the action of the second formula- weight 
of soda is (1) equal to, (2) greater than, or (3) 
smaller than, the value of the action of the first 
formula-weight. 

The data are presented In the following 
table 

Group I. 

Best prodnced !a aotlon of 

liaOH Acid 

IT,S1F, H,PtCI. 

1st formula-weight 13,300 13,600 

2nd „ „ 13,300 13,600 

Group IT. 

IT,RO* IT,SoO« H.,OA n,r!.TT^O. 
Ist „ „ 14,750 14,750 13,850 12,150 

2nd „ „ 16,050 15,650 14,150 12,850 

Group III. 

iT,so, ]r.,s, o, 11 , 00 , rr,r..A 

1st „ „ 15,850 14,750 11,000 11,100 

2nd „ „ 13,100 12,250 9,150 8,000 

H,CrO, lT,riTO, 0,1^00,11), 

1st „ „ 13,150 11,850 12,100 

2nd „ „ 11,550 13,600 11,750 

The tribasio acids examined by Thomsen 
may also be classified according ns the thermal 
value of the action of the second formula-weight 
of soda is greater or smaller than that of the ; 
first, and the value of the action of the third j 
formula-weight is greater or smaller than that j 
of the second. The data arc as follows 

Group I. 

Acid 

Heat produced In action TTAH»0, 

of NaOII (Acojiitic Acid) (Citric Acid) 

1st formula-weight 12,850 12,650 

2nd „ „ 12,050 12,800 

8rd „ „ 13,350 13,560 

Group II. 

Acid 

Heat produced in action of 

NaOII K,AsO, 

Ist formula-weight 15,000 
2nd „ „ 12,600 

3rd „ „ 8,350 


n3P0, 

14,850 
12,250 
* 6,950 

Grmip I. of the tribusic acids corresponds to 
Group IL of the dibasic, and Group II. of the 
tribasie, to Group III. of the dibasic, acids. 

Thomsen suggests that this classification of 
dibasic and tribasie acids may be summarised 
in the following typical formula) : — 

Dibasic Acids. 

^up°I. } formula j Pir, r.g. S1P..H, ; 


Acid of ) 
Group IT. I 
Acid of 1 
Group HI. J 


{R(On), ^./7.S0.(0H),; 

„ I R(OII)H e.ff. 60/OH)n. 

Tribasio Acids. 

'•» c.n.o,(on),: 
cw? II. } ffita I Hn(on)n ..y, nro.(on)n. 

As regards dibasic acids ; in tlie case of every 
acid examined by Thomson, except two, the 
thermal value of the action of the first quantity 
of soda addid is different from that of the 
aecondj^equal, quantity of soda. The first of 
the typical formulre suggested by Thomsen for 
thf three classes of dibai^ acids is probably to 


be assigned to H JtOL aifd H.SiF« only 
should the formula B(OH)2 rather ^an I , 
be assigned to the acids o4 Group II.? Tlhd 
formula B(OH)S[ would indicate‘the easy separa^ 
tion of the acids into anhydride (B) and water 
(OHH). But the arids placed in Group III. are, 
as a class, more easily separable into anhydride 
and water than those placed in Group U. If 
tho differences between the thermal values of 
the first and second quantities of soda acting on 
the acids of Group III. are tabulated we have 
this result: H,SO, = 2,760; H,SeOs * 2,600 ; 
H., 003 = 1,850; H.B.A = 2,200 ; H^CrO*- 1,600; 
H^PnOj = 1,250 ; a.H,(CO,H)2 = 650. These differ- 
ences vary from 9-5 (H3SO3) to 27 (C,,H,(CO,H)3) 
per cent, of the total heat of neutralisation. 
We have good evidence in support of the state- 
ment that succinic acid is a dihydroxyl com- 
pound ; therefore, although it occurs in Thom- 
sen’s third group, wo must place it with those 
acids the typipal formula of which is R(OH)2, i.e. 
with the acids of Group II. The other acids of 
Group III. are fairly easily separable into an- 
hydride and water. The formula CO.^(OH)H 
for carbonic acid is to some extent confirmed by 
the fact that tho higher homologues of this acitt 
although diliydric are distinctly monobasic. If 
the differences between the thermal values of the 
first and second quantities of soda acting on the 
acids of Group II. are tabulated we have this 
result: H., SO, = 1,900; H.,ScO, = 000 ; HaCA* 
600; ILH,C,Ort = 400. These differences vary 
from 6 (H^SO,) to 1*5 (IL,H,C,0,i) per cent, of 
the total heat of neutralisation. The differences 
in the ease of acids of Group III. arc consider- 
ably larger than these. When tho difference 
between the thermal values under consideration 
is small, and, as a rule, thn value of tlfb second 
quantity of soda is greater than that of the first, 
Thomsen regards tlic acid as, generally speaking, 
belonging to the type K(OH).^ ; when the differ- 
ence in question is largo and tho value of the 
second quantity of soda is, as a rule, smaller than 
that of the first, the acid is regarded as belong- 
ing to the type It (OH) 11. 

These thermal investigations made by Thom- 
sen point to the performance of definite functions 
by the different hydrogen atoms in tho chemi- 
cally reacting unit, or group of atoms, of many 
I)olybasic acids. Although the reacting unit of 
a tribasie acid contains three atoms of hydrogen 
all replaceable by metal under similar conditions, 
nevertlioless the energy-change which accom- 
panies any one of these replacements is often 
different from the energy-change which accom- 
panies the other replacements ; hence we seem 
justified in concluding that each of the replace- 
able atojns of hydrogen in thes^ acids is related 
to the rest of the atoms, whicH^vith the specified 
atom make up the chemically reacting unit of 
the acid, injji way different from that wherein 
the other replaceable atoms of hydrogen are 
related to the rest of the atomic complex in 
question. ^ 

In such acids as H,SOj, HjPOi, Ac., it is 
necessary to exhibit the difference's of function 
of the different replaceable atoms of hy^ogen 
by formula) which represent some of these acids 
as containing one OH group, others as contain- 
ing two OH«groups, and others three OH groans ; 
but acids are known the reactions of wluefa 
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oblige ai ton; that |be; contain. mote thwieoe acid ii a aubstanoe that contains hydrogen 
OH groupt and at the lame time to assert that whijsh can be displaced by metds with the 
each of these gronps plays a different part in formation of a metalfio compound not decom- 
the reactions oif the acid. Th|)^, glyoolho acid posable . by water. According to tUs defi. 
CH2OH.COOH is a monobasic acid ; the neat of nition, phenol, pyrogallic acid, nitro-ethane, and 
neutralisation of this acid u even the propargyl derivatives and perhaps 

[CH*OH.COOHAq, N^HAq] = 18,600 acetylene, are fi»ids. Compounds like sugar- 
(De Forcrand, C. E. 96, 582) ; but the addition lime are not necessarily salts, for the calcium 
of a second equivalent of soda to the neutral need not have displaced any hydrogen in the 
salt is attended with the production of a small sugar, but may have added itself in some way. 
quantity of heat Sodic carbonate gives off COj when mixed 

[CH’^OH.COONaAq, NaOHAq] = 4,200 with solutions of strong acids; if we adopt 
(i 5 ., Bl. [2] 40, 104). The disodium glycollate effervescence with sodic carbonate as a test of 
thus formed is, however, an easily decomposed acidity, wo shall consider the compounds just 
compound. Another monobasic acid, glyoxylic, is mentioned to be neutral bodies, but the nitro- 
known, having the composition CII/OH);j.COOH ; phenols and barbituric acid will still be acids, 
this acid forms a definite sodium salt, an aqueous In testing with sodic carbonate we assume that 
solution of which reacts with soda with the carbonic acid is the weakest of all acids ; this is 
production of nearly one>sixth the quantity of a mere convention, the fact being that there is 
neatproducodby the reaction of the first equiva- no definite line of demarcation between acids 
lent of soda on the acid. The data are these and neutral bodies, the two series shading off 
(Do Forcrand, C. R. 101, 1495) : — imperceptibly into one another. 

[CH(OH)^.COOHAq, NaOHArp! = 13,230 ; It will he noticed that the acidity of phenol 

[CH(OH)*.COONaAq, NaOHAq] = 2,000. is greatly increased by the introduction of 
Here we have a very distinct illustration of the nitroxyl. In general, the displaceable hydrogen 
•connections between thermal changes and the in an acid must be directly and indirectly 
modification in the nature of the reaction of a attached to strong chlorous (or electro-negative) 
specified group of atoms produced by the rela- elements or radicles, for it is the balance of 
tions of that group to the other atoms, or group affinities between these elements or radicles 
of atoms, in the chemically reacting unit of an and the metal that produces the stability of the 
acid (u. further Affinity ; especially pp. 74, 75). salt. In carboxylic salts one 0 directly, and 
M. M, r. M. CO indirectly, neutralise or balance the metal, 
ACIDS, ORGANIC. The empirical formula of say sodium, forming the stable group CO.O.Na. 
acetic acid has been expanded into tho In sodium nitro-phenol, NO.^.C„H4.0.Na, the 

structural formula CHjCO.O.H by reason of sodium is balanced by 0 directly and by NO, 
the following considerations. One fourth of indirectl}". In sodium nitrate, NOa.O.Na, the 
the hydrogen of acetic acid is displaceable by condition of tho moleoulo is similar (v. also 
metals 4 hence we write C.^HaOo.II. By the Aceto-acktic acid, p. 22 ). Too many 01 too few 
action of PCI3, acetic acid may be made to chlorous groups weaken an acid, for the equili- 
exchange the same quantity of hydrogen toge- brium of its salts is thereby destroyed. Thus 
ther with half its oxygen for chlorine, producing aldehyde, CIT3.CO.II is a neutral body, while 
acetyl chloride, C3H3OCI : hence wo write hydric hypochlorite, Cl.O.H, is a weaker acid 
C.^,O.OH. In the electrolysis of potassium than Cl.II. 

acetate, ethane and carbon^ acid are produced For purposes of classilication, it is most con* 
at the positive pole, potassium being formed at venient to arrange acids according to their 
tho negative polo. Tliis decomposition may bo struotural fgrmulie. Compounds whose structu- 
represented thus ; C..H3O0K = K COj + CH, ; but ral formula) exhibit closed rings, each containing 
methyl, CH3, is immediately polymerised, bo- more than two atoms, are classed as argmatWt 
coming ethane, C^Hy. This experiment shows a term that is more particularly applied*to the 
that half of the carbon in acetic acid is inti- derivatives of benzene ; all other organic com- 
matoly connected with oxygen, the other half pounds belong to the fatty series, 
being connected especially with hydrogen : hence Carboxylic acids of each series may be ar- 
we write, finally, CH3.CO.O.H. ranged according to their formulas and general 

Analogous reasoning applied to other organic characters as follows : 
acids, very frequently leads to a similar formula, A, Fatty Series, 

e.g. in the case of succinic acid to tho formula (a.) Monocarboxy lie acids: a. Mono-hydrios 

C3H4(C0.0.H)2. The acid character of these Series I, C^H^nO.j or Acetic Series; Series II, 
bodies is undoubtedly connected with the group C^TLa-aO, or * Acrylic ^rics ; Series III, 
CO.O.H or COjtij called car6o.r?/Z, and it is easy C„H..^_402 or Propiolio ^ries; Series IV, 
to generalise and say that all organic acids that C„II.,n_ 803 , e.g. tri-ethenyl-butyrio. — / 3 . Di-hy- 
aro free from sulphur, phosphorus, arsenic or dric: Series I, or Lactic Series; 

silicon, contain carboxyl. Kekdl6, therefore, Series II, c.g. Oxy-acrylic ; Soriea III, 

considers that the basicity of an organic acid is C„II.,„_403, e.g. oxypentinoic.— 7. 'iPti-ttydrio; 
determined solely by tho number of carboxyls C„H2„04 or Glyceric Series.— Hb Ketonio: 
it contains. Such a ciMclusion can, however. Series I, C„H2„..a03, e.g. aceto-acetio acid ; Series 
only be maintained, by defining an organic acid II, e.g. allyl-aceto-acetid acid ; Series 

as a substance containing carboxyl. If this ^II, C„H5j„.303, e.g. di-allyl- aceto-acetio acid.— 
definition be accepted, it follows of course that €. Di-ke tonic: OnHL. *04,e.<7.ace1ri-aceto-aceti(i 
aU organic acids do contain carboxyl. But if acid. 4 •«««« 

wo wish to let experiment guide ys, we must (6.) Di-carhoxylie acids: a. Di-hyw 
adopt aomo other definitioni raoh as that an drio : Series I, or Oxalic Seaoeii 





famArio aoidj StrfM 
^ di>oarboxylio 

. di-aoetvlene 
. . -hydrio: Senes I, 

malic series ; Series II, 

BfQ. ozy-itaconic acid. — y. Tetra-hydrio, 
tartaric wid. — S^Penta-hydrio, 
e.g. tri-oxy-adipic acid. — €. Hexa- 
hydrio, C„Ho„,jOg, e.g, saccharic acid.~^. 

Ke tonic, C„H2 b-A» acetyl-succinic acid. — 

9. Di-ketonic, CnH^n.gOg, e.g. di-acetyl-suc- 
oinio acid. 

(c) Tri-carboxylic acids: a. Tri-hydric: 

Series I, C„H2n-<0«, e.g. tricarballylic acid ; 

Series II, C^Hjj^.gOg, e.g. aconitic acid.— j8. 

Tetra-hydric: e.g. citric acid.— 

% Penta-hydrio: G„H,^.,Og, e.g. desoxalic 
acid.— «. Kotonic: e.g. acotyl-tri- 

carballylic acid. 

Tetra^carboxylic acids : a. Teita-hydiio 
OgHj^gOg, e.g. ethane tetra-carboxylic acid. 

B. Aromatic Series. It is obvious that 
when rings of atoms are introduced into the 
structural formulio, the empirical formulie be- 
come very complicated. We shall therefore not 
attempt fully to classify the aromatic acids. 

The most important series are as follows : 

(a.) Mono-carhoxijlic acids, a. M on o-h y d r i c : 

e.g. benzoic acid; e.g. ^ 

cinnamic acid ; e.g. phenyl-ino- | posed by H.^S, the barium salt by the calculated 

pimio ^id ; e.g. naphthoic acid ; quantity of H.^SO^, and the silver salt either by 

acid; C„H.,„.,gO.,c.(7. j H.^S or by the calculated quantity of HCl. 
phenyl-cinnamic acid ; C„H3„.jg02, e.g. anthra- ' 
cene carboxylic acid; e.g. tri-phenyl- 

acetic acid.— /3. D i - h y d r i c : e.g. 


(md tewphihdto 
acids.'-*^. By oxidAtiOn with KM&O4, c*fl'*vaiiiUi(i 
acid from oonifenn,, pyridine carboxylic acids, 
from methyl-p^dines. — 7. i’rofla nitriles by 
boiling^ith KOn, e.g. acetic and succinic acids. 
Unstable nitriles must be first converted into 
amides by cold con^ HGl, and the amides may 
then be turned into acids by boiling dilute HCl, 
pyruvic acid (Claiscn). The nitriles may be 
prepared from alkyl chlorides or potassio alkyl 
sulphates by distilling with KCy or digesting 
with HgCy^. No nitriles of the form XyC(ON), 
are known (Claus), hence derivatives of malonio 
acid cannot be prepared in this way.— 8. By the 
oxidation of primary alcohols : X.CH2.OH + O.^ « 
X.CO.OII + H-^C. Secondary and tertiary alco- 
hols can only produce acids with a less number 
of carbon atoms, e.g. CH3.CH(OH).CH.-}-60« 
CHgCO^H + COgH^ + ILO. 

jP/yj)aratio7t.—The‘ acids may be separated 
from insoluble neutral and alkaline substances 
by solution in aqueous potash ; they may then 
be liberated by H2SO4 and purified by one of the 
fallowing methods : 

(a.) If they are volatile, they are distilled 
alone or with steam. 

(d.) By conversion into a lead, barium, or* 
silver salt and, if possible, purifying the salt by 
crystallisation. The lead salt ‘is then decom- 


salicylic acid ; C„H2„_jo03, e.g. coumaric acid. — 
7. Tri-hydric: CgH^^.gO^, e.g. protocatechuic 
acid, 0„H2„,,gO„ e.g. oxy-coumaric acid.— 5. 
Tetra-hydrio, CJI^^.gOg, e.g. gallic acid.— 
<r. Ke tonic: c.j/. oxy-acetophenono 

carboxylic acid. 

(b.) Di-carhoxylic acids: a. D i - h y d r i c : 

hydro - terephtha lie acid; 


(c.) 33y acidifying and extracting with ether, 
A large number of acids are soluble in ether. 

licactions. — 1. Organic acids may be con- 
verted into ethers in two principal ways : (a.) By 
distilling with an alcohol and dilute H^SO^. The 
reaction may be supposed to take place in two 
stages ; the preparation of Ucetic ether Inay be 
thus represented : 

KtOH V n..S04 = EtHS04+ H..0 
EtHSO^H- irOAc = EtOAc + H.SO^, 

(f>.) If an acid is non-volatile, it is dissolved In 


^’ 0 ’ phtl'alic acid.-— tri-hydric: the alcohol and tlyi liquid is saturated "with 
e.g. oxy-phthalic acid. | HCl. After some hours the solution is poured 

The more complicated aromatic acids may , into water and the ppd. ether distilled, if pos- 

be classified in a similar way. It ’will be seen ; sible, in vacua' ' 

that they are all poorer in hydrogen than the j represented : 


the reactions may be thuf 


corresponding fatty acids. 

Organic Acids in general . — Occurrence : In 
the vegetable kingdom, c.g. oxalic, malic, tartaric, 
benzoic, salicylic, cinnamic, veratric, gallic, 
and tannic acids. In animal juices and secre- 
tions, e.g, lactic, sarcolactic, uric, hippuric, 
glycochofio, and taurocholic acids. In decaying 
organised matter, e.g. acetic, butyric, valeric, 
amido-propionlo, amido-hexoic, and glutamic 
acids. 

Formation, — 1. By decomposing products of 


Eton I HCl-EtCl + H^O 
EtCl . HOAc = EtOAc -h HCl. 

It is not necessary that IICl or H.EO^ should bo 
present in order that etherification may take 
place, for if equivalent quantities of an acid 
and an alcohol bo left in contact or heated 
together for a suHicientiy long time, from 64 to 
74 p.c. w'ill react upon each other, forming 
an other. The rate at which the reaction takes 
place is greatest for acids of the formula 
X.CH.^.CO^H, slower for so-Cfflled secondary 

nnwla YY^rT H nn.l t A..-*.* I. 


TOO animal or vegetable kingdom by boiling ^ acids, XYCH.CO..H, and slowest for tertiary 
wiTO dilute acids, e.g. amido-acetic, aspartic j acids of the type X YZ.C.CO.^H, where X, Y and Z 


and glutimio acids.— 2. From fats and fatty 
oils by koili^g with alkalis, e.g. stearic, palmitic, 
and oleio ^id&*— 3. From resins by potash- 
fusion, e.g. p-iRy-benzoic and protocatechuic 
acids.— 4. By WUng a variety of substances 
with iBlnte nitric acid (S.G. 1*2), e.g. oxalic and 
tartario acid^ from sugar and other carbo-f- 
hydratei|.— &''By oxidising aromatic hydro- 
aarbons and^her bodies with chromic mixture 
(aula, of SAaO,» 8pt8. of H^SOf and 8 to 3 


are alkyls (Mwschutkin, v. Chemical CHANaE).— 
2. Chlorides of phosphorus convert acids or their 
salts into acid chlorides of the form X.CO.CL 
These are usually sq^ble in ether, and are 
decomposed by water, more or less rapidly, into 
HCl and the acid X.CO.OH. Oxy-aoids ex- 
change not only their carboxylic hydroxifl for 
Cl, but also their other hydroxyls ; but the 
chlorides %o produced are not reconverted bt 
water into the original acid but only into ehloi^ 



59 


i Ibiii' |(wlib iwW# CH,.Cft(OH)#CO^, 
ia converted by P(!l* into laotyl iahloride,. 
p;^.CHCl»GQ01) whence water reproduces chloro- 
pKopionic acid, CHf CHGi.C02H. The chlorides 
iot upon diy nitrates of the hetvy meta)| (Agt 
Pb, Cu, Zn, and Hg) producing anhydrides, e.g, : 

2Ph.CO.Cl + Pb(IIO,)2= 

(Ph.C0),0 + PbCl2 + N,0, + 0 
(Lochowicz, I?. 18,2990). — 3. Amides are formed 
by the action of NIL, either upon the clilorides : 
X.COCl + 2NH,=*X.CO.NH, I NH^Cl, or ethers: 
X.CO.OEt ^NH3 = X.CO.NH, + HOEt. The am- 
ides are usually crystalline substances, and their 
melting-points form important means of recog- 
nising the various acids. — 4. Acetyl chloride 
converts acids into anhydrides {v. Acktyl 
chloridk). — 5. COOL, converts salts into anhy- 
drides.— 6. By heating with OaO or BaO, or 
sometimes by heating alone, CO._, can bo elimi- 
nated from the carboxyls. — 7. Dry distillation of 
calcium or barium salts usually produces hotonos 
{q. v.).~ 8. Distillation of calcium salts with cal- 
cium formate usually produces aldehydes (7. v.). 

Saltfi. — Salts are formed by neutralising the 
acids with metallic oxides or carbonates. They 
can be conveniently obtained by the addition of 
"^Unetallic sulphates or soluble carbonates to a 
solution of the barium salt of the acid, or of 
soluble chloridos to the solution of the silver 
salt. Sodium, added to ethereal or alcoholic 
solutions of oxy-acids, displaces not only carbo- 
xylic but also hydroxylio hydrogen. The 
compounds so produced are, in many cases, 
partly decomposed by water, the sodium that has 
displaced alcoholic hydroxyl being turned out 
again, e.g. CH3.Cli(0>ia).C().,Na h- H.O = 

CII,.Cl[(OII).CO‘Na + NaOII. 
The silver salt is usually the least soluble, and is 
frequency used in idetorraining the molecular 
weight of an acid ; for when the basicity of an 
acid is known the molecular weight can bo de- 
duced from the percentage of silver left after 
strongly heating the salt. Silver salts seldom 
contain water of crystallisation. 

Acetic Series CnlL.^O* Nomenclature. — 
The following names are employed in tliis dic- 
tionary, the numbers denoting the value of n : 

1. formic acid, 2. acetic acid, 3. propionic 
acid, 4. butyric acid, 5. valeric acid, 6. liexoio 
aoid = caproic acid, 7. heptoic acid==amanthic 
acid, 8. octoio acid = cainilic acid, 9. ennoic 
acid^nonylic acid = pclargonic acid, 10. decoic 
acid -capric acid, 11. hcndccoic acid- undecylic 
acid, 12. dodecoic acid = lauric acid, 13. tridocoic 
acid, 14. tetradecoic = myristic acid, 15. pentade- 
coic acid, 16. palmitic acid = liexadccoic acid, 
17.heptadecoio acid, 18. stearic acid-octodecoic, 
19. eneiidecoic acid = aracliic acid, 20. behenic 
acid » icosoic a^d. 

JSf'orwtafion.— besides the general methi)ds 
described above, the following may be noticed ; — 
1. The action of CO.j upon aodiqjn alkyls, e.g. 
NaC3H» + CO.j = C.JIj.CO.^Nn. This gives one 
method for preparing fatty acids from com- 
pounds containing a few^gr number of atoms of 
carbon in the molecule; Mother method depends 
upon the saponification of alkyl cyanides {v. 
tuprq^. — 2. The action of strong KOH upon al- 
kylated aceto-acetic ethers (7. v.).— 3. The dis- 
tillation of alkyl-malonio acids: XY®(CO.^H)3* 
XXGH>C0|H 4* CO^f where X andi Y may be 


alkyls nr hydrogeji. Other di-baaio acids are 
decomposed in a similar way when their solu- 
tions are mixed with un^ium nitrate solution and 
exposed to sunlight. — 5. By heating sodium alco-. 
holates with CO gas : NaOEt -»■ CO = EtCOgNa.— 

6. By reducing oxy-acids by heating with HI. — 

7. By reducing unsaturated acids by HI or so- 
dium-amalgam. • ^ 

Reactions. — 1. Dry distillation of salts of the 
alkaline earths or alkalis produces ketones: e.7. 

Ca(O.CO.Me)., = CaCOg + COMc,. 

2. Distillation of a mixture of such salts of two 
acids produces mixed ketones : 

KO.CO.Mo 4 KO.CO.Et - K.COg + Me.CO.Et. 

If one of the salts bo a formate tho product is an 
aldeliyde : 

KO.CO.Mo + KO.CO.H - K,CO, + Me.CO.H. 

3. Distillation of a salt of a fatty acid with an 
alkaline hydrate produces a hydrocarbon : 

KO.CO.Me 4 KO.H = K .COa + MclI. 

4. Distillation of tho alkaline saltsw ith AsgO, 
gives organiccompounds containing Arsenic (7.V.) 

5. Electrfd3’^sis gives saturated hydrocarbons : 

‘2C,.H,,.^,.CO Jv Kg + 2COg + 

6 . Chlorine and bromine act by substitution, 
not by addition. — 7. Distillation in a current of 
steam of the mixture of stearic, palmitic, and 
oleic acids got from fat slightly decomposes 
them, forming all acids of the series from formic 
to octoic (Caliours a. Dcmar^ay, C. R. 90, 156). 

SgniJiesis . — The acids of the acetic series 
may bo built up in tho following way: — (a) 
NaMo is converted into NaCOgMe, or soolo 
acetate, by COg (Wanklyn). — (5) Sodic acetate is 
converted into ethyl alcohol in one of three ways: 
a. It is converted by POCl., into AcgO, and this is 
reduced by sodium-amalgam {Liniiemann). — 
jS. Ammonic acetate is prepared, and is con- 
verted by DgOj into acetonitrile: N!H.4C02Me=» 
21LO -i-NCMe; tlie nitrile is then reduced by Zn 
ami J r.SO^ (Mendiiis) to an amine : NCMe + 2Hj=» 
ILN.Cilg.\Ie, which is converted by nitrous 
acid into an alcohol : H.N.ClIgMo + HNO3 ** 
lIO.Cll AIc T N.g + HgO. This last reaction is, 
however, accompanied by an intra-molecular 
change in tho case of all the amines except 
cthylamine*and mcthylamine; as a result of 
this change 7i-propylaniine gives rise to secon- 
dary as well as n-pnqnl alcohol. — 7. Tli^ sodic 
acetate is mixed w’ith sodic formate and distilled; 
tho aldelij-de thus got is reduced to alcohol by 
sodium-amulgam (Lieben a. llossi), or the oxim 
of tho aldeliydo is reduced to an amine which is 
then Ireab'd with nitrous acid. — (c) Ethyl alcohol 
so prepared can now bo turned into ethyl iodide» 
zinc ethide, and sodium ethide, successively. 

A repetition of processes (rt), (6) and (c) upoA 
NaEt w’ill produce sodic propionate, propyl 
alcohol, and .sodic projjide siuccessively, and "SQ 
we can build up the scries of fatty acids. 

Insteatl of using the sodium alkyls, it is 
more convenient to use alkyl cyanides; the 
proce.ss is then : (a) convert mcthyyilcc^oUinto 
methyl cyanide, and this, by saponmcation. Into 
acetic acid ; (6) convert acetic acW into ethyl 
alcohol by one of the three processes, a, 0, ory, 
just mentioned ; (c) cj)nvert ethyl alcohol into 
methyl cyanide, and proceed as bofme to prepare 
propionic acid, propyl alcohol The acids of 
tho acetic series may also be prepared %yntheti« 
cally with the aid of accto-acetio ether (p. qf 
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o! malonic etho^r (q. «.). In this way any acid of 
the form CHXI.CO^, where X and Y are alkyls, 
can be prepared. . « 

The descent of the acetic series may be 
effected by distilling each acid with soda-lime, 
whereby a hydrocarbon containing one atom of 
carbon less is got; this hydrocarbon is con- 
verted by chlorine into An alkyi chloride, whence 
by successive treatment with AgOAc and KOH 
an alcohol may be formed. 

The descent may also be effected by convert- 
ing the acid into an amide, mixing this with 
bromine and pouring the mixture into a 10 per 
cent, solution of NaOH. An amine, a nitrile, 
and a derivative of urea aro then formed, the 
amine and the nitrile contain one atom of 
carbon less than the amide. The amine may 
be turned into an alcohol by nitrous acid, and 
. then oxidised to an acid ; while tlio nitrile gives 
the acid on mere saponification. The amides 
containing at least 8 carbon atoms yi(‘ld large 
quantities of nitrile, while the lower amides 
produce chiefly amino (Hofmann, B. 17, 1 108). 
The descent through nitrile from ennoic to 
octoic acid may be thus represented : 

C,H„COxNH, + 31Jr, + 8NaOn = 

C,H„CN + GNaHr + Na .CO, + OTLO. 

C,H„CN + KOII + H,0 = C.H,,CO.,K + NH^. 

Melting Points. — While the boiling points of . 
the acetic series of acids gradually rise with ! 
each increment of CHo, the melting-points of 
those acids that contain an odd number of 
atoms of carbon appear to be lower than those 
of the acids that contain one atom of carbon 
less : 

caprilic [16*5®] pelargonic [12*5®] 

capric [30°] heiidccoic [28-/)°] 

lauric [43®] tridecoic (tOo^j 

myristio [63*8®] pontadecoic [51'^] 

palmitic [62®] margaric [^3’3®] 

stearic [69®] eiieudecoic [oO'O®] 

arachic [70®] mechillic (?) (72-5®] 

Isomerism among the fatty acids will be di.s- 
cussed under Classification (r. also I.so.'MKrtTSM). 

Separation of two volatile Divide the 

acid into two equal parts, neutralise one with 
potash, add the other and distil. ''The most 
volatile acid will pass over in j)roferencc to the 
other ; «and if it constitutes more than half the 
entire mixture, the distillate will consist solely 
of this acid. If, however, the lc.ss volatile acid 
be in excess, the residue will consist of its 
potassium salt in a pure stale. The operation 
is repeated upon whichever portion is still a 
mixture. Acetic acid is an exception to the , 
rule, for although it be the more volatile acid, 
it will remain behind us acid potassium acetate 
(Liebig, A. 71, 355). If the distillation be 
performed in aquedfis solution in a current of 
steam, the acid of highest molecular weight | 
goes over first (Hecht, A. 209, 319). 

Separation of fixed acids— kn alcoholic solu- 
tion flrf the r^jxture of acids is fractionally preci- 
pitated by a cone, aqueous solution of magnesium 
or barium acetate or by an alcoholic solution of 
lead acetate. In tlic series of pp.s, so got, the 
first contains the acid of higlu'st molecular 
weight and th^last the acid of lowest molecular 
Weight. jEach Traction is decomposed by boiling 
dilute II(5l and the melting-point taken. If a 
of consecutive fractions cuuiains acids of 


identical xfielting-point acid may bo CpA 
sidered ]^uro, otherwise the process must be ro 
peated upon each fraction (Heintz, J, pr, 66, 1 
il.92,295). ■ t 

Aolylio Serilb Nomenclature,’--^ 

n => 3, acrylic ; 4, crotonio ; 5, angelic ; 6, hexen- 
oic; 7, heptenoid*,’ 8, octenoic « suberonio; 
9, ennenoic ; 10, deccnoio = campholic ; 11, hen- 
dcccnoic - undecylcnio ; 12, dodecenoic ; 14, te* 
tradcccnoic; 15, pcntadcccnoio = cimicio ; 16, 
hcxttdecenoic - hypogieio ; 18, oleic octodecen- 
oic; 19, doeglic^enendcccnoio; 22, orucio and 
brassic acids. 

Occ7i)rence. — As compound ethers in fats and 
oils, e.o. oleic acid. 

Formation.— 1. From j8., and sometimes 
: from a-, bromo- or iodo- derivatives of the acetic 
' .scries by boiling with alkalis or Ag,,0 : 

I ClI.,T.CII,..CO..K + KOH~ 

I CHJiCri.COJC-i-KI (-H,0. 

i 2. From ^S-oxy-acids, by distillation : 
i C!ll,()JI.ClL.COJI = H,0 + CH,:Crr.CO»H. 

3. From eeiiaiii i9-oxy-ethers by rClj ; 

3f;Ho,.OH.CO.,Et-[-2PCl,= 
.3CMe„Cl.CO.,Et ■+ -h 31101 

CMe.,01.CfVEt - Cll,:CMo.CO,Et 4- HCl 
(FrankUind a. l5upi)a, C. J. [2] 3, 1*33). Similarly 
Me.,(J(OII).CH,.CO,Et gives McXkCH.CO.Et.— 

4. .From derivatives of acelo-acctic or malonio 
etliers containing allyl, ethylene, &c. — 5. Dy 
rerkin’s reaction, by heating aldehydes, C„H 2 „ 0 , 
with sodic acetate and Ac./) (e. Ali»eiiyi)E8). 

Propcitics . — As in the acetic series, the lower 
mcmher.s of tlio acrylic series arc volatile liquids 
miscible with water. Solubility and specilio 
gravity diminish as molecular weight and boiling 
point increase. The liigher mombera are non- 
volatile and insoluble in wu^tcr. • 

Bcnctkms.-\. Tlie acids of this scries con- 
I tain the group C:C and consequently combine 
j directly Avith bromine nnd chlorine, usually with 
! JlJlr or HI in cone, solution, and ficquently with 
n.„ the latter couibipatioii is effecled cither by 
a(!li()iiof sodium amalgam on a solution in water 
, or alcohol or by healing with cone. HI. — 2. 

■ Fusion with potash produces two acids, one of 
Avhich is almost always acetic acid. The mole- 
cular formula is split up in the middle of t)’0 
group C:C, c.g. : 

CITVcH:CIT.CO.,H -f 2KOn =- 
! ClI,CO.,K - lI.EH.COHv i IT... 

3. Foiled dilute with H..SO,, they often change 
into the lactone of saturated oxv-acids: thug 
hydro-sorbic acid, CH,.ClI;CH.cil.,.CH;^.C 02 H, 
changes into oxy-hexo-laclone, 

CU3.CH,,.CII.CH,.Cn,,.C0.0 

I I 

4. Many of the higher mciiifcers are poly- 
merised by nitrous acid. 

Series Nomenclature.— a- Z. Pro* 

j*iolic; 4,tetroMc; 5,})cntinoic; 6, hexinoic = sorbiof 
7, he)»tinoic- boii/oleic ; 8, octinoic = di-allyi- 
acetic; 9, lauronolic^cnninoic; 10, camphio* 
decinoic ; 11, }icridg^iuoic = undecolio ; 14 , 

myristolic -tetradecinoic ; 15, pontadocinoio j 
16, i)almilolic-hexadccinoic ; 17, elreomar- 
garic = hcptadecijioic ; 18, stearolic = octtfdeoi* 
noic ; 22, belmnolic. 

Formation. - Fromdi-brominated (ordi-chlof- 
in&led) acid^ of the acetic series, or mono* 
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brominated aeida of ^be acrylic series by treat- 
ment with alcoholic KOH. 

' i?eac/ion5.-— Combine with Br^ or with Br^, 
also with HBrbr 2HBr, and wi|^ H, an^somo- 
times with H4, 

Lactic Series n* 

2, Glycollio; 3, lactic and hydracrylic; 4, 
oxybutyrio ; 5, oxy- valeric ; 6, oxy-hcxoic <fec.-— 
being prefixed to the names used in the 
acetic series. 

Formation.— By the general methods: 
thus (7) by saponification of oxy-nitriles, (8) by 
oxidation of glycols.— 2. From bromo-, chloro- 
or iodo- derivatives of the acetic series by dis- 
placing the halogen by hydroxyl : (a) by boiling 
with much water, (6) by moist Agp, or (c) by 
EOHAq. — 3. From amido-acids by nitrous acid. 
4. From aldehydes or ketones by addition of 
HCN followed by saponification of the resulting 
cyanhydrin by HCl : 

CH3.CHO + HCN = CHs.CII(OH).CN 
CH3.Cri(OH).CN + HCl + 2H,0 = 
CH,.CH(On).CO,H + NH4CI. 

6. By oxidation of acids containing methcnyl ; 

, (Cll3)3CH.CO,H + 0 = (CH,),C(0II).C02H. 

6. By action of zinc alkyls on oxalic ethers : 

CO.^.t.CO,Kt + 2 ZnEt, = 
CO,Et.CEt,.OZnEt + EtZnOEt, 
CO,Et.CEt,..OZnEt + 2H2O - 
C 03 Et.CEt,. 0 TI + Zn(OH)2 h CM,. 

7. By reduction of ketonic acids. 

iteactiems.— The action of PCI5 and of Na, and 

the characters of the resulting compounds have 
been discussed above. The oxy-acids act as half 
alcohol and half acid. Thus they form two kinds of 
monoethylic ethers, oneof tlioformIV'(OTI).C02Et, 
the otli^r of the form Il"(OEt).COoH. Tlie 
ethers R"(OH).CO.jEt possess all the characters 
of an ethyl salt of* an acid. Thus they may be 
prepared in the usual way from the acid, 
alcohol, and HCl ; they may be saponified easily 
by alkalis ; they are converted by ammonia 
into amides ll"(OH).CONIl2 ; they are neutral 
to litmus. The ethers of the form lt"(0Et).C02H 
can be prepared by saponifying the dicthylic 
ethers B"(0Et).C02Et and these are got from 
E^ChCOjEt by action of NaOEt. The others 
E"(0Et).C02H cannot be saponified by alkalis ; 
are only converted into ammonium salts, 
E"(0Et).C02NH4, by ammonia ; and are acid 
to litmus. 

o-oxy-acids are split up by boiling cone. HCl 
Into formic acid and aldehydes : 

CHs.CH(OH).CO,H - CH3.CTIO + IICO^H. 
/3-oxy-acids boiled with cone. HCl give II^O and 
an acid of the acrylic series : 

CH2OH.CH2.CO2H = CH 2 :CH.C 0 ..H + n/). 
•y-oxy-acids spltti* up, when their solution is 
warmed, into water and lactones {q. v.). 
CHs.CH(OH).CH..CH..CO « 
CH3.CH.C1L.C1I.,C0‘.0 +1I20 

I t 

On dry distillation, «he oj^xy-acids of the form 
B'.CH(0H).C02n producelactiiles, or compound 

ethers of the form R'.CII<^q CII.E'. The 

;3 oxy-acids aro converted by dry distillation 
into unsaturated acids : • 

R'.CH(0H).CH2.C02H = E'.CH:CH.CO,H + H,0, 
or into an aldehyde and an acid : 


CH,.OH(OH).OBR'.OOaH = 

CH..OHO.^HCRB'.002H. 

Ketonio aeids,^ Carboxylic acids represented 
by formula^ in which carbonyl is united to two 
atoms of carbon. The preparation and pro- 
perties of the ketonio acids got by displacing one 
or two atoms of hydrogen in aceto-ocetio acid by 
hydrocarbon radicles are described under Aceto- 
ACETic ACID. Homologues of aceto acetic acid in 
which carbonyl and carboxyl aro not both united 
to the same atom of carbon are described 
as alkoyl-derivativcs of fatty acids; thus, 
CH3.CIL.CO.CH2.CH2.CO2II is (iesciibed as Piio- 

PIONYL-PICOMONIC ACID. 

Ketonic acids containing two carboxyls are 
described as derivatives of di- basic acids, thus 
CIl3.C0.CH(C0,H).CIL.C0..H is described as 
acctyl-fiuccinic acid. 

Ketonic acids of tlie form K'CO.COaH can be 
prepared from cyanides of tho form E'.CO.CN, 
and also, in the aromatic series, by the action of 
IIgPh2 Ac., on ClCO.CO^Et. 

Di-basic acids, CJLn-.O,. 

Formation. — 1. liy oxidation of the corre- 
sponding glycols. — 2. By boiling the cyanides of 
alkylenes with potash. Alkyliflene cyanides do 
not exist (Claus). - 3. By sapojiification of cyano- 
acids, Cnllin-iCyO..— 4. By reduction of un- 
saturated di-basic acids.- -6. By action of 
reduced silver upon iodo-acids [e.g. formation of 
adipic from iodo-propionic acid).— 6. By oxida- 
tion of fats, fatty acids, ketonic acids, unsatu- 
rated acids and many otlier bodies. — 7. By 
reducing polyhydric di-carboxylic acids by HI, 
e.g. tartaric aci<l to succinic.— 8. From aceto- 
aoetio ethers by acting with NaOEt and the 
! ethyl salt of a chloro- or bromo-acid, and sapo- 
nifying the product with cone. KOH {v. Acetyl- 
su(’i;iNic ETriEu),— 9. From sodio-malonic ether 
and alkyl iodides : 

CHNa.(CO,Et),. f IE = CHR(C02Et)3 + Nal. 

The product still contains hydrogen dis- 
placeable by sodium: CHll(C02Et)2 + Na =» 
(.■NaU(CO.Kt)2 + H whence alkyl iodides form 
di-alkylated malonic other : 

CNall(0€..Et)2 + E'l = CirR(C0.2Et)2 + Nal 
(u. Malonic acid). 

rro2?crties.—So\id and not volatile# Fre- 
quently produce anhydrides when heated. 
Malonic acid and it-.5 derivatives arc split up by 
heat into CO.^ and acids of the acetic series. In 
the oxalic series the acids containing an even 
number of carbon atoms in the molecule have 
higher melting-points, and lower solubility in 
water than the acids with an uneven number of 
carbon atoms (Bacycr, B. 10, 1286 ; Henry, C.B* 
99, 1157 ; 100, 60). 

For the characters of 4he homologues of 
benzoic and salicylic acids sec Aromatic Series. 
See also amido-, bromo-, chloro*, iodo- and 
nitro-acids, and sulpuonio acids. 

AGONIC ACID , • 

C,H,0, i.e. CO,n.CH.,.C<^j^O 

M. w. 128. [163°-1G4°]. S. 17*8 at 15°. Formed by 
boiling itadibromopyrotartaric acid with a caus- 
ptio alkali, C3H,Br..04 = 2HBr + Cil^O, (Kekuld, 
A. Stippl 1, 338), or with water (lO'pts.) (Beer, A. 
216, 92). In like manner from bromoitaconic acid, 
OABrO^ (Swarts, J. 1873, 584). To prepai-e it, 
a solution of itadibromopyrotartaric acid neuM* 
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with soda is heated to the boiling point, 
then grMually mixed with more aoda tiU it con- 
tains 3 mol. NaOH to 1 i&ol. of the acid. On 
evaporating the solution, sodium aconate crya- 
talhses out and aconio acid may bo obtained 
from it by decotriiiosition with sulphuric acid 
and agitation with ether ^Meillyfi4. 171, 158). 

Separates from water in rhombic crystals ; 
from ether in elongated lamina* (IM.). 

B$.TCtions. — 1. Decomposed slowly by boiling 
water, forming a brown syrup.— 2. Does not 
combine with bromine.— 3. Unites with HCland 
HBr forming cbloro- and bromo-itaconic acids 
(Swarts). — 4. Deduced by Sn or Zn to itaconic 
acid. — 5* Boiling baryta prodnoes formic, suc- 
cinic and oxy-itaconic acids : 

+ 2TI .0 = CH..a. + C,TT,0, and 

Salts. — BaA'oi v. sol. water, ppd.by alcohol; 
crystallises from hot alcohol in siiining prisms; 
gives off 2.i aq. at 150°. — CuA'.4aq : bine prisms. 
— AgA': sparingly soluble laiuime. NaA'3aq : 
etllorescent ti'ielinic crv.''ta!s: a: b : c = 
•5.38 : 1 : -GtlO ; a -10:W, 27', 7 =* 

84° 49'. Got by boiling ita-di-bromo-pyrotart.aric 
acid with tlic calculated quantity of aqueous 
Na^jCOj. It Is decomi^osed by long boiling witli 
water (B.). — ZuA'.Saq : largo siiining crystals, 
melting below 100° in their wat< r of crystallisa- 
tion. 

Methyl Ether. Mt‘A' [83°J. From AgA' and 
Mel. Long thin prisms, v. sol. ether, in. sol. 
alcohol, si. sol. \vater. H. W. j 

ACONITANILIC ACID v. Aniline. I 

ACONITE ALKALOIDS. — 1. Aconitine.' 
Ca.jn|3NO,;,.[183° cor.]. S. •13;S (honzonoor chlo- ! 
reform) 18 ; S. (other) 1*50 ; 8. (alcohol) 27 ; S. 
(petroleum) *030 (J urgons, Ar. Eh. ‘24, 127). I 

Occwrence. -lw the root of inonh’s-hood, ! 
Aconitum Naprllm (Geiger a. Hesse, A. 7, 2'/t) ; 
Planta, A. 74, 257). : 

Preparation .— ground root is exhausted 
with alcohol containing tartaric acid ; the con- 1 
centrated extract, after exposure to the air in i 
shallow dishes to remove the last tr^^ces of alco- 
hol, is mixed with water ; the aqueous solution ! 
is filtered to separate resin, the last portions I 
of whith are removed by agitation with light | 
petroleum, and then precipitated with potassium ■ 
carbonate ; the precipitate, consisting chiefly of ! 
aconitine, is dissolved in ether, which leaves j 
behind a small quantity of humous substance; i 
the solution is mixed with aqueous tartaric acid | 
and precipitated with sodium carbonate ; the 
precipitate is dissolved in ether ; and the etheric 
solution loft to evaporate. The residue consists 
of nearly pure acorytine, which may bo further 
purified by converting it into liydrobroinide, 
decomposing this salt, after recrystallisation, 
with sodium carbonate, and finally rccrystallising 
thenrecipitatc from ether (Duqucsnel, C.R, 73. 
207; WHgffc, C. J. 31, 150). 

Properties . — Crystallises in rhombic or hexa- 
gonal plates. Soluble in alcohol, ether, benzene, 
very soluble in chloroform, insolulile in light 
petroleum. .Uxtremely poisonous ; the minutest 
particles, inli%lcd or blown into the eye produce 
excessiwB irritation (W., C. J. 31, 154; Wright 
a.Lufi, 0. /. 33, .325). ^Ltevogyrate (D.). 
^mBcactwnt , — Slightly alkaline ; forms well- 


Otystallised fttlts, Bs^olved by heating 
aloOhplio KOH into benzoic acid and aconina t 

partly also in the^ame manner by dilute mineral 
acids, 9ht another portion is at the same time 
resolved into water ^,d apoaoonitine. Acetic 
and benzoic anhydrides convert it into acetyl 
and bonzoyl-apoaconitine (W. a. L.). The 
hydrobromitle forms crystals containing 
C.,.,ll, 3 NO,.,HBr, 2 lHoO ; the hydrochloride 
101,3112(5, forms with auric chloride 
the salt C;, 2 H,;,NO, 2 ,nCl,Au Cl;„ which separates 
ill pale yidlow amorphous flakes very slightly 
soluble in water (W.). 

.4 p 0 0 i „ N 0 , , . [1 8G°J . — Formed, 

together with benzoic acid and acoiiine, by pro- 
longed boiling of aconitine with sulphuric acid 
(.5 p.c.) or with a saturated solution of tartaric 
acid. The benzoic acid which separates is dis- 
solved out by ether and the apoaconitine is pre- 
cipitated by sodium carbonate, while the aconine 
remains dissolved. Crystals soluble in ether. 
As poisonous as aconitine. The hydrobromide 
I a,..H„NO,„HBr.2ULO is crystalline (W. a. L.). 

Acelyl-apoaconitinc C33H,oAcNO,,.[181°]. 
Soluble in other, separates therefrom in small r 
crystals. Dissolves easily in acids, forming amor- 
phous salts (W. a. L.). Ben^oylajpaconitine 
C,„H,,NO ,2 = C 33 H,„BzO,,, obtained by heating 
aconitine or nconine with Bz^O, is indistinctly 
crystalline, softens at about 130°, fomis amor- 
phous salts. Nitrate nearly insoluble (W. a. L.). 

Aconine C._,,.JI.,.,NO,, [130°]. Formed, to- 
gether with benzoic acid, by the action of aqueous 
alkalis, or more completely by that of alcoholic 
NaOTI, on aconitine (v. snp.). V. sol. water, 
alcohol, alkalis and chloroform, insol. ether. 
Amorphous. Deduces gold and silver j^alts at 
ord. temp., Fchling’s solution when heated. 

NrtH5.-3C2,H3,NO,„2HCl and B',ILSO, 
are amorphous and probably only mixtures. 
B'HCIAuCl;, is a yellow lloceulent pp. B'HIHgl, 
is a white floccnlcnt pp. (W. a. L.). 

Apoaconine, C 2 ,jH.ftNO,„ is formed by heating 
the hydrochloride of aconine at 140°. 
C 2 ,in.,jNO,JTCl is amorphous, soluble in water, 
precipitated by alkalis. 

2. Picroaconitine C.^Hi^Nio.— Found by 
T. B. Groves in a commercial aconite root, sup- 
posed to bo that of A. Najwllus. Amorphous 
varnish, having a bitter taste, but not producing 
any prickly sensation on the tongue. Not 
poisonous. Does not molt at 100°. SalU 
crystallise well. The hydrochloride containa 
C3,H,,NO,JICl,pi20. The gold salt B'lIClAuCl,, 
is a canary-yellow amorphous precipitate very 
slightly soluble in water (W.). 

Picroaconinc C 2 ,n„NOy. Formed, to- 
gether with benzoic acid, by action of alco- 
holic KOH on picroaconitine. Closely resemblea ‘ 
aconine. Forms C 24 H„NO„HIHgl 2 (W. a. L.), 

3. P8eud^conitiueC3jl4„NO,2[104°-105°]. 
The chief basic constituent of the root of Aconi- 
tum ferox, from which it is obtained by exhaust- 
ing with alcohol anc>Eulphurio acid (0*06 p.o. 
of the weight of the alcohol), or with methylated 
spirit (040 c.c.) containing a little HClAq(l 0.0r), 
leaving the alcohol to evaporate, precipitating 
the remaking solution with afnmonia, dissolv- 
ing the precipitate in ether, and evaporating, 
The crystals which separate are ponfied 





M^tolllwticm lro2« « mSxtnro of ether and 
tight petroleum, or hy means of the nitrate. 

Pr<ipeft^,—M:pre soluble in alcohol and ether 
than aconitine ; crystallises in transparent 
needles and sandy crystals; renmins syru^ after 
rapid evaporation. The air-dried base contains 
1 mol. HjjO, given off at 8(r in a stream of air, 
more quickly at 100° ; decomposes, with separa- 
tion of water at 130°-.140°. Decomposed by 
alcoholic soda at 100° into pseadaconine and 
veratric acid ; 

4 H,0 - C,,H,,NO0 + 

at 140° into veratric acid and apopseudaconine, 
CjjjHjBNOg. By mineral acids it is resolved into 
water and apopseuduconitine ; with acetic acid 
it forms acetylapopseudaconitine. Salts mostly 
amorphous; nitrate Ca«H<flNO,aNOaII.SH.p, 
crystalline. B'HClAuCls crystallises from alcohol 
in small needles, slightly soluble in cold alcohol. 
B'HIHgL is an amorphous flocculent pp. (W. a. L.) 

Apopsetidaconitine CauH^^NO,, [103°]. 
Formed, together with psoudaconine and veratric 
acid, by heating pseudacouitino with dilute 
mineral acids, or with veratric acid alone when I 
psoudaconitine is heated at 100° with a saturated | 
aqueous solution of tartaric acid. Crystallises ■ 
from ether in the same forms as pseudaconitiiic. ! 
The nitrate is crystalline. The aurochloride 
CjJI^NOnHClAuCla crystallises from alcohol in 
small needles (Wright a. Luff). 

Acetyl-apopsemlacmitme C;„.n,„AcNO,,aq. 
Formed by heating pseudaconitinc at 100° with | 
acetic anhydride or glacial acetic acid, and ' 
separated by agitation with ether. Crystalline, i 
Nitrate and aurochloride crystalline. Bcmoyl- \ 
apopseudaconitine C;,„lI„.BzNO,,aq. IndistincUy ' 
crystalline. Nitrate and aurochloride crystallise, 
the latter from alcohol in anhydrous rosettes 
(W. a. K). • 

Pseudaconine. C.^;H„NO„ [100°]. 
Formed, together with veratric acid, by lir'ating 
psoudaconitine with dilute mineral acids, or 
better with alcoholic soda. Light yellow varnish, 
moderately soluble in watci* forming a strongly 
alkaline bitter solution, which, however, does 
not produce any prickly sensation on the tongue. 
Soluble in ether. Forms amorphous salts. 11.;- 
duces silver solution and nlkali?ie copper solution 
when heated. — C.j,n„NO„HlHgIa is a white 
amorphous precipitate (W. a. L.j. 

Apopseudaconine CvJI.,.jNO„. Fornied, to- 
gether with veratric acid, by heating pseud 
aconitine with alcoholic soda at 110\ Closely 
resembles pseudaconine. -C.^,H 3 .Ac..NO., is an 
amorphous varnish melting below 100°, spar- 
ingly soluble in water. Salts amorphous. 
Os^HgjBZjNO, is nearly insoluble in water (W. 
a. L.). 

4, J a p a 0 0 slit i n a. . In the root 

'Of Aconitum Japonienm. Prepared by c.\haust- 
ing the root with alcohol containing 1 p.c. 
tartario acid, concentrating the Extract when 
adding water, and repeatedly agitating the 
filtered liquid with ether to remove resinous 
constituents ; precipitating the alkaloids with 
■odium carbonate ; agitating it with ether ; dis- 
Bolving it in aqueous tartaric acid; again 
precipitating it with Na.^CO.„ and dissolving in 
ether. The resulting solution when left to 
..jliTaporate deposited crystals which alter being 
. kpm adhering syrup, were r^-crystallised 


from^ ether, and aft^ repeated fractional crystal- 
lisation gave by analysis numbers agreeing with 
the formula confiimed by the 

analysis of the gold-salt. The %ydrobromide 
OguH,, 8 N 302 i 2HBr 5ILO, and the nitrate 
crystallise well (Wright a. Luff, C. J. 35, 387). 

Japaconine^ C.^Jl^NO,j„ is obtained, to- 
gether with ber zoic acid; by heating japaconitine 
with alcoholic potash; Ci^jHpgNgOa, + 3H.p'= 
2 C,H ^03 + 2C..,JIj,NO|o. Yellowish varnish, 
easily solnblo in ether, alcohol, and chloroform ; 
insoluble in water. Forms a mcrcuriodide 
c,,H.,K(),„inngL. 

Jupacouitiiie and japacouine heated with 
benzoic anhydride yield tlu; same pioduct, viz, 
CaH;,sN 07 (()CjH.O)„ which is tloccnlont, dis- 
solves in ether, and does not crystallise. Salts 
non-crystalline, nitrate very sparingly soluble in 
water (W. a. L.). 

5. Lycaconitine C,.Jl;,,N.O,i2aq. A non-crys- 
tallisable alkaloid obtained fiorn wolf’s bane, 
aconiium lycudimmn (Dragondorff a. Spolin, 
J. Ph. [o] 10, 301; a. J. 18, 403). If heated 
with water under pressuio it is converted into 
crystalline lycoclon ic acid, CuIIj^N^O;, and 
two alkaloids, I ycaco u iii e and acolyctino. 

C. Myoctoniiie, Is an nmor- 

plious alkaloid also prescjit in A. lycoctomim, 

H. W. 

ACONITIC ACID CJT„0, i.e. CgH.fCO JI), or 
CO,lT.ClL.C(CO,H) : CH.COJI [180°-187°] 
S. ib'O at 13°. S. (80 p.c. alcohol) 50 at 12°. 
Eqnisetic acid, citridic acid. Occurs as calcium 
salt ill the roots and halves of monk’s-hood 
{Acoiiituin NapeUus) and other aconites, in the 
herb of Dclphinuim Coia.olida collected after 
tlowering (Wieke, A. 00, !i.S) ; in the horse-tail 
{K(ptiiscl!(tn jlnria(ili-) (Paup, A. 77,203); in 
millefoi! (Zanon, A. 58, 21; llhisiwctz, 0, pr. 
72,420); in the juice of the sugar-cane (Behr, 
Ji. 10, 351), and in lliat of sugar-beet (0. v. 
Lippinann, B. 12, 10 10) ; as calcium and potas- 
sium salt in the loaves of Adonis vernalis 
(Linderos, .4. 182, 305). 

Formation. — 1. By tlie action of heat on 
citric acid, or by prolonged l.ioiling of that acid 
with hydrocTiIoric acid : CJLO, - H,,0 = C„H,0, 
\Bcssjiign(‘S, C. Ti, <12, 401); more quickly by 
. hcaliii;' citric aeiil with 1101 in a sealed fUbe at 
I 130°-110° illergt, J.pr. [2] S, 372), or by boiling 
j it with HBr (iMercadanf(', C. 7, 2J8). — 2. In 
i small quant ily, together with citracouic.acid, by 
j heating citric acid with III in a sealed tube 
i (Ivammcrcr. A. 130, 200). 

Prcparatinu.-'QiinQ acid, in portions of 
100 grams eacli, is lieatcd in small flasks pro* 
vided with bent distillation-tubes i\ met. long, 
till the wliolc tube is lined with smafl oily drops, 
and tlie residue is heated o»? a water bath with 
15 g. water till it solidities to a crystalline mass. 
On pulverising this mass and treating it W'ith 
pure ether, aeouitic acid dissolves and ciirio 
! acid is left behind (I’awolleck, A.^ll&, ^^0), 
i Huniius {B. 0, 1751) heats citric j^id at 140° 
for a day in a stream of ilCl-gas, dissolves the 
product in a small quantity of water, evaporates, 
and treats the rtsidee by Pawol lock’s method, 
f Pro}yertifis and /.’enc/mc.v. -Crystallises in 
small four-sided plates, melting at 1^7° and 
resolved at the same time into COj and itaconio 
acid C^lIgO^; also whoa heated with wateiyit 
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. -^* 08, 94). Disflolvea easily in 

abswate ether, whereby i| is distinguished from 
sitnc add. Converted by sodium-amalgam into 
tricarballylio acid C„H«Oe (Hlasiwetz, J. 
1864, 896); Unites with fuming HBr, at 100®, 
forming bromocitrio acid CaHjBrO,, and with 
hypochlorous acid, forming chforocitrio acid 
C*H,C10,. The calcium salt fermented with 
cheese yields succinic acid (Dessaignes, (7. E. 
81, 432). 

Salts. The acid is tribasic. The NH^, K, 
Na, Mg and^ Zn salts dissolve readily in water, 
the rest are insoluble or only sparingly soluble. 
The soluble aconitates form, with lead and silver 
solutions, white docculent precipitates (distinc- 
tion from fumaric and maleic acids). 

(NHJHjA'" : nodules or laminin. S. 15*4 at I 
16®.~-(NHJ.HA"'.— K3A'"2aq. S. 9 at 15° 

(Baup, A. 77, 299). Slender, silky, very deli- 
quescent needles; lose aq at 100° and aq at 
190® (Guinochet, C. E. 04, 455). -K, HA"' 2aq. 
S. 37*7 at 16° : small prisms (G.). — Kil2A"'. S. 11 
at 17® ; minute elongated prisms.- Na., A'" 2aq: 
retains its water in a current of air at 60° but 
gives it up at 15° in vacuo.— A"' 2aq: v. 
sol. water; solution is alkaline.— CaHA"'aq : 
gummy; v. sol. water.— Ca^ A'". 3aq: gummy; 

V. sol. cold water, but at 80°-100° this solution 
deposits rhombic prisms, si. sol. cold water. 
The latter gradually dissolve, changing to the 
gummy variety.— CajA'^j 6aq. S. 1-01 at 15° (B.).— 
Sr,A'"3 8aq. S. *625 at 16° (G.). Ppd. on boiling 
the solution.— BaH,A"'2 ; prisms. S. 4*2 at 17° 
(0.).— Ba^A"', 3aq : gelatinous pp. got by adding 
BaClj to aconitic acid or a solution of an aconi- 
tate.— MgjA'". 3aq. S. 10-4 at 17°. Elongated 
octahedra (G.).— COaA'^aaq. S. 3*5 at 16°. Pink 
powder.— Ni,A"'2aq. Pp. changed by long boil- 
ing to Ni,A% 6aq.— Cd^A^'a 6aq. S. *113 at 17°. 
Prisms.— ZosA'^^Saq : insoluble in water — 
Pb,A'"2 3aq{?) : flocculent precipitate (Buchner). 

— Pb3A"'22Pb02H.20 : obtained by prolonged 
boiling of the NH^-salt with basic lead acetate 
(Otto, A. 127, 180).— Mn3A"'2 12aq : small 
rose-coloured octahedra, slightly soluble in 
water (Baup).— AgjA'" prepared by ad-Jing AgNO^ 
to the normal ammonium salt, is a thick 
flocoolcnt precipitate, becoming crystalline on 
drying ; slightly soluble in water. 

A solution of aconitic acid mixed with ferric 
chloride is precipitated by ammonia, but the 
presence of citric acid even in small quantity 
prevents the precipitation {J3n. 1, 648). 

Ethers. — The etliers of aconitic acid are 
formed by heating the acetyl derivatives of the 
corresponding citric ethers, C3H.,(OAc)(CO.,ll).„ 


Iio-aoonitlo eihM^ 

COiEt.OH;CH.OH(CO;Bt),(?)f248^)S.afJl*06d«^ 
A product of the action of Inn HGl upon di-oar^ 
boxy-gjutaconio(pther (g. v.). ^ oil ; s6l. alco ' 
hoi or ether (Conrad a. Guthzeit, A. 222, 265). ^ 
Fseudo-aconiticiSicid 
C02H.CH2.CH(C02H).C".C02H [217®] 
Formed at 180° from propylene tetra-carboxylio 
acid (q. v.), obtained from bromo-maleic ether 
and sodium malonio ether (Schacherl, A. 229, 95). 

Ba3A'"„aq. H. W. 

ACOBIK 03BHg„O„. A glucoside extracted from 
the common reed {Acorns calamus). Sol. alcohol 
or ether; ppd. by benzene from its ethereal 
solution (A. Faust, Bl. [2J 9, 392 ; Thoms, Ar, 
Ph. [31 24, 465). 

ACBALDEHTDE v. Acrolkix. 

ACRIDINE C.-JIyN i.e. 

Cil ClI CH 


HC' 


at 260 -280®, acetic acid being split oil ; yield 
76 p.c. of the theotetical (Anschutz a. Klinge- 
mann, B. 18, 1963). 

Me^A'" (271°) (Humeus, D. 9, 1750) ; (161°) 
at 14 mm. (A. a. K.) From aconitic acid, MeOII, 
and^a* (1^). 

EtjA'" (276®) (Mercadante, G. 1, 2 48); (252°) at 
960 mm. (C8nen, B. 12, 1655) ; (171°) nt 14 mm. 
(A. a. K.). S.G. 1-1064 (C.) ; 1074 (Crasso, 

A. 34, 69). From tetra-ethyl citrate and PCl^at 
100° (Conen)k 

Pr,A''' (196®) at 13 mm. (A. a. K.) 
Di-anilids.\2Vl°]. Yellow needles; formed 
byJ)oiling aqueous aniline aconitato (Michael, 

B. T9, 1874). 


CH N CH 
M. w. 179. [106°] (Bernthsen) ; [111°] (Fischet 
a. Kbrner). V. 1). 6-10 (Graebe, B. 5, 15). 

Occurrence. — In coal tar (Graebe a. Caro, 
A. 158, 265). The portion that boils between 
300" and 360° is extracted with H^SO^i and 
the extract ppd. by K.Cr..O,. 

Formation. — 1. By heating formyl-diphcnyl- 
amiiio (23 g.) with ZnCh (45 g.) nt 190°-220° : 

H.C0.N(0,H,);=C,3H3Nh-H30. 

2. From crystallised oxalic acid, diphenyl- 
amiuc, and ZnCloat 120° -200°.— 3. From chlo- 
roform, diphcnylarninc, a^id ZnCl^ dl' AICl,. 
In this way 2 g. of acridino can be got from 
25 g. diphcnylanhne. It is better to heat chloro- 
form (1 pt.) with diplienylamine (1 pt.), ZnCl, 
(1 pt.), and ZnO pt.), for 8 hrs. at 200° (Fischer 
a. Korner, B. 17, lOH. (C,H,),NH + CCI3H + ZnO 
= CjjHoNjHCl + ZnGl.^ + H.^6. — 4. By passing 
phenyl-o-toluidine through a red hot tube 
(Graebe, B. 17, 1370).— 5. In small quantity 
(5 p.c.) by heating aniline and ZnCl.^ with 0- 
or j)' oxy-benzoic aldehyde or even with benzoic 
aldehyde (Mbhlau, J3. 19, 2451). 

Preparation. — Heat formic acid (50 g. of 
S.G. 1-22) with diphonylamino (175 g.) and 
ZnCl.j (100 g.) gradually from 150° to 270°, avoid- 
ing evolution of CO. Di.ssolvo the product in 
alcohol, and pour into aqueous NaOII. Acridine 
and diphenylaininn are in the alcoholic layer; 
evaporate tliis, and dis-solve the residue in 
ether; sliako the ether with dilute hydrochloric 
acid. The acridine is then injiie acid solution. 
The yield is small (IJerntlisen, A. 224, 3). 

Properties.— needles (from much water) 
or prisms, a’.%h: c — *656 : 1 : *335. Pungent odour 
and burning taste. The base and its hydro- 
chlorido attack the tongue even when in minute 
quantities. Volatile mth steam. Very slightly 
soluble in water. Ihlute solutions exhibit a 
characteristic greenish-blue fluorescence. 

Nalfs.— (Berntlisen, A. 224, 3 ; B. 16, 1802 
Graebe, B. 16, 2828; Medicus, B. 17, 196.)— 
B'HCl : yifllow plates, soluble in water impart- 
ing a bluish-green fluorescence.— B' 3 H 3 ptCl, 1 
i^aringly soluble minute yellow needles*-* 
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y^O,8»5rtl51T#y^U<>t byadakg 
loaium nitnte to a sbhtioh pi ah aoridihe salt. 
fjon^ yellow silky leedles ; sL sol. ether or cold 
fwater, m.sol. hftt water, y.e. soL alcohol; some- 
what volatile with steam.— B^IaSO, : fermed 
by adding aqueous SOj to^ solution of the 
hydrochloride. Yellowish-red needles, v. si. sol. 
water.— B'HNaSOj : got by mixing solutions of 
sodium sulphite and acridine hydrochloride.* 
Colourless, easily soluble, prisms. 

Pier a te. C,aH„NC«H,(N 0 ,) 30 H. Minute 
yellow prismatic needles. Melts at a high tem- 
perature. V. si. sol. cold alcohol, cold water or 
cold benzene. Boiling water partially decom- 
poses it (Anschutz, B. 17, 438). 

Acridine forms no carbonate. 

Iteactions. — 1. HgCL give's a yellow crystal- 
line pp. (C, 3 H„N,HCl).ligCl 3 .- 2. K.,Cr.A gives 
a yellow pp. CigHnNHoCrO^.— ,3. I dissolved in 
KIAq gives a brownish pp. (C, 3 HbNIIT} 2 L. — 
4. Bedveed in alcoholic solution by sodium 
amalgam to hydro-acridine which is soluble in 
alcohol ; at the same time a white powder in- 
soluble in alcohol is formed. Uydro-acridine, 

is not a base. It forms 

prisms, [169°], si. sol. cold alcohol, v. sol. hot 
alcohol or ether, insol. water. ,Sol. cone. ILSO, 
and reppd. by water, unaltered. It is oxidised 
by Ag-^O or CvO^ back to acridine.— 5. KMnO^ 
oxidises acridine to a quinoline di-carboxylio 
acid (acridinic acid) (Qraebo a. Caro, B, 1.3, 99). 

Octo-hydro-acridine (acridine-oclo-hydridc) 
C, 3 H,.,N [84°]. (320°). Colourless plates or tables. 

Formed by heating acridine or hydroacridine 
with HI and P at 220°. — B',HC1 : colourless 
tables, soluble in hot water, sparingly in cold 
(Graebe,^. 16, 2831)^ 

ACEIDINES.— Compounds having the general 
formula 

/ I \C,H,. 

\n/ 

They are characterised by basic properties, 
fluorescence in dilute solmions, capability of 
directly uniting witn Mel, and of forming 
neutral dihydrides which may readily be re- 
converted into the original base. v. Butyl- 
lORIDINE, METinL-ACKIDINE, und PillSNYIj-AClU 
MNE. See also AMIDO-iniENYL-ACnTDINP, OxY- 
VHENTL-ACTUniNE, AMIDO-nYDRO-ACUlDlNE KETONE, 

ACRIDINIC ACID v. {Fy. 2:3)-QuiNOLiNE-m- 
CABBOXYLIO ACID. 

ACRIDYL’BENZOIC ACID v. PiiKNYL-Acni- 
DiNB Carboxylic Acid. 

AGROLACTIC ACID 

0 ,H, 03 ,i.e.CH 0 .CH 2 .C 02 H or CH(On):CTT.CO..H. 
Formed by boiling ethyl /S-chloro-acrylate 
CHOI : CH.CO.^Et, with baryta water (Pinner, B. 
7, 250 ; A. 179,^). The acid is a thick syrup. 
Its silver salt, AgA', blackens quickly on exposure 
to light, and is m. sol. water. 

ACROLEIN 0,11,0, i.€, CH.,:CH.CHO. Acrylic 
aldehyde^ AcraUlehydc. Mol. w. 56. (52*4°). 

V.D. 1*897. S. 2*5. *841 ; ; 

Boo 26*81 (Briihl). 

Formation. — 1. By oxidation of allyl alcohol 
CH 2 ;CH.CH 30 H, with platinum-black or chromic 
acid fbixture. — 2. By dehydration of glycerin, 
CiH^Oj,, and therefore in the destructive distil- 
lation of fats.— 3. By distillatioi^ of acetone 
dibromido ; OjH^OBra « 2HBr + CgH^O.— 4. From 


di-iodaoetone and lilvar oyanlda (M. Simnaon. 
iT. w. 109, 880).— 5. By exploding ethylene with 
a large excess of olygen, the carbon being 
partly oxidised to CO, which with the ethylene 
forms acraldehyde, OaH^ + CO-OjH^O. This 
effect, however, is produced only by nascent, not 
by ready-formedeCO iE. v. Meyer, J. pr. [21 

10,118). J I ^ 

Prepamfion.— Anhydrous glycerin (1 pt.) Is 
distilled with KHSO, (2 pts.), and the vapour, 
after passing over calcium chloride and lead 
oxide to remove water and acrylic acid, is con- 
densed by a freezing mixture (Aronstein, A. SuppU 
3, 180). — Obtained also in large quantity as a 
by-product in the preimration of oenanthalde- 
hyde, from castor-oil (Scborlemmer). 

Properties.-— Mobile strongly refracting liqnid. 
Vapour extremely irritating to the nose and eyes. 
Taste pungent and burning. It is readily con- 
verted into dis acryl, a white amorphous body 
(isomeric or polymeric?), insoluble in water, 
alcohol, acids, and alkalis. 

Bcaclions. — 1. Oxidised quickly in the air, 
or by silver-solution to acrylic acid, in the latter 
case with formation of a silver speculum; by 
nitric acid to glycollic and oxalic acids (Claus. 
A. Suppl. 2, 118).— 2. Converted by nascent 
hydrogen (Zn and HCl) into allyl alcohol, 
Calico, isopropyl alcohol, CaH^O, and acro- 
pinacone 2C3lI,0 -f H^ = C^HinOj (Linnemann, 
A. Suppl. .3, 257).— 3. With PClj acrolein yields 
allylene chloride CsH^Cl.^ (84*6°), the isomerio 
dihydrochlorog]ycideor/3-cpidichlorhydrin(102°), 
and trichlorhydrin C3H3CI3 boiling at 162°-166® 
(Gcuthcr, Z. 1865, 24). — According to Bomburgh 
\BI. [2] 36, 549) the three liquids are allylidene 
chloride OsH^Cl,, (85°), its isomeride, (110° cor.), 
and j8-chioro-allyl alcohol CHChCH.CH^OH 
(153° cor.).— 4. Bromine forms di-bromo-pro- 
pionic aldehyde {q. v.}.—5. Acrolein heated with 
ethyl-alcohol and its homologues and a little 
acetic acid, yields glycerides ; e.g. triethylin 
C3H,(C.JI,)303, from 1 vol. CsH^O and 1 vol. 
alcohol and 0*5 vol. acetic acid ; trimethylin 
C;,H^(CH3)303, from 1 vol. CgHjO, 3 vol, methyl 
alcohol, aiK^ 0*5 vol. acetic acid ; and triamylin 
C3Tl3(C3H,,)30s, in like manner. On passing HCl- 
gas into a mixture of acrolein and 2 voL abso- 
lute alcohol, diethylchlorhydrin C,n5(C2Hs)2C10, 
is obtained as a heavy oil having a sweetish 
ethereal odour and S. G. 1*03 at 10*6° (Alsberg, 
J. 1864, 494).— 6. Acrolein acts strongly on 
aniline, forming diallylidene-di-phenyl-di-amine, 
(C,H3),.(C3Hj2N3{Schiff, J. 1864, 414). 

Combinations.— 1. With Sodium Hydrogen 
Sulphite bydirect combination C8H^O,2NaHSOi 
CH3.CH(NaS03).CH(On)(NaSO,). Crystalline 
nodules. With acids give^i off SO. but no 
acrolein. By NH3 and BaCl, only half the 
sulphurous acid is precipitated as BaSOj, the 
a-sulphopropionio aldehyde remaining in solu- 
tion. Sodium amalgam converts it into pxypro- 
pane sulphonic acid. Silver oxido oxioisee it 
to a-sulpho-propionio acid (Max Miller, B. 6| 
1441.— Pn. 360). 

2. With Acetic Anhydride. 

C r G 8 H 4 (OAc) 2 . Formed by direct combination 
1 100°. Liquid (180°). S.O.M 1*076 (Hilbner a. 
Geuther, A. 114, 47). • 

8. With Acetyl Chloride. C,H 40 , 2 CAOOL 
Liquid boiling at U0°>146° (Aronsteia). ^ 
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\ 4, wimKtftyl Chloride. 
€0ttj:OaCHOl(OCA)‘ JPormed together with 
aerdeih-aoetal, by the action of sodium ethylate 
on allylidene chloride, CHg:CH.CIIClg at 120®. 
Liquid. (116®-120®). 

6. With Ethyl Alcohol. O.H.A i.e. 
OH,:OH.CH(OH)(OCJiir). Fro^n acrolein hydro- 
chloride and sodium ethylate : 

OH..:CH.CHO,HCl + NaOEt = 

Na'Cl + CH,:CH.CII(OII)OEt. 

Liquid boiling, with partial decomposition at 
130°. S.G. - 0*9 Ifl. yolublc in water, alcohol and | 
ether (Geuthcr a. Cartincll, A. 112, 3). j 

6. With ammonia, acrolein forms a conden- ; 
aation-product C,.HyNO = 2CJ1,0 + NH.,- ILO, , 
prepared by passing the vapour of aniiydrous j 
acrolein into a’coliolic ammonia (Tliibncr a. j 
Geuthcr, A. Ill, 35), or more readily by passing 
the vapour of crude acrolein into aqueous ammo- , 
nia, expelling the excess of ammonia by a gentle 
heat and precipitating the remaining liquid with ; 
a mixture of etlier and alcohol (Claus. A. 130, 
186). — Red amorphous body easily soluble in , 
water and in acids, sparingly in hot ulcoliol, ' 
insolublo in cold alcohol and in ether. Converted 
by dry distillation, iirst into a non-volatilo oxy- 
genated base (Claus. .1.158, 222), then intopieo- ; 
lino and water (liaeyer, A. 155, 283). Acrolein- i 
ammonia unites directly witli bases, forming ; 
brown amorphous salts. Tlie platliiochloride ' 
(C^H„N()llCl);Pt01, is a yellow amorphous 2’P« j 

Polymerides. l.MctacroIoi'n (C;,H,0).,.[50°j. 
V.D. 6*9. Formed with evolution of hydro, 'en, 
when acrolein hydrctchloridc is heated with 
potassium hydroxide (not NaOll). Needle- 
shaped crystals lighter than water, having an 
aromatic odour. Tartly reconverted by distilla- 
tion into acrolein. Volatilises undecomposed 
with aqueous vapour. Insoluble in cold, sjiaringly . 
soluble in hot water, easily in alcohol and ether, j 
Exerts only a feeble reducing action on ammo- ! 
niacal silver solution. Not alfcetod by dilute 
alkalis, but changed more or less into acrolein ; 
by heating with mineral aei<ls. Does not com- I 
bine with ammonia. Unites with dry IlCI-gas ; 
forming ^-eliloropropionie ahhdiydfe j 

CH.jCl.CH,.CHO (Gcuther a. Caitlnell, A, 112, 3). ^ 

2. ^croleiii resin. Formed by heating , 
acrolein fora week with 2-3 vol. water at lOfV, , 
as a brown resin which begins to melt at 100°, j 
is moderately soluble in hot water, easily in ' 
alcohol and in ether. Heated with ammoniacal ! 
silver solution, it reduces the silver in specular 
form. Reconverted into acrolein at 100° (G, a. C.). 

3. Hexacroleic acid C,,^lL.,Og. Formed 

by treating acrolein with alcoliolic or aqueous 
potash or with moist silver oxide. Yellow 
amorphous body, insoluble in wuatcr, easily 
soluble in alkalis, alcohol, and ether. Has a 
slight acid reaction. Salts: XaC,„H,,j 30 fl: brown 
and amorphous. Ca(C,Nll. 30 ,i).j: yellow flocculent 
precipi^te insoluble in water and in alcohol. 
Barium smt\ amoqdious; decomposed by CO, 
(Claus. A. »uppl 2, 120). II. W. 

ACEOLEiN - DIPHENYLAMINE v. Di- 

nteXYL-AMINE-ACBOLEIN. 

ACEOLEiN-UEEA C,H«N,0, i.e, * 

' C0N.,H,(C3H,). ^ 

^orraed^by the action of acrolein on urea in 
alcoholic solution (Leeds, A.O.J. 4, 68 ; B. 16, 
^1^^. White powder; sol. alcohol, ether, or 


OS3. Other bbdier are also foraied (Schlf , X 
161,206; J5. 16, IWJ. 

ACB0IEXK-m-X7LU)UrX m-XYman 

iCBOjufiV. a * 

A%0PINAC0NE C«H, A. 

1. e. 0H,:CH.CH(0«).CH(0H).CH:CH2 (160®- 
180°) S.G.i^ *99. Formed by action of zinc and 
dilute ILSO^ upon aorolein (Linneraann, A, 
SiqypL 3, 268 ; L. Henry, J. jpr. [2] 9, 477). It 
is extracted with ether. It turns brown in air. 
V. sol. alcohol or ether, insol. water. 

ACROTHULDINE. C„H,3NS,5aq. A base 
produced by the action of ammonium sulphy- 
drato on acrolein at 0° (Schiff, BL [2] 8, 444), 
lusol. water, v. si. sol. alcohol, ether, or CS^, 

ACEYL-COLLOIRS v. iS-BaoMo-ACRYUC ACin. 

ACRYL-ALDEHYDO. PHENOXY- ACETIC 
ACIDC„H,„0,t.c.CH0.CH:CH.C.,H,.0.CH2,C02H 
0 [153°J. m [100°]. p [182°]. These three acids 
are jirepared by adding a cold aqueous solution 
of aldehyde to a dilute solution of sodium 0 - 
aldehydo-phonoxy-acotate at 60° (Elkan, B. 19, 
3018). 

ACRYLIC ACID i-c. CHjiCH.COA 

Mol. w. 72. [8°J (110°) (Linncmann, A, 171,^294). 
Vonnation. — 1. By oxidation of acrolein (p. 01). -A- 

2. By heating )8-iodopropionic acid with sodium 
ethylate : CH.,I.CTI...CO.JI 4 NaOEt- 

Nal + Eton + CJI, : CH.CO,!!. 

(v. Schneider a. Ericnmeycr, B. 3, 330).— 3. By 
heating j8-iodopropionic acid with lead oxide. — 

4. Together with projiyl alcohol and other pro- 
ducts, by heating allyl alcohol with KOH (Tol- 
lens, Z, [2J 6, 457). — 6. From iodoform and 
sodium ethylate (Butlerow, A. 114, 204).— 6, By 
debromination of a-)3-dibromopropionio acid 
with y.iuc-diist, 

CiIdh-.CJIBr.CO,JI-B% = CH, : CIIfOOA 
7. By heating dichlorallyleno with water: 

CCI, : C : Cli, -f- 2ILO = 2HC1 -i- Oil, : CH-CO^H 
(Tinner, B. 7, 06). -8. By the distillation 0 ! 
hydracryhitcs = CjI^Oa + H^O (Beilstein, 

A, 122, 372). 

Prepamiion . — Aroloin mixed with 3 vol. 
water is poured upon recently precipitated silver 
oxide suspended in water in a vessel protected 
from light; the liquid is heated to boiling; so- 
dium carbonate added to slight alkaline reaction; 
and tlie mass, after evaporation to dryness, is 
treated with dilute sul])hiiric acid. The liquid 
is filtered (hexacroleic acid and reduced silver 
remaining on the filter) and the filtrate is dis- 
tilled, acrylic acid then passing over (Claus. A, 
SuppL 2, 117). 

Colourless liquid having a pun- 
gent odour like that of acetic acid; solidifying 
at low temperatures ; miscible with water. 

Itcactions. -1. Converted hy podium-amalgam 
and by boiling with zinc and dilute sulphurio 
acid into pro^iionio acid (Linnemann, A, 125, 
317).— 2. Fuf^on with KOH gives formic and acetic 
acids : CaH^Oj + 2H,0 = CHPa + C^H^O, + A 

(Erlenmeyer, A. 191, 376).— 3. TJnites directly 
with bromine forming aj3-dibromopropionio acid, 
CH^Br.CllBr.COaH, tfhd with hydriodk acidt 
fonning j8-iodoi)ropionio acid, CH 2 t.CHj,.C 02 H 
(Wislicenus, A. 166, 1).— 4. Its alcoholic station 
saturated with HCl, yields ethyl /S-chloropro- 
pionate, €H2Cl.CH2.C0202Hft (Lmnemanh, 4» 
163, 96).— & Unites with hypocUofim 0^ 
forming j8-qhl9j:ol6ctiq fiqid 



iUSID. 


^ OR: OH.CC^+ dQHf. m^GiMOK^OM 
(M^ikow,S. 12,2227; 18,^164). 

I, S<ilt8.^AU except the silver salt are easily 
^ soluble in watrf. Give off jpar^f their acid at 
100®, leaving basic salts ; the Ba-, and Zn- 
salts decomposing in this v^&nneT oven at ordi- 
nary temperatures. — KCgHjO.^ is very deliquescent , 
(Clausius). — NaA', microscopic needles. 100 I 
ptfl. cold alcohol dissolve 0'7 pt. of this salt 
(Zotta, A. 192, 105). Dissolves easily in 90 p.c. I 
alcohol. Melts with decomposition above 250° 
(Linnemann). Converted by heating with 
aqueous soda at 100° into the isomeric hydra- ! 
crylio acid CH.jOH.CIL^.COJI (Linnemann, B. j 
8, 1095). — CaA',j: needles (Caspary a. Tollcns). | 
—• SrA'a : small rhombic plates very soluble in | 
water. — ZnA'^: small scales (Clausius). -PbA'j: | 
shining needles soluble in alcohol.— AgA' : floe- i 
oulent precipitate crystallising from boiling 
water in prisms (Caspary a. Tollens, A. 107, 
240). 

Ethers.— MeA' (80-3°) (Weger) S.G^-9U. 
From methyl o-j8-di-bromo-propionato, McOH, 
Zn andK^SO^ (C. a. T. ; Kahlbaum, B. 13,2319). 
— EtA' (98*5°) (W.) ; (101-o°) (C. a. T.). From 
%tbyl a-^-di-bromo-pro[)ionate, EtOH.Zn and 
H,SO,.-PrA (122-9°)(W.). From propyl ' 

bronio-propionate, PrOH, Zri and H.SO ^. — Allyl 
ether. C,H,A' (119°-r24°) (C. a. T.). “ ^ | 

Other derivatives of acrylic acid arc described ' 
us ; UnoMo-AciiVLio Acins, Ciiloiio-acuyliO acids, ! 
Chloko-bromo-acutlio acid, Amido-acrvlic acid, 
Buomo-iodo-acrylig acid, Iodo-acuvlig acid. See , 
also IIydracuylic acid. i 

Paracrylio Acids acid pro- | 

bably having this composition is formed by the ' 
action of potassium cyanide on ethyl a-ehloro- 
propiona^ at 150°. - Short prisms melting at ! 
180°-182°. Gives a Drown red pp. with ferric ! 
chloride (Karetnikoff, J. R, 9, 110).- Another 
paracrylio acid is formed by boiling aqueous 
h-iodopropionic acid with excess of silver oxide, 
till the solution becomes coloured, and metallic 
silver begins to separate. •The same acid is 
formed when hydracrylio acid Call.jOa is loft in 
contact for several days with 1 mol. bromine. — 
Small crystals melting at 09° ; insol. in water, 
slightly sol. in cold, easily in hot, alcohol. Fasily 
takes up HI at 157° and is converted into /3-iodo- 
pvopionio acid. — The sodium salt is indistinctly 
crystalline, deliquescent, does not melt at 180°. 
The lead salt is soluble in water (Klimenko,/. R. 
12, 102 ). 

Di-aorylic acid 

At 250° sodium hydracrylate is decomposed 
into water, sodium acrylate, and .sodium di- 
acrylate. On treating this mixture with water it 
becomes very hot, and tlie sodium di-acrylato 
takes up aq bemfe converted into para-adipo- 
malato, NajCaHsOj. The latter is throwji down 
as a viscid syrup when an equal voliyne of alcohol 
is added. At 200°-250° it loses aq, clmnging to 
sodium di-acrylatc, an amorphous deliquescent 
mass, which becomes warm wheu breathed 
upon, combining again %ith aq. Salts.— 
Na^A''.— BaA''. — CaA": from calcic hydracrylate 
af 220’ (Wisliconus, A. 174, 285). 

PBra~adipomalic acid isa syrup. It is 
Tcduccd by HI to para-adipio acids CyHigO^. 
flklis.-Na^OAOft aq,— BaA".-^uA" aq.- 
^ • 9.W. 


for measuring 

ehemioal intensity of light. K Phtsioal 
MBraoDs, sect. Oftickl, 

I ADUfflNE OjH^Ny3aq, Occurs amongst the 
decomposition -products of the contents of all 
I growing animal and vegetable cells. Formed, 
amongst other firoduc^, by boiling nuclein 
with dilute H^SO^. 

Long rhombic needles (from NHjAq. (V. sol. 
hot water, and in NaOHAq, v. si. sol. NaXO^Aq, 
Neutral to litmus. Insol. ether or CHCi^, — By 
nitrous acid it is con veiled into hypoxanthine 
(Kosscl, B. 18, 79, 1928; H. 10, 218). CJIgAg.N,: 
insol. NHaAq. (0,H,N,).,TT.,SO;2Aq. SI. sol. wa'ter, 

ADIPIC ACID Gil ',()■„ 

Le. CO JI.CH,.CIL.ci[..CH,.CO..H. Mol. w. 140. 
[149°].“ S. 1-44 at 15°; S.' (other) -033 at 19° 
(Dieterle a. Hell, B. 17, 2221) ; S. 7-73 at 18® 
(Wirz, A. 104, 257). 

Fonnation. — 1. By the oxidising action of 
nitric acid on sebacic acid, and on natural fats, 
e.g. hog’s lard, cocoanut oil, Ac. — the first pro- 
duct of the action being sebacic acid, which by 
further oxidation is converted into adipic acid 
(Laurent, A. Ch. [‘2j GO, IGG ; Dromeis, A. 35, 
105; Malaguti, A. Ch. [3] IG, 84).— 2. By the 
action of HI and phosphorus at 140° on mucio 
acid (Crum Brown, A. 125, 19), or saccharic acid 
(De la Motto, B. 12, 1572). - 3. From muconio 
acid C,jII„0, and sodium-amalgam (Marquardt, 
B. 2, 385). - 4. From /S-iodopropionic acid and 
silver at 100°-100° ; 2(CtI,i.ClI..CO.H) Ag..- 
2AgI-h(CH,),(COH), (Wisliconus, A.' 149, 221). 
6. By reduction of di-acetylene di-carboxylio 
acid, CO.dI.C:C.C;C.CO.J[, or of hydro-muconio 
acid, C,H,.(C().dl),, with sodium-amalgam 
(Bacycr, B. IB, G80).— G. By heating butano-»- 
tctra-carboxylic acid (Perkin, B. 19, 2010p 

Prcpundloa . — Sebacic acid is boiled with 
nitric acid, whereby it is converted into a mix- 
ture of adipic and succinic acids, which are 
soluble ill water. The nitric acid is then eva- 
lioiatcd off, and the residue crystallised from 
water. It is then fused and the solidific I mass 
is pulveri.sed and treated witli ether, which 
dissolve.^ fh# adipic acid, leaving a small quan- 
tity of succinic acid (Arp^ie, Z. 1SG5, 300). 

Pro}h'rtics.—'Monochnio lamime, flat i^^cdles, 
or feathery groups of needles. Sparingly soluble 
ill cold water, freely in alcohol and ether. It 
has a tendency to form supersaturated solutions. 
Converted into butane by distilling with large 
excess of CaO (Haiiriot, G. R. 101, 1156). 

Salts. — The ammonium salt (NHJ.A^' forms 
' nionociinic crvstals resembling augite ; a : b : c» 
i -088:1 ;-979:‘'/8 = 82°14'(J.217,113).S.40atl4®, 

I At 150° it gives off all its NH^. — NaJl"2aq.— 

I Na.A'HRq: very soluble peii#1y plates. — K^A".— 

1 Ba.V' : white pp. S.12-04 at 12° ; 7*47 at 100®. 

I SrA"Uiq.— CaiV'aq. -CaA"2aq : minute neciUes 
(froni alcohol), giving up their water at 
100° (Laurent, C. B. 31, 3r)l).-^M^\"4aq: 
prisms. S. 25 at 15°. — ZnA"2aq. — ^CdiL2aq.— 
CiiA"aq.— GuA"2aq.— PbA" : small* glistening 
plates, S. -021 at 10°.— HgA" : white crystalline 
pp. — Ag.A" ; small glistening plates, S. -OlC at 
JA°. — The ferric salt is a brown-red|inaohible pp. 
Tor more detailed description of smts v. Dieterle 
a. Hell, B. 17, 2221. • 

Ethyl effcer.— Et^jA" (245®) (Arppo, Z, 
im, 30^), 







48t 6i8),'^JOifn$thyl-amide O4H1 (COJ^HMe), 
[ISl^-lSS'*] (H.). c 

Derivatives of adipic acid v, Baoiio-ADtPio 
AaD, OXT-ADIPIO AOID. H. W. 

Fara-adipio Acid.— Formed by the action of 
HI on paradipimalio a^d, €^0,005—* decompo- 
sifion product of sodium hydracrylate v. du 
Acrxlio acid.— Syrupy.— ZnC^HsOj.SHaO. Vis- 
cid flooculentpp. (\Vislicenus,i4. 174,295). H. W. 

Iso-adipic acid C,H«(CO,H),.[192°].S.l at 22^ 
A product of the action of bromine on the sul- 
phate of cyanethine {q^. v.). The product is 
extracted with ether ; on evaporation this leaves 
an oil which reacts violently with strong NH3, 
forming crystals of the amide of butane dicar- 
boxylic acid, 04H,(C0NH.J... Converted by 
boiling dilute H0SO4 or HCl into the acid. 
(E. V. Moyer, J. pr. [2] 20, 358). 

Properties. — liows of prisms, or, from hot 
concentrated solution in water, globular aggre- 
gates. Begins to sublime at lOO'^. Koadily 
Boluble in alcohol and ether. 

A"H(NH,). Solutions of this salt give 
the following precipitates : FeXl,,, reddish- white; 
AgNOs, white; CuSO^, green;* Pb(OAc)2, on agi- 
tation, prisms crossing one another; HgCL, 
CaCl^, BaClj give no pps.— A"Ag.,.— A"Cu.— 
A'Tb, iaq. 

Amide.— {Soo above.)— Does not melt at 2G0®. 
Prisms with pyramidal ends (from water). 

Adipic acid C,H,(CO,.H)2 (Hydropyro-cin- 
chonic acid) [194'^]. Small white needles or 
glistening prisms ; easily soluble in alcohol and 
ether, less in water. Is the chief product of reduc- 
tion of pyrocinchonic acid COJI.CMc'.CMe.CO.Jl 
or of the reduction of di-chloro-adipic acid 
CO2H.CClMe.CClMe.CO.JI. By conversion into 
the anhydride and redissolving in water it is 
converted into the isomeric adipic acid melting 
at [240^]. 

Salts.— C&X*' IJaq; very sparingly sohiblc 
white silky needles.— SrA" l.iaq: sparingly soluble 
needles.— PbA" 3aq ; white crystalline pp.— 
A"Cu : green pp. 

!i 87^] (Otto 

a. Be$kurts, B. 18, 838 ; Bo.-?er, B. 15, 2012 ; 
Leuckart, B. 18, 2344). 

Constitutiou.—'Prohixhly identical with the 
above iso-adipic acid. 

Adipic acid (CJIJCO,H),)„ [210°]. Glisten- 
ing plates, or prismatic ncctlles. Formed by 
isomeric change from the preceding adipic acid 
H94°] by conversion into the anhydride and re- 
dissolving in water. 

Salt.—Ap'.^A": sparingly soluble white crys- 
talline pp. The acid does not give an anhydride 
on heating (Otto a. Beckurts, B. 18, 843). 

Adipic acid C4H,(CO.,H).2 C165°-167°]. iX- 
meQiyl’SUccinic acid (?)— From aceto-acctic ether 
by meSnsS)f sodium, a-bromo-propionic ether, 
and Mel (Qardtmuth, A. 192, 142). 

Salts, — PbA" : flocculent pp. — Ag^A". 

Adipic acid C,.H,o04 [142°~143°].~Froin tro- 
pilene (q. v.) and HNOa(S.G. 1-285) (Ladeuburg, A. 
217, 140). ' «' 

Sail;.— A g-iA".— Ammonium salt forms tri- 
" olinio crystals ; a:b:c ^ -8474 : 1 : *6496 a* 
7-100^ 50', 


Plfobablf identioal with n-di- 
methyl-Bnooioio acid ( 9 . 9 .), 
CO2H.OMe2.OH2.CO2H. . . I 

Other isomendes of adipic aofd are desonbedi 

... Mtrn Xinfx-axrT.-tMiTJWm TBn. 


Pbopyl-malonio, :|jt-METHYL-suociNto, Ethxl- 
SUCCINIC, and Mbthyl-olutabig acids. 

Adipic (?) aldehyde OaH,aO^— Formed by 
treating acetic aldehyde with zinc-turnings at 
100° 3C.,H40 - H.,0 - CaHjoOg. Smells like wild 
mint, and appears to be decomposed by prolonged 
distillation, with formation of H.p and higher 
condensation products. Unites with alkaline 
bisulphites, forming crystalline comi:)ounds (Ui- 
ban, G. li. 75, 98). H. W. 

ADIFOCERE. — A fatty substance produced 
in the decomposition of animal substances in 
moist ground; first found by Fourcroy in the 
Cmctu're dcs imocens at Paris. Consists of 


palmitic, stearic, and oleic acids (Gregory, A. 
61, 362 ; Wethcrill, J. 1855, 517). According to 
Ebert {B. 8, 775) it consists essentially of pal- 
mitic acid, together with maigaric and oxymar- 
garic acids, C, and C,,Il3,Oa. H. W. 

ADIPOMALIC ACID C,H,„0 is formed by boil- 


ing bromadipic acid with potash, as a viscid mass; 
which becomes crystalline. — PbO^jHgOjSHaO. 
White precipitate which dissolves in hot solution 
of lead acetate and separates therefrom in na- 
creous scale.s. Gives off 21I..0 at a moderate heat 


(Gal a. Gay-Lussac, C. B. 70, 1175). 11. W. 

Para-adipo-malic acid v. di- A crylic acid. 
ADIPOTARTARIC ACID C,1I,«0,. Formed 


! by healing pulverulent di bromadipic acid with 
j water at 150°. Moderately soluble in alcohol 
! and ether. Much more soluble in liot than in 


! cold water, and separates in monoclinic lamina?, 
j Optically inactive, yolution agitated ^ith KOH 
I yields a ciy.slalIino pp. resembling cream of 
j tartar (Gal a. Gay-Lu.ssac). H. W. 

ADONIDIN. A glucoside in J (fonts vemalist 
resembling digitalin in physiological action 
(Ccvvello, Ph. [3] 13, 129; Mordagne, Ph. [3] 
16, 145). • 

ADONINIDINE. A poisonous substance in 
Adonis cnpnniana (Corvello, O. 14, 493). 

.SISCIGENIN C,,.1I._.„0,,. Formed, together 
with glucose, by passing IlCl-gas into a boiling 


alcoliolic solution of tclfcscin {infra) 

+ 11,0 - C,,TI,o 0.2 + CJl,.,Oe 
Indistinctly crystalline powder, insoluble in 
water, soluble in alcohol. Strong sulphuric acid, 
in presence of sugar, dissolves it with blood-red 
colour. Acetyl chloride converts it into a 
diacetate (llochlcder, J 1867, 751). H. W. 

iESCINIC ACID C.,4H4 o02 . Occurs in small 
quantity in the cotyledons of ripe horse-chestnut 
seeds. Formed, together with propionic acid, 
by boiling argyrsoscin with po^h-lye : 

C.2 JI«0,2 + 2KOH == K02,H3»0,2 + KO,H,02» 
and together with butyric acid by similar treat- 
ment of aidifodrescin : 

+ 3KOH = 2KC2,H3,0,2 + K04n,02. 
Gelatinous mass, becoming partially crystal- 
line. ^ 

Resolved by hydrochloric acid into gluooM 
and telffiscin : 

C2jI,oO,*-fH20«aH,20,+ 

The aci 4 potassium salt KO24H 
forms silky; needles, si. sol. wati 


it (Boohledeth 

U, W. 



lembUngor^ifoiioedbjini^ olamm^fnift- ^44*^}, ooIootImb Bilvety (» 7 ital», easily soluble 
tapdor on moiit puasB^etin : in alcohol, ether, and bjinaenei nearly insoluble ini 

CLH «04 -fc iS, + 0 « ]^0 + water ; fonned by sapohiflcation o! its ether, or ' 

flEtoohleder, /. 1867, T58). 4 4W. by heating the (a). isomer to its boiling point. 

‘ a!80li)ECIH CAOi, U formed by the Bthyl-Bther OA(OEt),.0,Hj.CO*Et 
notion of sodium aTnalgam 8h sesouletin. Die* [76^], glistening tables, easily soluble in aloohd, . 
solves in alkalis with green colour quickly ether and benzefie, in^luble in water, distils 
ehanging to red. . Converted by ammonia into undecomposed above 360° ; prepared by heating . 
isscioroein (Rochleder, ibid. 751). H. W. di-ethyl-iosculctin with ethyl iodide and sodium 

• JBSCIOXALIC ACID Produced, ethylate at 100° for 8 hours ; it is also formed 

together with formic and oxalic acids, sometimes by heating the (a) -isomeric ether to its boiling; 
also protocatcchuic acid, by boiling acsculetin point (Will, B. 16, 2108). 
with very strong potash lye. More easily .ESCULETIN 
obtained pure by boiling asculetin for several ^CH:CH 

hours with baryta water in an atmosphere of Cj,H^04, i.e. CuHo(OH).j^ | 

hydrogen. Very minutely crystalline mass. ^0 . CO 

Gives with ferric chloride a red-brown colour, Occurs in very small quantity in horse-chestnut' 
changing to purple-violet on addition of sodium bark. Formed by the action of dilute acids or 
carbonate ; with ferrous sulphate and a small of emulsin on asculin (lloclilcder, J, 1863, 589). 
quantity of sodium carbonate, a deep blue I’teim ration. — A solution of ffisculin in warm 

colour (Rochleder, J, 1867, 752). H. W. strong hydrochloric acid is boiled till it solidifies 

ESSCVLETIG ACID CsHsOi, to a crystalline pulp ; this after washing wth 

Le, CgHa(OH)sCH:CH.C62H. Formed by boiling water is dissolved in warm alcohol ; the solution 
flcsculetin with baryta (Rochleder, J. pr. 09, 211). precipitated with lead acetate ; the precipitate 
iSfafis.— BaA'j.— 6PbC„H,;0^,CflHs05. Acids of lead-a-sculetin is washed with alcohol and 
which contain the group CH:CH.COJI, such as afterwards with boiling water, then suspended 
fumario and maleic acids and the coumaric acids, in boiling water and decomposed by hydrogen 
ate usually capable of existing in two forms, sulphide; the liquid is filtered at boiling heat; 
one of which can be easily transformed into the and the rcsciiletin which separates on cooling is 
other, ^sculetic acid and its methyl dcriva- recrystalliscd (Zweugcr, A. 90, 03). 

‘tiyes are at present known in one form only, but Very thin shining needles or 

tti-ethyl asculetic acid and its ether liave been scales consisting of C9H(;04,Hi0 ; bitter, slightly 
obtained in two forms, which are described below soluble in cold, more soluble in warm, water and 
as derivatives of (a) and (j3) rcsculetic acid. alcohol, nearly insoluble in ether. Aqueous 
Tri-methyl derivative CaHo(0Me)5.C2H2.C0.4H solution exhibits a very faint blue fluorescence, 
[168°]. Needles. Soluble in alcohol, ether, benzene, considerably exalted, however, by addition of a 
and hot water, sparingly in cold water. Formed small quantity of ammonium carbonate. Deep 
fiy the action of alcoh#lio KOH on the following green coloration with ferric chloride; yellow 
body. Its neutralised solution gives pps. with precipitate wdth load acetate. iEsculetin dis* 
AgNOj, CuSO^jZiiSO^, and Pb(OAc)2. solves in hydrochloric acid; and is oxidised by 

Methyl ether C„Ho(OMe)3.C2H2.C02Mo nitric acid to oxalic acid. By boiling with very 
[109°]. Prisms. Distils undecomposod at a very strong potash-lye, it is converted into formic, 
liigh temperature. Soluble in alcohol, ether, oxalic, protocntechuic, and a^scioxalio acids; by 
ind benzene, insoluble in water. Formed by sodium amalgam into fcsciorcinol. 
jvaporating dimethylficsciiletin (1 mol.) with a A hydrate C^H^O^jlHnO, isomeric with 
iplution of NaOH (2 mols.) nearly to dryness daphnetin, occurs in horse-chestnut bark in 
and digesting the residue dissolved in methyl larger quantity than anhydrous SDSOuletin. It 
alcohol with methyl iodide (Tiemann a. Will, B. is less soluble in w’ator than the latteit *iDd 
16, 2082). crystallises therefrom in small granules. Sub- 

(a)-.®scuLETio Acid C6H2(OII)j.CH:Cn.C02lI limes at 20,3°, and melts above 250°, converted 
Tri^ethyl-derivative C3H2(0Et)3.CoU2.C02H into icsculetin by heating at 200° in C02*8treaixi,^ 
[103°]. Prepared by saponification of its etlier. also w’hcn crystallised from hot hydrochloriei' 
Changes when heated to its boiling point or boiled acid or from absolute alcohol mixed with strong, 
with strong HClinto the (;3)-isomeride. hydrochloric acid (Rochleder, J. 1863, 588). , 

On reduction with sodium-amalgam the tri- /Esculetin unites with MgO (ScMfP, JB. 18,.; 
atbyl-derivatives of both (a), and (;3)- asculetic 1051), and with solution of lead acetate forma' 
acid give the same tri-ethoxy-phenyl-propionic a lemon-yellow precipitate having the composi-. 
acid, 0jH2(0Et),C4fLCH2C02Et, and with alkaline lion PbCuU^O^ (Zwonger, A, 98, 63), 

EMnO^ the same tri-ethoxy-benzoio aldehyde, Diacctyl(csculet^nC^iB.^^O^i.e.Cg'R^K^a^O^^ : 
0,H4(OEt),CHO, [134°] formed by treating aesouletin with aceUo 

Ethyl-Ether 0gH2(0Et).,.C2H2«C02Et anhydride and sodium acetate. Crystallises fngn 
[61°],thiokyellowpri8ms, very soluble in alcohol, alcohol in prisms ; from water in neeAlea^ d5- 
ether,and benzene, insoluble in water ; prepared solves in alcohol and ether; is not c^oured by 
by heating di-ethyl-ffisouletin with sodium ferric chloride; is easily saponified by heating' 
ethylate and ethyl-iodide a? 100°, avoiding an with strong sulphuric acid at 30° to 40° (Kach- 
expesB of ethyl-iodide and longer heating than bauer, A. 107, 248). 

fctuc h^rs; on heating to its boiling point ^ Bromocesculetins. formed 

(p^ve 380°) it changes into the (i9)-isomeride by treating dibrommsculin with strong sulphcirio 
.Br 16, 3110). * acid, crystallises from alcohol in yellowish " 

) (ffl-ASkwcidiTZO Aoid OA(OH)a.(^^^ needles melting at 233°, ^htly soluble 
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wlLter.--rC,H|Br. 04 , lonn«d by adding bromine 
to a hot solution of lesouletm in glacial acetic 
acid, wystallises from sdoohol in long yellow 
neecUes, melting with decomposition at 240^ 
(Idebermann a. Knietsch, B. 13, 1591). 

Di^aeetyl-di-bromo-isscziletin 

0, ABr,0, i.e. [177®]. , 

Fonned by acetylatioxi of ni-broin-oesculetin 
crystallises from alcohol in slender needles. 

Di-CkOBtyl-tri-hTomo-cRsculetin 
0,jH^r,Oe i.0, OBHAcJBraO^, formed by acetyla- 
tion of tri-bromffisculetin, or by bromination of 
iacetyloBSCuletin, crystallises in long very thin 
needles, melting, with decomposition at 180°- 
182° ; insoluble in water (L. and K. ; Liebermann 
a. Mastbaum, B. 14, 476). 

Methyl’cusculetin i. e. 

0;H,Oj(OH)(OMe) [184°] is formed by heatm(» 
lesouletin (6 pts.) with methyl iodide (15 pts.) and 
EOH (4 pts.) dissolved in a small quantity of 
methyl alcohol till the liquid becomes neutral. 
On treating the product, after the pcater part of 
the methyl alcohol has been given off, with 
water and hydrochloric acid, methyl rcsculetin 
crystallises out, while dimethylajsculetin re- 
mains in solution. 

Shining needles. Soluble in cold dilute 
alkalis and in ammonia, and precipitated there- 
from by acids. Decomposed by boiling aqueous 
alkalis like tesculetin. Insoluble in cold, but 
soluble in hot water ; easily soluble in alcohol, 
ether and benzene, insoluble in light petroleum 
(Tiemann a. Will, B, 15, 2075). 

Dimethylaisculetinf C,,H,o04 1. e. 
0,H40j(0Me)j [144°], is deposited from the 
mother-liquor of the preceding compound on 
addition of ammonia. Shining needles. Easily 
soluble in alcohol, ether, and benzene, nearly 
insoluble in light petroleum ; insoluble in cold, 
soluble in hot, water. Dissolved by H.SO4 and 
precipitated by water. II. \V . 

Ethyl -CBS culet in CgH^Oa (OH) (OEt) 
[143°], colourless crystals, soluble in alcohol, 
«ther, benzene, alkalis, and hot water, insoluble 
in cold water. 

Di-ethyl-cBsculetin C9H40i/(0Et)2 
[109°], colourless silvery plates, soluble in alco- 
hol, 8ther, and benzene, sparingly in hot water, 
insoluble in cold water and cold aqueous alkalis 
.(Will, B, 16, 2106). 

Con$titutio7i.—JE^cn\ctm contains two by- 
.droxyls, for it forms a di-acetyl derivative. The 
formation of protocatechuic and of tri-ethoxy- 
propionic acids and of tri-ethoxy-benzoic alde- 
hyde from a)sculetin and tri-ethyl-jesculetic 
acids respectively show them to be aromatic 
bosiies. If we compare the formulas for cou- 
marin u^belliferon, CuIIgO^ and bbscu- 

letin, C8H,i04, we see that the two latter may be 
regarded as oxy- and di-oxy-coumarin. That 
umbelliferon is oxy-coumarin has been proved 
by Bjtothksis (Tiemann a. Rcimcr, B. 12, 993). 
Xll three bodies are fluorescent in alkaline solu- 
tion, but methyl-umbel! if eron, Cj,H502(0Me) and 
methyl-aesculetin fluoresce more strongly than 
umbelliferon and aesculetin respectively, while 
di-methyl-^ sculetin, C,H40a(OMe)2, fluores<MS 
most jfrongly of all. ^ ^ 

Wnen coumarin (1 mol.) is evaporated with 
^KaOH (2 mols.) and the residue digested with 


MeOH and Mel, It takes up tile elements q! 
Me,;0, becoming methylio*methyl-o-oouxttarate ; 
.0H:0H 

0J3i/ I +2K0H + 2MeI« 

. \q.co * 0 

cS[4 (0K).0H;CH.C02K + HjO + 2MeI - 
0«H4(0Me).CE»CH.C02Me + H^O + 2KI. 

But two isomerides may be got in this way, one, 
(a), when excess of Mel is avoided and the diges- 
tion is for 3 hours at 100°, the other (0) by di- 
gesting for a longer time at 160° (W. H. Perkin, 

C. J. 31, 417 ; 39, 409). Precisely the same re- 
action occurs when di-ethyl-aesculetin is digested 
with NaOEt and EtI, the two isomeric ethers, 
C^H4(0Et)3.CH:Cn.C02Et, being formed, the (a) 
compound when excess of EtI is avoided and 
the heating kept up for only four hours, the (8) 
compound by more prolonged heating. In boto 
cases the (a) compounds are changed by distil- 
lation into the ()3) compounds. These reactions 
indicate analogous structure. 

It is however, remarkable that di-methyl- 
fesculetiu does not form a dibromide as cou- 
marin does. 

Paraeesculetin. — C9n^04 (?). — Obtained by 
treating a)sculetin with aqueous NaHSOj, at 
boiling heat, then adding rather dilute sulphurw 
acid and afterwards alcohol, whereby Na2S04 is 
first thrown down, and then the compound 
Ci,H604,NanS08, which when decomposed by 
sulphuric acid yields hydrated parasBsculetin 
OoHfi04,2inoO in indistinct crystals easily soluble 
in water,*^sparingly in ether, more freely in alco- 
hol, less easily in wood-spirit, nearly insoluble 
in acetone and chloroform, soluble in glacial 
acetic acid. Paraaisculetin exerts a strong re- 
ducing action in alkaline solution, throws 
down metallic copper from Fehling’s solution at 
50°-70°, and reduces indigo at ordinaijy tempera- 
ture. Not attacked by acetic anhydride. Ex- 
posed in the moist state to ammonia-vapour, it 
quickly turns red, then dingy-violet, and changes 
after a few minutes to a sky-blue liquid, which 
when left over sulphuric acid gives off ammonia, 
and again turns rea, from formation of tescioroem 
(p. 05). Converted by heating with aniline into 
ccsculetani lide (Bochlcder, d. 18G3, 589 ; 1 867 ,752). 

C.JI„04,NaHS0.„5H.0 forms small needles. 
According to laebern^ann a. Knietsch [J. 1880, 
1028), the true formula of this compound^ is 
C;,Il804,NaHS03 ; it probably therefore contains 
a hydro-a)scul etin. H, W. 

.ffiSCULIN [204-5°-205°] (H. 

Schiff, B. 11, 302). -Occurs in the bark of the 
horsechestnut {yEsculus Ilippocaatanum) es- 
pecially in March before the buds open (Minor, 

D. J. 12, 274 ; Jonas, A. 16, 200). 

Frcyaration.—l. Horsechestnut bark is ex- 
hausted by boiling with water ; the extract is 
precipitated with lead acetift^ and the fl.ltrate, 
freed from lead by hydrogen sulphide, is evapo- 
rated to a ?yrup. The oesculin then crystallises 
out after a few days, and may be purified by 
washing with water, and crystallising, first from 
weak spirit (40 p.c.), then from boiling water 
(Rochleder a. Sch»varz, A, 87, 186).^2. The 
bark is exhausted with weak aqueous amfmonia ; 
the solution evaporated to dryness ; the residue, 
mixed with alumina and exhausted witl? alcohol 
of 95 plb. ; and the lesoulin which orystalHses 
from the«alcohol is agitated with water and 





•their, end fijially ^shed with benzene {Fait* 
thbme, d 2^. 26, 4). 

I Properties.^SmtkU prisms,, composed of 
0,«H„Op,2HfOt Bitter, sparinglv soluble iu cold, 
easily in boiling water, the solftion coagulating 
on cooling. 1 pi. dissolvf^ in 24 pts. boiling 
alcohol. ^ Very slightly soluble in absolute ether, 
soluble in glacial acetic acid and ethyl acetate 
(Trommsdorff, A. 14, 200). The aqueous solu- 
tion is slightly acid, and exhibits a blue lluores- 
cence which disappears on addition of acids, 
but is restored by alkalis. Dissolves in alkalis 
more readily than in water. 

Iteactions. — 1. ^sculin is resolved at 230° 
into glucosan and acsculetin : C,JI,^Oh = 
Cj,H,oO^+ C„HaO,(Schiff) ; by digestion with 
dilute mineral acids or by treatment with 
emulsin, into glucose and ocsculetiu (Ilochleder 
a. Schwarz, 88, 356) ; by boiling with baryta- 
water into glucose and fiesculetic acid (liochleder 
«/". pr. 69, 211). — 2. Converted by sodium- 
amalgam into hydrffisculin (Ilochleder).— 3. 
Agitated with a small quantity of nitric acid, it 
yields a yellow solution which assumes a deep 
blood-red colour on addition of ammonia, this 
•reaction affords a delicate test for icsculin 
fSonnenschein). — 3. Cone. HoSO, (4 drops) 
followed by NaOClAq gives a violet colour (Baby, 
J. Ph. [5] 9, 402). 

ASsculin forms with magnesia, the compound 
2 C, 5 H,«OaMg(OH) 2 , which is yellow and dis- 
solves readily in water (Schiff, B. 13, 1952). 

Pentacetylasoulin 

Formed by heating 03sculin with acetic oxide 
crystallises from alcohol in small needles melt- 
ing at 130° (Schiff, A. 161, 73 ; B. 13, 1952). 

Di-b^onto -cBSculin CuHi^BroOp. 

Is obtained by gracfually adding bromine in 
calculated quantity to a solution of icsculin in 
glacial acetic acid. Crystallises from glacial 
acetic acid in small needles ; melts and decom- 
poses at 193°-105°. Sparingly soluble in alcohol, 
still less in all other solfents (Liebermann 
a. Knietsch, B, 13, 1594). 

Pcntacetyl’dibromo-asculm 

i.e. C,.,H„Br 2 A 0 iO,„ prepared in liko 
manner from dibromoesculin, forms slender 
needles, melting at 203°-206°, converted by 
strong sulphuric acid into dibronncsculctin. 

Pentabensoylccsculin Cs^,!!.,,!),^ i.e, 
C,,H ,,BzjOg, forms nodular groups of crystals 
sparingly soluble in ether, freely iu hot alcohol 
(Schiff). 

Trianilassculiu 

C, 3 H 3 ,NjOgi.c. C, 5 H„(NCyH 5 ) 30 a, from rosculin and 
aniline by prolonged heating at 200°. Amor- 
phous brown powder, soluble with red colour in 
alcohol (Schiff, if.*4, 472). II. W. 

JETHAL V. Cetyl Alcohol. 

JSTHOKIBEIN. The yellow colouring matter 
of the flowers of Antirrhinum Linaha. H. W. 

AFFINITY.— Chemical affinity is that pro- 
perty of bodies in virtue of which, when brought 
into contact, they react on«Bacli other, forming 
new bodies. It can bo called a force, in so far 
as by its action energy is produced, namely, heat, 
light, Electrical or mechanical energy. And, 
vice ver&d^ energy must be employed ^ reverse 
the action of chemical affinity, and tg decompose 
the combined substances. 
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Nothing is known as yet about the nature of 
chemical affinity, nor has a satisfactory hypothesis 
been suggested conoetfiing it. The oldest con- 
ceptions concerning the reasons why substances 
react on each other reach back to Greek philo- 
sophy ; nothing has survived of them except the 
name affinity, w^ich preserves the notion that 
those substances which are of the same origin or 
of the same kind, and which therefore are as it 
were related to each other, possess the power of 
mutual reaction. It is now known that the con- 
trary of this is more correct. Moreover, the 
reason of the greater or smaller facility with 
which substances react chemically was conceived 
to be somewhat similar to human qualities — sym- 
pathy and antipathy. These conceptions held 
sway as long as the philosophy of Aristotle 
reigned. The breach with these ideas, which was 
brought about by Galileo’s mechanics, intro- 
duced mechanical ideas into chemistry also. 
The ultimate particles of substances were ima- 
gined as furni ihed with points, edges, and hooks, 
by the aid of which were brought about their 
decompositions and combinations. Sir Isaac 
Newton’s discovery of the general mutual action 
of masses introduced a new phase into the con- 
ception of nature. The idea of an attractive 
action between one small particle and another at 
a distance was introduced by Newton himself 
into chemistry, in order to explain the mutual 
reactions of bodies. He did not, however, con- 
sider the cause of chemical actions as identical 
with that of general gravitation, but as different 
from it, especially as regards the law concerning 
action at a distance. 

Later investigators. Buffer. , Bergmann, Ber- 
thollct, assumed, on the contrary, that both 
forces are of the same nature, and that only the 
circumstances under which chemical forces act — 
especially the close proximity of the reacting 
particles -- cause an apparent difference. 

An influence similar to that due to Newton’s 
astronomical discovery was exerted at the be- 
ginning of this century by a physical discovery, 
tluit of the electric current. The great chemical 
activity of the current was soon noticed. By its 
help Davy decomposed the alkalis and earths ; 
and Berzelius made use of the phenomena of 
electrical decomposition for tho foundation of a 
theory concerning cliemical compounds, which 
rested on the supposition that chemical attrao- . 
tion was nothing but tho attraction of the oppo- 
site electricities concentrated on the smallest 
parts of substances. 

The electro-chemical theory of Berzelius was 
the first chemical theory which was based on 
facts. Owing to this it obtained great import- 
ance. Taking into account^ the needs of the 
time, Berzelius developed his theory only with a 
view tow’ards classification ; but it did not con- 
tribute anything towards tho investigation of the 
nature of chemical affinity. ^ 

Tho last great change in the view® concern- 
ing affinity took place in the middle this cen- 
tury, and was brought about by Mayer’s and 
Joule’s discovery of the equivalence of ‘forces,* 
or more strictly, of ‘ the actions oi forces.* It 
'/as recognised that chemical affinity was to bo 
classed with mechanical, electrical, and Aormah 
energy, in so far as it is convertiWe into any ol 
these, and can be produced from each of thexfl^ 
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ImQWtt, ih«; need fofmee 
mode nl f^tion <>! the forces of affinity to 
l^oV^ ftctinpa of forces ceased to exists as a 
jjjreai many inferences could ho drawn from this 
experimental' fact, and a special hypothesis did 
not seem called for. 

Ts^) different views have b^n held concern- 
ing the way in which Chemical forces act, and 
each of these has still its followers at the present 
day. First it was imagined that the force acting | 
between two different kinds of matter is similar 
to that acting between two masses ; it brings 
the ultimate particles nearer together, and, if 
under the given circumstances this is possible, it 
produces combination. It would be diflicalt to 
entertain different ideas concerning the simple 
process of combination. The task becomes far 
more difficult when it is a (piestion of simulta- 
neous decomposition and combination. Very 
often a substance acts on another which is a 
compound without combining with it as a whole, 
but only combining with one of its constituent 
parts, and expelling the other from the original 
compound. The hypothesis indicated above re- 
fers those facts to the opposite action of two 
forces, similar to two mechanical forces opposite 
in direction and unequal in magnitude, which 
produce motion in the direction of the greater. 
It was imagined that the stronger chemical 
affinity overcame the weaker, and produced 
chemical action in its own direction. 

It was in accordance with this conception that 
* tables of affinity ’ were compiled which were to 
give an account of the force of chemical affinity 
according to its order. Such tables were first 
published in 1718 by II. Geoffroy. They con- 
tained, under the head of any one substance, a 
series of others, all of which could enter into 
chemical combination with the specified body. 
They were so arranged that the preceding body 
would always replace all the following bodies from 
their combinations with the one at the head of 
the h'st. Such tables of affinity, which were very 
popular during the last century, culminated in the 
works of Bergmann, who collected the ideas in- 
dicated above in a theory of affinity. Bergmann 
recognised that substances can rea<Jt differently 
according to circumstances, and therefore he 
gave tl^o tables for each substance, one for the 
action in aqueous solution — * in the wet way ’ ; 
the other for the action at the temperaturo of 
Itision — ‘ in the dry way.’ Beyond this he kept 
to the idea that chemical affinity always acts 


eouifiotiBdtf Moordingita fixed proporticmi 
do hot exist, but only such as vary in eomposi- 
tioh within fixed limits— wa^proved to be false.^ 
The proof of this error which (was given by 
Proust^ Berthollit’s compatriot, brought also 
the correct foundation into discredit. To thia 
must be added, that in the discoveries of Bichter, 
Dalton, and Berzelius, the science found such 
important and productive tasks that there was 
no inducement to investigate what of truth was 
left in the partially refuted hypothesis of Ber- 
tliollet. The idea of ‘ influence of mass ’ is the 
first, but not the only, conception which the 
science owes to Berthollet. This chemist fur- 
ther recognised the decided influence of the 
physical states of the reacting bodies on the 
final results of the actions of affinity. He 
taught that the simple action, according to the 
measure of affinity and mass, holds only for 
homogeneous mixtures, but holds no longer when 
by the appearance of certain substances in a 
different state of aggregation the chemical equi- 
librium is disturbed. The influence of ‘ cohesion * 
and * dasticitd,' on the results of chemical ac- 
tions, wore explained by him perfectly clearly ; 
how first equilibrium is established in the usual, 
manner, but is afterwards disturbed by one of 
the substances separating out in a different state 
of aggregation ; in consequence of this, a fresh 
quantity of this substance is formed, and is 
again separated, and thus the process repeats 
itself until the substance in question — gaseous 
or solid -has been entirely, or almost entirely, 
removed from tlie changing system. A chemical 
reaction carried to completion, which had been 
taken by Bergmann to bo the normal case, ap- 
pears, according to Berthollet, as the exceptional 
case, and occurs only because of differences in 
the states of aggregation ’of the reacting sub- 
stances. 

The decision between these two fundamen- 
tally different views has not yet been completely 
made. Even now, Bergmann’s theory is pro- 
pounded by some t’nveatigators, though in a 
somewhat modified form. In place of the 
greater or smaller affinity, the greater or smaller 
production of heat is considered by these inves- 
tigators as decisive of the course of a chemical 
action ; the fundamental idea, however, the * ex- 
clusiveness ’ of the reaction, is presupposed by 
them also. In order to explain those partial re- 
actions in the opposite direction, which certainly 
occur, those who maintain the theory of Berg- 


exolusively in one direction, so that under ail 
oiroumstanccB a smaller affinity is overcome by 
A greater. 

To Claude Louis Berthollet is due the great 
^ zneHt of having shown this view to be too nar- 
row. According to^’him, besides ‘ the intensity 
' of the forces,’ the * mass ’ of the reacting sub- 
;^ftanceB is of importance, in so far as under the 
lyibme conditions the action is the greater the more 
i%acf(ng substances there is present. * Toute 
gp wtonce tend d entrer en comhinaison, agit 
|H raUon w son afiniU et de sa quantiU * (Sta- 
ehimiquet^. 2). This is the concise expres- 
r mh of the new idea which Berthollet introduced 
' into the theo% of affinity. But it was reserved foir 
a mnohi^ter time to develop this idea scienti-^ 
fiOaUy, since one of the chief applications which 
i|f BQthor made of it— namely, the inlereaoe 


mann are obliged to admit that such partial re- 
actions are possible under certain conditions, 
notably under the influence of heat. These 
authorities are therefore under the necessitjr of 
proving the presence of such special conditions 
in all those cases wherein wei^deal with incom- 
plete reactions. Berthollet’s theory, on the 
other hand, by making use of one and the same 
principle, embraces both kinds of chemical ac- 
tion, and teaches us to consider the one as the 
limiting case of the other. Apart from thia 
logical advantage it Jjias another ; it allows os 
to apply definite laws, which can be. stated in a 
mathematical form, to the action of affinity 
taken in conjunction with the action oft mass. 
^But this cannot bo done by Bergmann’s theory, 
whether in its old or in its new form, . y 
\ BerthoUdt’s views met with repipeet aaid 







tiQiilkaltliiw A<i3 4«v«l<>pm«txt ; tkeomee otxft- 
io^ry bdgra itii tl^B iimd to folldv ^^ottier ^th 
whieh had be0 opened up by Dalton and Ber< 
BeliuB^ Thus it was possible! for the i(Canda- 
mental fact of the influeno^ of mass, the fact, 
namely, that chemical acti(m decreases and in- 
creases with the relative quantities of the acting 
Bubstahees, to be denied ; and it became neces- 
sary to prove this fact at length by many special 
eases before it could be regarded as a secure 
property of science. One of the first investi- 
gators to whom the merit of this proof is duo 
was H. Bose (P. 82, 515), who showed that in 
the formation of many carbonates of the heavy 
metals, by precipitating acjueous solutions of the 
salts of these metals by sodium carbonate, the 
precipitates contained less carbonic acid and 
more metallic hydroxide thn more water was 
present in the original solutions. It followed 
therefore that the water, according to its quantity, 
expelled the carbonic acid from its combination 
\rith the metal. Bose found further (P. 91, 181 ; 
95, 96) that when bariinn sulphate was fused 
with an equivalent quantity of potassium car- 
• bonate it was only partially converted into car- 
bonate. If the quantity of potassium carbonate 
was increased, appreciably more barium sulphate 
was decomposed, but only with a proportion of 
6 to 7 equivalents did the decomposition become 
approximately complete. 

Another case of the influence of mass was 
investigated by Bunsen {A, 85, 1.31). If to a 
mixture of carbonic oxide and hydrogen a 
quantity of oxygon is added, less than sutlicient 
for the complete combustion of tlio two gases, a 
division of the oxygen between the two com- 
bustible gases take place. Tlie proportion in 
which tlie oxygen Combines with citlior gas 
depends on the relative masses of these gases. 
Bunsen’s further result, that these proportions 
can be expressed by some small multiples of 
the atomic weights of the gases, has been re- 
cognised to bo an error. cDebus (A. 85, 103) 
proved in Bunsen’s laboratory the fact of the 
influence of mass on the precipitation of mixed 
solutions of lime and baryta by insuflioient quan- 
tities of carbonic acid. In 18G5 Gladstone (Tr. 
1855, 179 ; and C. J. 9, 54) proved the general 
truth of the influence of mass in various ways. 
His method consisted in using certain dc/inite 
physical properties, especially colour, and the 
rotation of the piano of polarisation of a ray of 
light, from measurements of wliich to draw con- 
clusions concerning the arrangement of com- 
pounds in a homogeneous solution. Thus, by 
comparing the colour of pure ferric siilpliocyanide 
with the colour produced in mixed solutions of 
iron salts and pJtftssium sulphocyanide, the same 
amount of iron being present in both solutions, 
be established the fact, that by the reaction of 
three equivalents of potassium Sulphocyanide 
and one equivalent of an iron salt, only 13 per 
cent; of ferric sulphocyanide was formed, and 
that even in the presence of 375 equivalents of 
potassium sulphocyanide the whole of the iron 
bad not been converted into sulphocyanide. j 
this and similar methods Gladstone esta-^ 
Uishdd the following laws : , i 

When two or more binary oompounds are ' 
' tM all molting compounds have the 


^w^ on ele^ro- 

positive element antere into combination idik 
each' electronegative .element^ and it does so 
according to flxed and constant proportions. 

2. These proportions are independent of the 
manner in which the different elements are ini- 
tially arranged. They are also not only the 
resultants of th§ varicBis forces of atttaction 
between the different substances, but depend 
also on the mass of each of these substances. 

3. An alteration in the mass of one of the 
binary compounds produces a change in the 

I quantity of each of the other binary compounds, 
and it does so in a ratio which progresses regu- 
larly. Sudden changes occur only when a sub- 
stance can combine with another in more than 
one proportion. 

4. The equilibrium of aflinities is generally 
established alter a very short time, but in some 
cases the elements attain their final condition 
only after hours. 

5. The resulting effects are completely al- 
tered when precipitation, volatilisation, crystal- 
lisation, and similar phenomena, occur ; in such 
cases the equilibrium which had been established 
at first is again disturbed by the removal of 
some of the chemically active substances. 

Ilarcourt and Esson (C. J. [2] 5, 460) ox- 
aminod the reaction between hydrogen peroxide 
and hydriodic acid, and also that betsveen potas* 
sium permanganate and oxalic and sulphurio 
i acids. They concluded that ‘when any substance 
j is undergoing a chemical change, of which no 
condition varies except the diminution of the 
changing substance, the amount of change oc- 
curring at any moment is directly proportional 
‘ to the quantity of the substance.’ 

I The principle, first established by Steinheil 
; (A. 48, 153), of determining the chemical com- 
position of a homogeneous liquid by means of 
: physical measurements, was put to practical 
: use by Gladstone in various ways. His measure- 
I ments might have served as a direct basis of a 
J theory concerning the influence of mass, 

I such a theory existed. But even the^ extensive 
i investigations of Berthollct and St. Giles on the 
I etherification of acids and alcohols (A. Ch. 61, 

’ 05 ; 66, 68), by which the chemical influence of 
mass had been confinned and the magnttude of 
this inlJuenco had been measured, did not give 
rise to the formulation of a mathematical theory 
of affinity. 

Meanwhile a number of theoretical concept ■ 
tions, some of old standing, were pointing u ; 
the same direction. As far back as 1851, 
liamson (A. 77, 37 ; and C, J. 4, 110) in hm 
fundamental researches on etherification, 
propounded a theory concerning the oonrso pt , 
chemical reactions, which explained, better tiban 
had been done before, the nature of the ohemio^ 
influence of mass. According to him, substaneps 
which react on eaoh other, when in contact Cff 
mixed together, are by no means ui a«Bta# 
neutral equilibrium, but rather in (me inyolvbg 
a continuous exchange of constiments. Tl^ 
final result of the reaction depends on the 
tion in which this exchange of oonstitnents epn 
< take place most easily and most fAquently. ^ 
state of chemical equilibrium arrived^at upapr 
any conditions is thus not a statical one, in whl^ y 
the forces balance eaoh other and so no : 
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p^QOe any ctfeoi, but ia ratheif a dynamioaS 
5ta^, ill which two opposite reactions occur oou- 
tinueJly to the same extent, so that the average 
state of the system remains Jbhe same. 

Williamson’s theory was accepted for the 
m^ial case for which it had been propounded. 
Neither the author nor any of his contemporaries, 
however, made an applibation of it to the general 
explanation of chemical reactions. Meanwliile, 
h^^theses were developed on an entirely 
different basis, which agreed with this theory in 
a most remarkable manner. These are the 
views concerning the gaseous state, which, first 
propounded by D. Bernoulli, and afterwards, in- 
dependently, by Herapath, Joule, Kronig, and 
ClauMus, were developed by Clausius and Max- 
well in a mathematically well-founded theory of 
the states of aggregation. According to this 
theory, bodies are made up of molecules, which 
are in a state of continual motion. In the case 
of gases this motion is rectilinear, until the 
molecules meet with some resistance, whereby 
they are caused to rebound according to the laws 
of collision of elastic bodies. The velocity of 
motion increases with the temperature, and is 
inversely proportional to the square root of the 
molecular weight of the gaseous body. Like- 
wise, there is motion within the molecules, wliich 
motion is of the nature of oscillations, the in- 
tensity of which bears a constant ratio to the 
motion of the nrolecule as a whole. Moreover, 
at any specified temperature, the molecules of a 
homogeneous gas have not all the same velocity, 
but have different velocities varying from the 
mean value in such a manner that deviations from 
this value are the fewer the greater they arc. 
In the case of liquids, the molecules have no 
longer the power of translational motion, but 
are compelled to fill a definite space owing to 
the forces which act between them. In other 
respects the statements made for gases hold good 
for liquids also, especially those referring to the 
differences of condition of the various molecules 
of a homogeneous substance at a constant t(!m- 
perature. The theory has Ijccu least developed 
for the case of solids; here it is to be assumed 
that the intermolccular forces assign to tlie 
various molecules very definite relative positions 
of equilibrium (y. AGGRiiOATioN, States of, p. 87). 

The apX'Hcation of these ideas to chemical 
processes has been made by L. Pfaundler {P. 
131,55). It can easily be seen how they directly 
lead to conceptions which do not appreciably 
differ from those of Williamson. The molecular 
conceptions are, however, a decided improve- 
ment on those of Williamson, since, in the 
differences of the conditions of various mole- 
cules, they supply g reason for the continuous 
interchange of atoms which Williamson supposed 
to occur. When the velocity of motion exceeds 
a certain amount, there will always be present 
some molecules in which this velocity is so great 
that tBe Connection between the atoms is 
loosened oj destroyed. These molecules are 
then ready to interchange their constituent 
atoms, while other molecules, which have a 
smaller velocity, will not do so. This is the 
explanation for partial reactions. The 8amej> 
oonceptitns, when slightly modified, lend them- ' 
selves to the explanation of the influence of mass 

to that of reversible reactions. 


At the same time ae thetfe hypothesee coo< 
eeming the mechanism of chemical processes 
were developed, Guldberg amd Waage (EtutkS 
mr Us AffiniUs cMmimeSi Chrfstiania, 1867) 
laid the foundation for the exact development of 
the theory of affinj^y by establishing a mathe- 
matical law for the influence of mass. Their 
work marks an epoch in the history of affinity. 
It was they who first gave a possibility of deter- 
mining numerically the intensity of chemical 
affinities, though at first only as relative magni- 
tudes. 

The law established by these two investigators 
states ‘ that chemical action is proportional to 
the active masses of each of the substances 
participating in the reaction.’ By ‘ active mass * 
is understood that quantity of the substance 
participating in the reaction, measured in 
equivalents or in molecular weights, which is 
contained in unit volume of the system. This 
is the same idea as underlay the views of 
BertholJot ; it is the same, only freed from the 
errors which were attached to it in his time and 
thrown into an exact mathematical form. 
Guldberg and Waage lay special stress on the 
fact that, when the action of several substances^* 
on each other is proportional to the active mass 
of each separately, the intensity of the reciprocal 
actions among the substances is measured by the 
product of these masses. 

In their earlier paper Guldberg and Waage 
developed the equations for the chemical equili- 
brium of opposite reactions by putting the 
chemical forces as pro 2 )ortional to the product 
of the active masses. On the other hand, as 
proportional to these same forces they put the 
velocities of the reactions, i.e. the relation be- 
tween the ijuantity of substance changed and 
the time necessary to clfect the change. In 
their later papers it was found better to refer the 
considcratioDs, not to the forces, but to the 
velocities of the reactions, since these are capable 
of exact definition, and to leave out of account 
altogether the somcfiliat vague idea of chemical 
forces. According to this conception, chemical 
equilibrium results when the velocities of the 
opposite reactions have become equal, i.e. when 
the quantity of substance undergoing a certain 
change is equal to the quantity formed by the 
reverse process. It is evident that this is the 
same theory as had been framed by Williamson, 
and developed by Pfaundlor. The empirical 
law of the influence of mass thus receives a 
reasonable foundation in the molecular theory 
of matter. The effect is proportional to the 
active mass, because the number of molecules 
which cun react is proportional to the mass. 
On these lines Van’t Hoff [B. 10, G69) has de- 
duced the law of the influetft'B of mass. He 
retains exactly the form given to it by Guldberg 
and Waage ; jind in a later paper (J. pr. [2] 19, 
69) these authors accepted this formal improve- 
ment. 

In the following parti propose to give a short 
systematic review ofrchemical kinetics, or the 
doctrine of the course of chemical actions, and 
to deduce from it the conditions and equations 
of chemical equilibrium; further on, the theo- 
retical oonfeptions thus gained will be used in 
the practical determination of the magnitudes of 
aiAjjities. The theoretical part is boM* mainly 
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above, boQk reoentiy publiebed by^Van’t 
iBofl [Etudes, de PyHamique chvnvique) ia also 
of importanoe^and has been of great use to the 
author, though he by no mean* agrees v^h the 
whole of its contents. 

Chbmioal Kinetics.— Lex us suppose some 
substance to be undergoing chemical change. 
Then in any time, dt, some quantity, dx, will 
have been changed. Wo define the velocity of 
the chemical reaction, c, as the ratio of the 
quantity changed to the time taken for the 

change, and we therefore put c = ^. The quan- 
tities of the reacting substances are in every 
case measured by formula-weights. 

The quantity of substance changed will be 
dependent on many conditions. Among these 
we find such as are constant, or can bo kept 
constant, during the whole process. Such are 
temperature, pressure, volume, &c. One condi- 
tion, namely, the quantity of substance under- 
going change, necessarily varies during the pro- 
cess, and we have to find an expression for the 
velocity of the change as a function of this 
•quantity. This may be done by putting 

where the constant factor h represents the con- 
stant conditions, and / (a:, a*,) the conditions vary- 
ing with the quantities a*,, • • • ConcciJiing 

the form of the function / (a;, information has 
been sought and found in various ways. All 
the results arrived at are concordant, and show 
the function to bo one of direct proportion. This 
result has been arrived at empirically, and also 
theoretically as a deduction from various assump- 
tions. Childberg and*Waage did the first ; Horst- 
mann, and others after him, showed that for 
certain cases, especially for gaseous compounds, 
the law of direct proportionality between chemical 
action and mass follows as a necessary conse- 
quence from the second law of thermodynamics. 
Gibbs has made this result perfectly general. 
The kinetical theory of the constitution of matter 
leads to the same result, by considering the pro- 
babilities for the occurrence of those arrange- 
ments of particles which make chemical change 
possible. 

Before, however, the proof for the law of 
direct proportion between chemical action and 
mass can bo attempted we must distinguish be- 
tween the various types of chemical reactions. 
As a rule, chemical action does not take place in 
the presence of one substance only, but more 
than one is needed to bring about the final result. 
Since the final result is proportional to the mass 
of each separat^Jy, we have quite generally 



where aJa; x arc the qiftintities of tho 

various substances, and x the quantity of sub- 
stance formed by their reaction. All these quan- 
tities are measured accorcjjng to the ratios of the 
molecular weights of the various substances. 

The simplest case is that in which one sub- 
stanee only undergoes change during the r^ac-., 
tion, or that in which the change of only one. 
saltotance has to be taken into account. The 
first ease ooonrs when, lor examp^, a substaneA 


n 

is ds^posed^orwh^n it imder^es amoleonlar 
tr^sfomation ; the second oebura when the 
other Bubstances participating in the reactionare , 
present in such quantities that the diminntion of 
them occasioned bythe ohemioal change is not ap- 
preciable. Since, then, the factors « a; 

disappear or become constant, we have 
* dxs T 

The velocity of the reaction at any instant is 
proportional to that quantity of substance un- 
dergoing change which is still within the sphere 
of action. 

This equation was first established by Wil- 
helmi (P. 81, 41.3) in 1850 for the inversion of 
cane-sugar. Since that time it has been con- 
firmed in many ways. In order to compare it 
with the empirical results it must be integrated. 
If we put the quantity of substance present at 
the beginning of tho change = a, then, after any 
time a quantity x will be decomposed, and, 
since we are dealing with molecular units, x will 
at the same time represent the quantity of the 
product of decomposition formed. The quantity 
x^ of substance present at tho time t is (a—x), 
and we have therefore 

( 1 ) 

a—x 

—log (a — x) + constant, 
whore log represents the natural logarithm. In 
order to determine the constant of integration, a 
definite pair of values for x aiidt must be taken. 
We put both simultaneously equal to zero, t.c. 
we begin the time from the instant when the 
decomposition begins, and thence we get 
- log a - constant, and 

log a— log (a— a;) = * 


a-x 


In order to pass from the natural to the common 
logarithms we have only to multiply tho con- 
stant k by its modulus. 

Some series of experiments illustrative of 
this equation will now be given. The first of 
these refers to a simple decomposition, the 
change of dibromosuccinio acid into dibromo- 
maleic acid and bydrobromic acid, ^ 

an. J3r.,(COOH)3 = C JIBr(COOH)2 + HBr, 
a change which occurs in aqueous solution at 
100 \ This reaction has been studied by Van’t 
Hoff [Etudes de Dunaviique cliimique^ p. 13). 
The progress of tho decomposition can be traced 
by titrating with standard alkali. The amount 
of alkali required for neutralisation before the 
action began was 10-25 (arbitrary units), and 
when the change was finished the amount of 
alkali was 15*32. Tho eacess of alkali used, 
over 10-21, at any stage of tho change is put as 
equal to x. For a we have 6*11, since two 
equivalents of dibromosuccinio acid give one 
equivalent of bydrobromic acid. Va%’t re- 

sults are presented in the table given on next page. 
The constancy of the Vhlue of fe,tis shown in 
the last column, furnishes a proof of the trath 
of the equation used. 

A second series of experimentfi dealing with 
the inversion of cane-sugar by means of snl- 
phurio acid is taken from the experimftits of W. ’ 
Ostwald (/.pr. 29, 394). The action ia one of 
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10*91 

0-00 
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10*53 

0*82 ' 

0*0281 

0*0141 

' 4 ' ■ 

10-79 

0*58 

0*0524 

0*0131 

' :« 

11*05 

0*84 

0*0776 

0*0129 

8 

11*25 

1*04 

0*0988 

0-0124 

10 

11*65 

a-34 

f 0*1320 

0*01.32 

18 

11*04 

1*73 

0*1795 

0*0138 

18 

12*29 

2*08 

0-2*269 

0*0142 

19 

12*53 

2*31 

0*2612 

0*0138 

89 

12*84 

2*63 

0*3116 

0*0143 

26 

13*03 

2*82 

0*3187 

0*0131 

80 

13*30 

3*09 

0*4027 

0*0135 

84 

13*57 

3*36 

0*1647 

0*0137 

89 

13*71 

3*50 

0*5009 

0*0129 

45 

14*05 

3*84 

0*0038 

0*0135 

52 

14*33 

4*11 

0*7077 

0*0137 

60 

14*52 

4*31 

0*8011 

0*0135 

71 

14*69 

4*48 

0*9l!00 

0*0128 

90 

16*03 

4*82 

1*2111 

0*0138 


the type called catalytic, Le. the substance which 
brings about the change (in this case sulphuric 
acid) does not itself undergo any change. The 
8ngar» by taking up water, is changed into 
dextrose and lajvulose. The rotatory power 
changes in the same proportion as the decoiu- 
position proceeds ; the course of the change cau 
therefore be traced by means of the polariscope. 
The original solution rotated 25*^04' ; when com- 
pletely inverted it rotated — 8°15', so that tho 
total angle passed through was 33®19'; this 
number is at the same time the measure of the 
total amount of sugar, and must tlierefore be 
put =* a. For x wc have the difference 25''’0 1' — le, 
where w is the angle of rotation produced by the 
iolution undergoing change at time t. 


1 (odnutes) 

te 

X 


k 

58 

20°20 

4*81 

0*0C81 

0*0001180 

114 

16'^28 

8*78 

0*1331 

1168 

197 

11°34 

13*70 

0*2315 1 

1175 

263 

8^30 

16 74 

0*3052 

1161 

894 

3^35 

21*09 

0*4602 

1!69 

585 

-1-39 

26*13 

0*6909 

1182 


Similar experiments have been made for many 
other oases and have given like results. For 
lion-reversible chemical reactions, which depend 
f on the quantity of a single substance only, tlio 
above fcrmula holds good quite generally ; it can 
however be proved only in the case of reactions 
which are sufficiently slow to allow of measure- 
nent. 

A second main division of chemical proces.ses 
.Is formed by those which involve the presence 
of two different substances. In such cases the 
general eq\fation (1) takes the form 

Two cases have to bS distinguished here ; either 
the quantities of the reacting substances are 
•quivalent with respect to the chemical change 
• oonsidered, or one of thorn is present in excess. 
PafCing<hAe quantities « a and 6, then either 
or a> In the ^rst case we have to put 
and we get 


iniegratiifg 


dx 

dt 


»k(a-xY 






( 8 ) 




Oh iibp^^bnrAs before* 

J)^]pdporiiions of this fijqghave oft^ 
investigated experimentally. ^%example^feni 
here series cl experiments by Ostweld 

27, 1), on the decomposition of acetamide lay 
acids, especially ]fy trichloracetic acid. This 
change takes place according to the equation : 

CHvCONHj + CClj.CO^H + H,0 
CCI3.COONH, + CHa.COaH. 

Tho quantities both of acetamide and trichlor- 
acetic acid diminish, with production of inert 
ammouium tr ichloracctate, and acetic acid, which 
acid under tho conditions of the experiment 
exerts little or no influence on the change. ^ 
tho following table t stands for tho time in 
minutes, x for the quantity of ammonium salt 
formed (or, what is the same thing, for the 
quantity of acetamide decomposed) measured in 
units such that the total quantity a = 2C'80. 


t 

X 

X 

a—x 

ok 

15 

.3*13 

0*132 

0*0088 

30 

6*52 

0*260 

0*0087 

45 

7*61 

0*397 

0*0086 

60 

9*23 

0*525 

0*0088 

DO 

12*01 

0*811 

0*0090 

120 

13*82 

1*065 

0*0089 

150 

15*51 

1*375 

0-0092 

130 

16-59 

1*623 

0*0090 

240 

18*33 

2*169 

0*0090 


These results show that tho quantity 

= .® - 
t •” flJ 

is constant, as is required by theory. 

A second series of expefiments by if. Wardef 
(B. 14, 1361) on the saponification of ethylio 
acetate gave similar results. Equivalent quan- 
tities of cthylic acetate and soda were mixed, 
and portions taken from time to time were neu- 
tralised by dilute adfd. The quantities of acid 
used— these will be called s — give the quantities 
of the substances not yet decomposed. In each 
experiment the soda alone would have used 
10*00 c.o. of acid ; hence wo have a == 16*00 and 
a; = 16— s, therefore also a-x-s 


t (minutes) 

1 

X 

X 

a—x 

ok 

5 

10-21 

5*76 

0*563 

0*113 

15 

6*13 

9-87 

1*601 

0*107 

25 

4*32 

11*68 

2*766 

0*108 

35 

8*41 

12*59 

3*69 

0*106 

55 

2*31 

13*69 

5*94 

0*108 

120 

1-10 

14*9 

«.*55 

0*113 


Again dk is sufficiently constant. When a and h 
are different, 'a;, becomes a— a;, and a;, becomes 
6— a;; then 

^«k(a-a:)(b-a!)«^f{a;*-(a + 6)» + ab} (6) 

the integral of this equation is 




(a-h)kU 


•( 6 ) 


The vaUdity ox this equation has been proved bj 
T^ Flood (P. JIf. TO 6, 871). -- 

% 
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■^hm two typai.ol non-Mvenibla ehemioal 
utions which have been lust considered oom- 
ptiae all non-reve^ible actions which have been 
aoonrately stadied. To be consistent, we must 
aasnme that in ohemloal reactims which^volve 
more than two, say three, substances, an equation 
oon^esponding with those ^ven ought to hold 
good. Thus when three substances are present 

in equivalent quantities, ^ = /ti:(a-a:)®; and 

But no reaction has been observed with suffi- 
cient certainty the course of which proceeds 
according to this, or according to a higher, equa- 
tion. 

Moreover, a complication may arise from the 
simultaneous occurrence of several reactions. 
For such a case the principle of the ‘ coexistence 
of reactions ’ is important ; this principle states 
that every reaction proceeds as if it alone took 
place. This principle is of paramount import- 
ance ; it forms the connecting link between the 
simple reactions, and those of so-called chemical 
^equilibrium. For the mathematical expression 
of the coexistence of reactions, when one and 
the same substance is alTocted by the various 
changes, wo have the following, 

+h'x\x'^... +k%"x./\,. 

If, however, the coexistent reactions take place 
among different groups, which are themselves 
without effect on each other, the equation of 
velocity has to be developed for each separately 
without regard to the others. 

No experimental investigation of the law of 
coexistence has as yet been publislicd. The 
applicatidn of this li^v in the theory of affinity 
leads, however, to results which agree with ex- 
perience, and the law may therefore be considered 
to be experimentally proved. 

Beversible Bc#ction8. 

The processes investigated above frequently 
represent only one part of the actual reactions. 
In many cases the substances formed mutually 
react to reproduce the original substances. In 
such cases the process does not end with de- 
composition; but a permanent final state is 
arrived at in which the original substances, as 
well as the products of their double decomposi- 
tion, are coexistent. In such a case the final 
system is said to bo in chemical e<iuilibrium. 
Here we have to consider on the one hand the 
vdocity of the reaction, on the other hand the 
proportion of the masses for which chemical 
equilibrium results. As aids in the first part of 
this inquiry wo ffifve the equations given above, 
together with the principle of coexistence; in 
investigating the second part of tl^e problem we 
have the following oondition;— chemical eq:iili- 
brium results when the velocities of the opposite 
reactions have become equal. 

The establishment of olwmical equilibrium is 
connected with the second type of chemical reac- 
tions [equations (3) (4), and (5) (6)], respectively, 

^ Fot tils velocity of ea^h of the reactions we have 

dsif dxf' • 

jf " df " * 


and eqaiUbd^ 

This is the equation first established by Guld- 
berg and Waage. Putting the initial quantities 
of the substances as q, p', and q\ w'hen the 
substances p' an(^q' are formed by the reaction 
of p and q and vice vefsA^ equilibrium wiU re- 
sult when a certain quantity 4 of p and q has 
been decomposed. Then the quantities p—{, 
S'— + q' + ^ are in equilibrium; and { has 
the same value throughout, since the quantities 
p, q, &c. are measured according to equivalents. 
The quantity | may be positive or negative. 

The equation of eiiuilibrium then takes the 
following form : — 

i'(p-f)(7-{) = J/>V{)(i' + {)i (8) 

from which a value for f is found, 
t .= h'{p + q) -\-l^{v'^q'] 




h'{p + q) + k''ip' + q 
2[k‘~~¥') 


•y k'p'q' -k'pq 


h' 


k" (9) 


The minus sign holds when 
and vice versd. 

By making certain assumptions, this ex- 
pression may be considerably simplified. If at 
the beginning of the reaction the substances p 
and q only are present, in equivalent quantities, 
p = q and p'-q'- o, and it follows that 


(~p 


VS 

VI 


(3a) 


The equation of velocity takes the following 
form. The resultant velocity ^ is the differ- 
ence of the partial velocities : 
dx 

^-‘k'(p-x)(i-x)-!i-’(p' + x)(ti'+x) (10) 

Introducing a new constant h we have 
• k'{p + q) + k''{p' + q') ^ 

k'-k'''~ 

the equation can then be brought to the fbrm 
and from this by integration, we obtain 

(11) 

The form of this equation is analogous to 
that already deduced for simple reactions' . 
(equation (G), p. 72). If now it is assumed, at 
before, that p = q, and p'=f'=ao, ( assumes the 
simple form given in (Oa) 


and h=p 


Vp 


v&-> . 

The preceding equations are deductioniv 
from the laws of the influened of mass, and 

f the coexistence of chemical reactions. ^ Both 
laws are of about the same importance in th* 
theory of affinity as the laws of gravitlbion ana 
the coexistence of motions are in astronAmvL 






Sadi in^’ddaal {tactical oaae teally comprises 
severiJ different relations; but there are com- 
binations in which so great a part of the result 
depends on one single caus^ only, that the ob- 
serVed phenomena may be represented almost as 
if this were the only cause. And as little as we 
doubt the law of gravitation because the motions 
of the moon cannot yetlje expressed completely 
in equations, so little have we cause to doubt the 
laws stated above because certain phenomena 
cannot yet be represented as simple deductions 
from them. 

We have hitherto assumed that the constant 
of velocity does not alter its value throughout 
the whole reaction. It is; however, not im- 
possible that reactions exist in which the reason 
for the change of k is to bo found in the chemical 
process itself; in such cases the problem be- 
comes considerably complicated. 

Chemical Bynamics. 

In general dynamics the magnitude of any 
force is defined and measured by the velocity 
which it imparts to a mass of known magnitude. 
Another way of measuring forces consists in esta- 
blishing equilibrium between the given force and 
a force acting in the opposite direction, which 
latter is of a magnitude already known or easily 
determined. This can be considered as a special 
case of the first method, as a case in which the 
velocity duo to the given force is reduced to 
nothing, by means of one equal in magnitude 
but opposite in direction. The second method, 
though not a direct one, possesses all the im- 
portant experimental advantages belonging to a 
zero method and is therefore the more usual. 
The measurement of the intensity of chemical 
forces can be accomplished by two methods, 
analogous to those employed in general dyna- 
mics. The more usually employed method 
(because of experimental advantages) is the 
Btatical, or the method of equilibrium, in which 
a chemical process is reduced in a certain pro- 
portion by another action occurring in the oppo- 


«nd an att^pi wai. then made to deter* 
mine the distribation of tne base between the 
competing aoide (or vice versd). Ordinary* 
analyses could give no informsafon as to this 
distritmtion ; siiftesaoh analyses could determine 
only the absolute quantities of the aoids and 
bases, and not their distribution. Steinheil (A. 
48, 153) (although with an entirely different 
aim) was the first to show how we must proceed 
in order to get a knowledge of the arrangement 
of the constituents of a solution without inter- 
fering with its composition. Since each of tho 
constituents of a solution changes the physical 
properties— such as density, refractive index, 
colour, &c.— of the solution, a knowledge of the 
laws governing these changes indicates how to 
solve the problem, by measuring a sufficient 
number of constants and forming the necessary 
equations. 

It has been already explained how Gladstone 
used these means for establishing a number of 
facts concerning the chemical statics of solu- 
tions of salts. He could not, however, utilise 
his measurements further, as there did not then 
exist a general theory of chemical affinity. Such 
a theory was first given by Guldberg and WaagOi 
{Etudes sur las A '^niUs chimiques, Christiania, 
18G7) and was also applied by them to a number 
of measurements. This theory has met with 
such wide confirmation that we hope to be able 
some day to reconcile with it those facts which 
do not appear at present to be in keeping with it. 

J. Thomsen (P. 138, G5) was tho first to 
apply the theory of Guldberg and Waage to the 
case of homogoncous solutions. He found that 
sulphuric acid when acting on soda gives a heat- 
j production of HI, 378 gram-units, while nitric acid 
! gives 27,234 units only. Now, when sulphuric 
i acid and nitric acid simultaneously act on soda, 

' all three substances being present in equivalent 
quantities, throe cases may arise. Either the 
I sulphuric acid exclusively combines with the 
i soda, or the nitric acid exclusively does so, or 
1 the soda divides itstlf between the two acids in 


site direction. This corresponds to the statical { 
method used in measuring mechanical forces. | 
Analogous to the kinctical method, of the method ; 
of velocity, is the process of obtaining a measure i 
of the^intensity of the acting forces by measuring 
the velocity of the chemical change. The two 
chemical methods are connected in a similar 
manner as the two mechanical methods, since, 
as has been shown above, the equilibrium of 
chemical changes can be regarded as the con- j 
sequence of tho mutual counteraction of changes 
which are equal in magnitude, but opposite in j 
direction. I 

Statical Uethods. j 

The first attempts to measure affinities wore 
made by Wenzel, in 1777 {Die Lehrevon dcr 
Chemischen Verwandtschaft, p. 28, Dresden, 
17J7). He used the method of velocities, but 
his prficels was very imperfect. His experi- 
ments relied to th^ solution of metals by 
various acids. Later experiments dealt almost 
'^exclusively with the affinity between acids and 
bascSf and w&ro mostly carried out by the method 
of equilibrium. I 

j^lu^ions of acids and bases were mixed im 
proportions such that different acids competed 
(gr an insufficient amount of a base, or vies 


some fixed proportion. In the first case 31,378 
gram-units of heat, and in the second case 
27,234 units, w ould be produced, while in the third 
case the heat-production would be represented 
by a number between these two. Therefore the 
number found by experiment gives a measure of 
the distribution of the soda between the acids. 

Similarly sodium sulphate is allowed to 
react with nitric a^id. If no chemical action 
results there will be no production of heat. If 
tho nitric acid combines with all the soda, 
liberating all the sulphuric acid, a disappear- 
ance of heat must result, numerically equal to 
the difference between tho two heats of neutral- 
isation; that is to say, 31,91/'8 — 27,234'»»4,144 
units of heat will disappear. If, however, a 
division of the base between the acids results, a 
quantity of ifeat less than 4,144 units will dis- 
appear. Experiment shows that 3504 units of 
heat are used ; therefore the soda divides itself 
between the two acids. 

If no secondary thermal action takes plac* 
between the substances used in the experiment, 
wo can deduce directly from these numbA'S that 

= 0'€&5 of the total quantity of sodium sol* 
4144 ' . . .* a 

p^te is decomposed. Free salpnuno acid doci^ 
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however, react wi^.eodiiihiV«tti|>hateKand 
action is accompanied by production of heat. 
Che extent of the reaction depends on the 
relative quantises of the reacting substances 
present. Thomsen has measured this effist for 
a great many proportions, %ad has expressed 
his results by the equation : 
n 

300 gram-units of heat; 

where n represents the number of equivalents of 
sulphuric acid present for each equivalent of 
so^um sulphate. By the help of this formula 
Thomsen found empirically that soda divides 
itself in such a proportion that ^ of it goes to 
the sulphuric acid, and J of it to the nitric acid. 
Calculating the heat production on this supposi- 
tion, the result is —3,547; experiment gives 
—3,504; the difference lies within the limit of 
experimental error. 

Guldberg and Waage’s theory gives an ex- 
tremely simple expression for this case. Since 
sodium sulphate and nitric acid were present in 
equivalent quantities at the beginning of the re- 
action, but sodium nitrate and sulphuric acid 
were absent, we have to put in equation (8) 
p = q = l andy=q' = 0; 
this gives 7i:(l - i) ’ = 

* _JL 

As { is the quantity of soda combined with the 
nitric acid, and (1 — |) that combined with the 
sulphuric acid, it follows that the ratio of the 
velocities of the reaction is equal to the square 
of the ratio of distribution. Thomsen calls the 
endeavour of the acids to combine with bases 
the avidity of the acids, and defines it by the 
ratio of ^stribution. According to this, the 
avi<hty of sulphuric !lcid is half as great as 
that of nitric acid, or putting the latter - 1, the 
avidity of sulphuric acid is = 0*5. The avidities 
are in the ratio of the square roots of the 
velocities of reaction. 

Thomsen {T}icrmoc}iemis0i^ Untersuchimgen, 
i. 808) has made further experiments concern- 
ing the avidity of other acids towards soda, using 
a method similar to that described above. His 
numbers are given in the following table, where 


idity of nitric acid has been 

put - 1*00. 

Hydrochloric acid 


1=1*00 

Hydrobromio „ 


0-89 

Hydriodic „ 


0*79 

Sulphuric „ 


0*49 

Selenio „ 


0*45 

Trichloracetic „ 


0*30 

Orthophosphoric acid 


0-25 

Oxalic „ 


0*24 

Monochloracetic „ 


0*09 

HydrofiuoflB „ 


0*05 

Tartaric „ 


0*05 

Citric „ 


0*05 

Acetic „ 


• 0*03 


Boric, silicic, and hydrocyanic acids do not give 
any appreciable values. 

Taking the squares of tliese numbers we got 
the relative velocities of the reactions between the 
acids and the soda, which values cannot be ob- 
tained^rectly owing to their ^eat magnitude. 

The question now presents itself as tp whether 
khe avidtfies thus found have constant values, 
or whether they ohange when a baft other ^>7 


soda is employed, ^omsen asade similar ex- 
periments for hydrochloric and sulphuric acids, 
using different bases 188, 407); viz. potash, 
ammonia, and magngsia, the oxides of manganese, 
iron, cobalt, nickel, zinc, and copper; for the 
avidity of sulphuric acid he obtained numbers 
which increase from 0*5 up to 0*8, and vary, for 
the alkalis between 0^ and 0*57, and for 
the bases of the magnesia series between 0*70 
and 0*81. These results induced Thomsen to 
conclude that the relative avidity of acids de- 
pends on the nature of the base. 

Berthelot (A. Ch. [4] 30, 516), however, 
raised the just objection that Thomsen’s method 
does not allow of the measurement of the 
relative avidities without the introduction of 
errors. The free sulphuric acid reacts on the 
neutral salt, forming acid sulphate, and thus 
loses part of its active power, and it does thia 
the more the greater the quantity of acid-sul- 
phate which can be formed. 

Thomsen’s experiments were repeated by W. 
Ostwald (P. Ergzhd, 8, 1(37 ; pr. [2] 19, 468), 
who used a different method based on measuring 
the changes of volume which accompany 
chemical reactions in aqueous solutions. The 
volume of the solution of a salt is different from 
the sum of the volumes of the solutions of the 
acid and the base, which by their mutual action 
produce the salt ; and further this change of 
volume is different for different bases and acids. 
If we use solutions which contain one gram- 
equivalent of the acid or base per kilogram of 
solution then the volume of two equivalents of 
soda is 1913*26 c.c., and that of two equivalents 
of nitric acid is 1933-25 c.c. ; the sum of these 
two is 384()*51c.c. ; but the volume of the corre- 
sponding solution of sodiumnitrate is 3886*05 c.c., 
that is to say, 30‘54 c.c. more than the sum of 
the volumes of acid and base, llepetition of the 
experiment with sulphuric acid gives an increase 
of volume of 29*90 c.c. only. Ilcnco the volume- 
changes can bo used for determining the com- 
position of the solution, in the same manner as 
the heats of neutralisation had been used by 
Thomsen. Kesults were obtained by this method 
exhibiting tlfe behaviour of nitric acid and sul- 
phuric acid towards soda ; these results agreed 
entirely with those of Thomsen. Thomsen’s- 
conclusion that nitric and hydrochloric acids are- 
stronger acids tlian sulphuric, acid — a result 
opposed to the older views —was thus confirmed 
by Ostwald. The same chemist investigated at 
length the question as to whether the relative- 
affinity of an acid varied with the nature of the- 
base. By experiments to which Berthelot’S ob- 
jection cannot apply, he arrived at the result 
that the relative avidity ofav^cid is independent 
of the base. Thus with hydrochloric and nitrio* 
acids he found the following numbers • 

Potash . . 0*97 

Soda . . . 0*96 

Ammonia . • 0*96 

Magnesia . 0*99« 

Zino oxide • 0*95 

Copper oxide , ^97 

The differences are not greater thdk the probable* 
rrors of the experiment. 

The question concerning the inflwnoe of 
temperature on the relative affinities of aoids 
has also bera investigated by Ostwald. On 
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WUeh bad foi^ thtf voliunfitno 

soda. The ratiapi the avidity 
^ a£lhity pt hydrochloric |oid to that of nitric 
acid toward} soda proved to be as follows J— 

At 0° . 1-02 

^ 20® . 0-96 

40® ^ 0^J8 

G0° . 1-00 

In both oases the number for sulphuric acid 
is not quite constant ; but, as already mentioned, 
this acid seems to be the stronger the less acid 
enlphate is formed, and vice versd. 

At a subsequent time Thomsen {Themioch. 
XJnters. i. 89) also attacked the problem of the 
, influence of temperature on relative avidities, 
« and arrived at the same results as Ostwald. 

The refraction of light was used by Ostwald 
as another method for determining the com- 
position of a homogeneous solution by means of 
its physical properties. Dale and Gladstone 
{T. 1863, 317), and also Landolt (P. 133, 1), 
showed that the function 1), in which n is 
the refractive index and y the specific volume of a 
liquid body, depends only on the elementary 
composition of the body and not on the tempera- 
ture, nor (within certain limits) on the chemical 
arrangement of the constituents of the body. 
Hence the specific volume is inversely propor- 
tional to the refractive index diminished by 1, 
nnd the volume-changes attendant on chemical 
reactions must be accompanied by opposite 
changes in the refractive indices. Experiment 
has most fully borne out these conclusions. 
The optical method is, however, less accurate 
than file volumetric method, when the ordinary 
apparatus only is used. 

The numerical results of Ostwald’s experi- 
ments are collected in the following table. The 
numbers have the same meaning as those of 
Thomsen given before (p. 75), i.c. they give the 
relative avidities of the various acids, imtting 
^hat of nitric acid = 1. 


Acid 


Thomsen 

Hitrio 

1-00 • 

1-00 

Hydrochloric . 

0-98 

1-00 

Trichloracetic . 

0-80 

0-3G 

Piohloracetic . 

0-33 

— 

Monochloracetio 

0070 

0-09 

Glycolic • 

0050 

— 

Formic • 

0-039 

— 

Oitrio • 

0-033 

— 

Acetic 

0-0123 

0-03 

Fropionio . 

00104 

— 

Butyric , 

0-0098 

— 

: Isobutyrio • 

0-0092 

— - 

Succinio • • 

0-0145 

— 

Blaho • • • 

0-0282 

— 

Tartario • • 

0-052 

0-05 


•’Thonften’s values ^have also been given as 
:fftr as they refer to acids considered here, 
■^ey agree as wsllas can be expected; tri- 
^loracetio ac^ alone shows an appreciable 
fliilerence. ^Biiomsen’s number for this acid is 
4 t 2 kdoubt 6 ^>^much too small; this has been 
proved jteyond doubt by other measurements. 

^ The ratios of avidities given in the preceding 
remain the same whether determined for 


" iSesidss these iditM ntethods sm hi 
general application to the oaae of solutions, 
somednvestigahirs have employed others, which ' 
can, however, be used only m special oases. 
Thus G. Wiedemann (W, 6, 46) has shown that 
from the magnetic properties of ferric salts in 
solution we can argue as to the amounts of these 
salts decomposed by the water into free acid and 
colloidal soluble iron oxide. This method is, 
however, restricted to the case of these special 
salts. A. Miiller (P. Ergzbd. 6, 123) has drawn 
conclusions from the change in colour as to the 
distribution of iron oxide between hydrochloric 
acid and sulphuric acid. Jelett (J. 25, 371) 
determined the relative affinities of codeine, 
quinine, and brucine, by means of the rotation 
of the plane of polarisation, and found for the in- 
fluence of mass the same law as had been es- 
tablished by Guldberg and Waage. The experi- 
ments of Dibbits (P. Ergzbd. 7, 462), Brticke 
{Sitz. W. 77, April 1877), and others, are of a 
more qualitative nature. 

Besides tliese statical methods, based on the 
determination of the composition of a homo* 
geneous solution, others are available in which 
the chemical reactions take place in heterogeneous 
media, viz. between solids and liquids, or 
liquids and gases, or lastly between solids and 
gases. The theory of those methods has been 
also given by Guldberg and Waage, and Ostwald 
has developed the methods for the purpose of 
determining affinities. 

According to Guldberg and Waage the 
chemical action of solids in contact with solu- 
tions is independent of their mass ; in other 
words, the chemical tnass of the solids it 
constant. Otherwise theelaws of thff influence 
of mass hold good. If, for example, an acid 
acts on the salt of another acid, which latter 
salt is insoluble in water (or more strictly, 
scarcely soluble), and with the base of which the 
first acid forms a gsoluble salt, then the same 
equation holds good as applies in the case of 
substances which are all soluble, with this ex- 
ception that the term corresponding to the in- 
soluble salt becomes constant or independent of 
X. Putting in the equation k.p.q >= 
p = hydrochloric acid, and q = calcium oxalate, 
then p' = calcium chloride, and 2 '=* oxalic acid. 

If the experiment is arranged so that hydro- 
chloric acid acts on an excess of calcium 
oxalate and that undissolved calcium oxalate is 
always present, then at all stages of the change 
oxalic acid and calcium chloride arc present in 
equivalent quantities. Putting the original 
quantity of hydrochloric acidsl, and that of 
th> oxalate dissolved = theal^uation becomes 
k(l - {)c = hence 






where c stands for the constant chemical mass 
of calcium oxalate. In this equation k, ahd 
c are unknown, while | can be measured directly* 
Bepeating the experiment with a different ^d» 
say nitric acid, a new expression of thsefolbl 

* ♦.«( — ^ 
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a luui^^ fame va^ t* 
refining oaloiam oxalate, ^Huoh Js oaed Itt 
faatli expef^ats ander the same co^^tion8. 
Pividiog tho one eqaatioO by the other we get 
the relatiye affinities « ^ 

expressed m quantities which can all be directly 
measured. This method has been used by W. 
Ostwald and his pupils for determining the 
relative affinities of various acids, and has given 
results which agree well with those found for 
homogeneous solutions. It has great experi- 
mental advantages over the physical methods, 
as the ordinary methods of chemical analysis 
can be used. The insoluble, or scarcely soluble, 
salts used were these; zinc sulphide^ calcium 
oxalatCf zinc oxalate^ barium chromate^ cream 
of tartar i and the sulphates of barium, strontium, 
and calcium. As a rule the coefficients of 
affinity thus determined for various salts agree 
very well amongst themselves, but there are 
some deviations which are not yet fully explained. 

As an example of the method the following 
numbers are given {J. pr. [2J 28, 493} ; these 
numbers were obtained by tlie action of acids on 
calcium oxalate, u substance lending itself 
particularly well to these experiments. Experi- 
ments were made both with normal and deci- 
normal solutions of acids. Nitric acid is again 
put = l. 


Acid 

Normal 

^Normal 

Hydrochloric . 


I'OO 

0*98 

Hydrobromio . 


0-95 

0*99 

Nitric 


I'OO 

1*00 

Chloric •, 

• 

1-04 

1*00 

Bulphurio . 


0-70 

0*74 

Formic . 


0*0259 

0*129 

Acetic 


0*0105 

0*735 

Monochloracetic 


0*051 

0*213 

Dichloracetic . 


0*183 

0*183 

Trichloracetic . 


0*012 

0*899 

Lactic 


0*041 

0*133 

Succinic . 


0*0205 

0*093 

Malic 


0*0505 

0*121 

Tartaric . 


0*0102 

0*141 

Citric 


0*0306 

0*144 


The numbers in the first column, which 
refer to normal solutions (one gram-equivalent 
in a litre), agree well with those before obtained 
by the volumetric method. Along with them is 
given a second series referring to solutions ten 
times as dilute. While the stronger acids ex- 
hibit scarcely any change by the dilution, the 
values for the weail^r acids have increased very 
considerably, and this the more the weaker are 
the acids. We shall consider this phenomenon 
at length later on, and find the^general law 
nnderlying it. 

Of further results which have been arrived 
at by ihis^ method one must be noticed as im- 
portant, viz. that the action dt the acids varies as 
they are present alone or along with their 
ttentra^Mits (J.pr. [3] 28, 209). 

each result was to be expected in the 
aaie ei dibaeie acids which combine vnth their 
tMvM ulti to tem acid lalte. •The mon^ 


a<dds>. boweyerf eidtibit no tendency to 
,o<Hnbine with t^ neutral ealts, and yet they 
too. jshow a change whieh in the ca^ of the 
strong acids, such as hydrochloric and nitric, is 
an increase in the Affinity. This increase is 
proportional to the quantity of the neutral salt 
present, and decreases rapidly with increasing 
dilution. This stttemeiia does not, however, 
hold for all monobasic acids, but only for the 
strong acids. The weak monobasic acids, on 
the contrary, are considerably more weakened 
by the presence of their neutral salts, and this 
the more the weaker are the acids. These facts 
are of great importance in tlic interpretation of 
experiments undertaken for the purpose of 
determining the relative affinities of acids by 
the division of a base between two competing 
acids. Since in this case the acids always act 
in presence of their own salts, this condition 
doubtlessly exerts some influence, making the 
strong acids appear stronger and tho weak acids 
appear weaker. This shows that too much im- 
portance must not be attached to the numerical 
values obtained by the preceding methods ; they 
certainly give tlie order of the affinities correctly, 
but the numerical values deviate from the true 
value in the sense that the largo numbers are 
too large and the small values are too small. 
Wo shall SCO later on that other determinations 
of the same quantities, which are more likely to 
give the true values, show deviations ia this 
sense from tho above numbers. 

Einetical Methods. 

The second way of measuring tho intensity 
of chemical forces is based on determinations of 
tho velocities of tho reactions produced by these 
forces. The theoretical introduction concerning 
this method has been already considered, and we 
have seen that many reactions proceed according 
10 a course which agrees well with that cal- 
culated from the influence of mass. 

This method does not, however, lend itself 
to direct applications to the majority of the re- 
actions investigated by the statical method. 
This statement applies particularly to the effects 
of affinity Ijptweeu acids and bases, because 
these processes arc of too short duration to 
allow of measurements being accurately gnade 
of their velocities. If, however, tho magnitudes 
in question can be measured by kinetical 
methods, this is because of a general and im« 
portant principle. 

It has been already shown that the nature 
of the base exerts no influence on the relative 
avidities or affinities of the acids which 
with tho base. If the affinity between an acid 
a and a base b is designated by /(a, 6), then the 
following equations hold gooik: 

f(a,b)JJa,b')JJa,V') 

Theso equations can be true only if each ex- 
pression / (a, b) is the ^oduct of heb factofti 
one of which depends onVie acid only and the 
other on the bass only^^B. 6)«^a).ip(6), 

The affinity between aciS^nd bases is 
therefore the product of speexj^L offini^f-oo* 
efficients. All reactions due to a^s and bases 
^ such must, on this view, be proportional 
^ong themselves. From this it follows that 
prooesses which, taken by themselves, haife 
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noihix^todo \iith ihe lormaiioa of , sails, mikl' dtiriog the leastien. isea waftar xe present in 
be employed for finding nnmeridai values for auoh excess (about 900 H 2 O to 1 HCl) that the 
the affinities which come into play daring the change in its mass is unappreoiable. Hence, ^ 
formation of salts, provided the reactions in there are no secondary reaction^ the change wiU 
question have been accomplished by the acids proo^d accbr^ng to equations (3) and (4). An 
and bases only. Determinations of the specific exanQ)le in which the actual reaction agrees with 
affinity-coefficients of acids and bases are thus theory has already been given, 
of the greatest importqnce. d.t will be our task But the reaction is by no means free from 
to show first that the above conclusions are secondary changes. Particularly (as has been 
verified by experiment, and then to use the already noticed), the presence of the neutral 
numbers thus arrived at for drawing further ammonium salt of the acid added has the effect 
deductions. of increasing the strength of strong acids, and 

The first reaction which was used to chock decreasing the strength of weak acids. Conse- 
the values of the coeflicients of affinity of acids quently when strong acids are used the process 
determined in the statical way, by means of a is accelerated, compared with its normal value, 
kinetical method, was the change of acetamide and the acceleration is the greater the further 
into ammonium acetate (Ostwald, tT. pr. [2] the change has proceeded. With weak acids, on 
27, 1), which takes place according to the equa- the other hand, the process is retarded. Owing 
tion CHaCONH^ + H.jO = CHaCOONIl 4 . When to the formation of acid salts, the polybasio 
water only is present the reaction does not pro- acids are influenced by similar but much more 
ceed to a sensible extent, but when an acid is added pronounced secondary reactions. All these con- 
the latter exerts a prediapo&ing influence, and ditions have to bo taken into account in the in- 
the process takes place to the degree which is vestigation of the progress of the reaction, as is 
possible under the existing conditions of aflini- scon most conspicuously in the graphical repre- 
ties, concentration, and tem 2 )erature. sentation given in the original paper. These 

By ‘ predisposing affinity * is usually under- circumstances are disadvantageous if it is de^ 
stood the cause of reactions between certain sired to make absolute determinations of the 
substances, which reactions could take place, velocity of the reaction, but they are of advan- 
but do not actually occur, without the presence tago in the comparison of the kinetical and 
of another substance, which has affinity towards statical methods, since the results obtained by 
one of the possible products of the reaction, the latter are also influenced in the same way by 
In the case just discussed, water and acetamide similar sources of error, 
do not react unless an acid capable of combining The time taken to convert half the acetamide 
with the ammonia produced (or a base whicli into the ammonium salt was taken as the reoi- 
has affinity for acetic acid) is present. The procal measure of the velocity of the reaction, 
strange assumption expressed in the name pre- The velocity in minutes was found to be as fol- 
disposing affinity, viz. that the affinity of the lows: — 

predisposing substance towards a body not yet 

formed induces the other substances to produce Acid At lOi® Ratio 

this special body, has been given up, since the 

molecular theory of Williamson and Clausius, Hydrochloric . 72-1 4’98 14'5 

as developed by Pfaundler, gives a much more Nitric . . . 75 2 5-35 14*4 

simple view of such reactions. When ai)plicd Hydrobromio . 74 0 5*14 14*4 

to the case just considered, this theory tells us Trichloracetic ^ 112-8 — — 

that the atoms which form the molecules of Dichloracetic . 433-7 — — 

acetamide and water only very seldom get a Monochloracetic . 4,570 — — 

chance of forming ammonium acetate during Formic. . . 28,950 2,138 13*6 

the movements and collisions of the molecules Sulphuric . . 180 14*1 12 8 

in question, since the forces which tend to re- Oxalic . . . 1,516 118*6 12-8 

tain the original condition of the system are Tartaric . . 35,310 929 14*7 

greater than the forces which tend towards do- Malic ... — — — 

composition. If, however, a strong acid or base Succinic • . — 7,976 — 

is added, the forces tending towards decomi>osi- Citric . , . 44,810 3,088 14*5 

tion are correspondingly increased, and, in many Phosphoric , . — 3,880 — 

collisions, inwbichpreviously no change occurred, Arsenic , . — 4,005 — 

decomposition now takes place (v, also Men- 

del6eff, J5. 19, 456). In order to make these numbers comparable 

The experiments were conducted by keeping with the coefficients of affinity as found by the 
equivalent quantities of acetamido and acid for volumetric method they myat be referred to 
some time at 05® and 100®. The quantity of IICl = 1, by dividing the times corresponding to 
ammonium salt formed was determined by de- the several acids each into that corresponding to 
composing it with sodium hypobromite and liydrochloriotacid. The relative velocities of the 
nfcasuring the volume^ qf nitrogen evolved. The reaction are thus obtained for hydrochloric acid 
reaction takes place .‘-m the presence of acids, = 1. Further it must be borne in mind that by 
Buoh as hyfirochlo,v<nl^id, according to the equa- theory the ratio of the affinities is equal to that 
tion, / of the square roots tJf the velocities of the reao- 

CHgCONHg + HCl - CIIaCOOH + NH^Cl. tion. In the following table I have collected the 
Three differ4ut lands of molecules arc therefore acids the relative affinities of which are^nown. 
always necessary for the reaction. Moreoveral Under I. are ^ven the velocities of the reaction, 
only twtflobstanccs, acetamido and hydrochlorio^i under ll.%eir square roots, and under 111. the 
acid, undergo an appreciable change of mass j^^tive affinities 







^ Hjriroohlorio . 

1*00 

1*00 

0*^ 

Nitric . • . 

0*96 

0*98 

1*00 

Hydrobromic . 

0*97 

0^8 

(ms 

Trichloracetic . 

0*639 

, 0*80 

0*80 

Didhloraoetio . 

0*166 

’ 0*41 

0*33 

Monoohloracetio 

0*0169 

0*13 

0*07 

Formic 

0-00266 

0*052 

0*039 

Acetic 

0*000547 

00234 

00123 

Sulphuric . 

0*428 

0*65 


Tartaric . 

0*00564 

0*075 


Malic 

0*00218 

0*0467 


Succinic . 

0*00065 

0*0255 

00145 


The numbers in the two last columns agree as 
well as could be expected. The deviations are 
in the direction of a greater value for II. than for 
III. in the’ease of weak acids. The reason for 
this lies in the fact that in the enunciation of 
the equation of velocity no attention was paid 
to the acetic acid formed in the reaction, by the 
presence of which the change is accelerated. 
This action of acetic acid scarcely comes into 
play when strong acids are employed. 

• The examination of the action of acids on the 
change of acetamide into acetic acid and ammo- 
nium salt has established the connection between 
equilibrium and velocity which is predicted by 
theory ; but the reaction employed was not of a 
kind to give completely accurate values for the 
velocity of the change, since too many secondary 
reactions exert their influence on the primary 
process. Another reaction studied by Ostwald 
(J, pr, [2] 28, 419) lends itself better for this 
purpose. This is the decomposition of ethereal 
salts by water in the presence of acids. Aqueous 
solutions gf methyl acetate (or of similar com- 
pounds) undergo only very slow decomposition 
at ordinary temperatures ; if, however, an acid is 
present the process is greatly accelerated. The 
acid does not undergo a permanent change, since 
at the end of the reaction exactly the same 
quantity of acid is found af was present at the 
beginning. It is doubtless by its atlinity for the | 
methyl alcohol that the acid iulluences the rate 
of the change. It predisposes in the sense already 
explained, only the compound which the acid 
forms with the methyl alcohol cannot exist in the 
presence of the great excess of water. The che- 
mical process is represented by the equation 
CHjCOOCII, + 11,0 - CHjOH + CH3COOH. Two 
substances are required ; but the quantity of 
water is so great that its change need not be 
taken into account. Equations (1) and (2) must 
therefore hold good. This conclusion is verified 
by experiment. Thus for example 10 c.c. of nor- 
mal hydrochloric^cid were mixed with 1 c.c. of 
methylacetate ana diluted with water to 15 c.o« 
One c.c. of this solution required for neutralisa- 
tion 13*33 c.c. of baryta. Owing to ^le decompo- 
gition of the methyl acetate the acidity increased ; 
the results are given in the first table of next 
colunfin. The numbers in the last line repre- 
sent the results when the^ecomposition was 
completed. 

In the third column, under a?, is given the 
increa^ in the number of c.c. of baryta used to 
neutralise the acid ; the values in ttils column 
ije always proportional to the quantify of methyl-^ 


[ dMompMedi. The last value 14*11 gives 
| .tlie quantliy a ifi th4 equjyUon 

Calculating the expression log (for simpli- 
city’s sake in ordinary logarithms), and dividing 
it by the time t, /ia(=:th# coeflScient of velocity) 
is obtained ; the value of k is given in the last 
column ; it is nearly a constant. 




X 

k 

After 14 minutes 

11-25 

0*92 

0*00209 

34 .. 

15*47 

2*14 

0*00211 

59 „ 

16*85 

3*52 

0*00212 

89 

18-24 

4*91 

0*00209 

119 

19*48 

6*16 

0*00209 

169 

20*92 

7*59 

0*00211 

199 

22-15 

8*82 

0*00214 

2.39 

23*10 

9*77 

0*00214 

290 

24*21 

10-88 

0*00214 

.399 

25*46 

12*13 

0*00214 

539 „ 

26-42 

13-09 

0*00213 

00 

27*44 

14*11 

— 


The same method was used for determining 
the velocity of decomposition of methylacetate 
by many other acids ; the coefficients, referred 
to HC1= 1, are collected in the following table : — 


Acid 

I. 

II. 

Hydrochloric • 

1*00 

1*00 

Hydrobromic • . 

0*98 

0-99 

Hydriodic • • 

0-96 

0-98 

Nitric • . t 

0-92 

0*96 

Chloric 

0-94 

0*97 

Sulphuric . 

0*517 

0*739 

Methylsulphnrio 

1*00 

1*00 

Ethylsulphurio . 

0*99 

0*99 

Propylsulphuric 

0-98 

0*99 

Isobutylsulphurio 

0*97 

0*98 

Isoamy Isu 1 phurio 

0*96 

0*98 

Ethylsulphonio . 

0*98 

0*99 

Isethionio . 

0*98 

0*99 

Benzenesu7phonio . 

0*99 

0*99 

Formic 

0-0131 

0*115 

Acetio 

0-00345 

0*0587 

Propionic • 

000304 

0*0551 

Butyric 

0-00299 

0*0551 

Isobutyric , . 

0-00268 

0*0518 

Monoohloracetio 

0-0430 

0*208 

Hichloracctio , 

0*2304 

0*480 

Trichloracetic . 

0*682 

0*826 

Lactic 

0*00901 

0*0949 

Hydroxyisobutyrio . 

0*00921 

0-0960 

Trichlorolactio . 

0*069 

0*268 

Pyruvic • 

0*067 

0*259 

Oxalio • • 

01746 

0430 

Malonio • • • 

0*0287 

0*169 

Succinic • • 

0*00196 

B 0704 , 

Malic • • . 

\p0118l 

>1086 

Tartaric • 


♦ 0*1515 

liacemic • 


0*1516 

Citric • 

OOilt 

0*1279 


j In the second column I have gi > on the square 
poots of the velocities of reaction ; thefc num* 
"hers ought to be proportional to the afifinities, ii 


, of fliU se^dar^i^tlobft* ' 

^ iheae numberB lirith those fthfeady ob- 
t«lxied» the same order of afflnities appears, hut 
'iq this case the values are^more nearly equal. 
This agrees entirely with what had been ex- 
pected ; for it has been often emphasised that, 
V otfing to the presence neutAil salts, the stati- 
cal methods make the strong acids appear too 
stroo^, and the weak acids ai)pear too weak. 
The numbers found in the present case can 
therefore be justly considered as approaching 
nearer to the true coefficients of affinity than the 
previous values. 

It is of special interest that a reaction such 
as the catalysis of methylacetatc, which is only 
very remotely connected with the process of the 
formation of salts, is yet doubtlessly brought 
about by that very property of acids which jiro- 
duces the latter class of reactions. This leads 
to the conclusion that the numerical values of 
all reactions exhibited by acids as such depend 
on {hat one property which till now has been 
somewhat vaguely termed the strength of the 



shows that 
tions fl) and i 


Acid 

I. 

II. 

ni. 

Hydrochloric . 

1-00 

1-00 

1-00 

Hydrobromic . 

l-lll 

1-05 

0-99 

Nitric . 

1-000 

1-00 

0-90 

Chloric . 

1‘035 

1-02 

0-97 

Sulphuric . . 

0-530 

0-732 

0-739 

Ethylsulphuric 

Isethionic 

1-000 

1-00 

0-99 

0-918 

0-90 

0-99 

Ethylsulphonic 

0-912 

0-95 

0-99 

Beuzenesulpbonic . 

1-044 

1-02 

0-99 

Formic . 

0-015.3 

0-124 

0-115 

Acetic . 

0-00100 

0-00.32 

0-0587 

Isobutyrio 

0-00335 

0-0579 

0-0518 

Monochloracetic . 

00484 

0-220 

0-208 

Dichloracetic . 

0-271 

0-521 

0-480 

Trichloracetic 

0-754 

0-808 

0-820 

Glycolic 

0-01308 

0-114 

— 

Eactio 

0-01000 

0-103 

0-0949 

Methylglycolic 

0-01815 

0-135 

— 

.Ethylgly colic . 

0-01372 

0-117 

— 

' ‘Methyllactio . 

0-01.390 

o-ns 

— 

Pig^ycolio 

Pyruvic . 

0-0207 

0-103 

— 

0-0049 

0-255 

0-259 

Glyceric 

0-01715 

0-131 

— 

Oxyisobutyrio 

0-01002 

0-103 

0-0900 

Oxalic . • 

0-1857 

0-430 

0-430 

hfalonic . 

0-0308 

0-175 

0-109 

Succinic 

0-0545 

0-0738 

0-0704 

Pyrotartaric . 

0-0107 

0-103 

— 

Malic . • 

0-0127 

0-113 

0-109 

Citric . • 

0-0173 

0-131 

0-128 

Phosphoric • 

0-0021 

0-249 

— 

Arsenic . 

0-0481 

0-219 

1 

— 


acids. In order to verify this assumption 
dstwaldt^.pr. [2] 29^^385, [1884]) investigated 
another process whigi ig not connected with the 
,lormation*of sal^/\ti., the inversion of cane 
lagar. The rer^t-ion proceeds, as in the case 
methylac^te, by the addition of water— 
= 2C„H,,/)„— without an appa- 
rent intervention of an acid. Yet it takes place, 
only iifthe presence of acids. It is a catalytic} 
reaction in Uie same sense as that already con- 


Idn M ^ 

giv^ wliicl% 
le prooe(» is repre^nted by equa^ 
($, the velocities of inversion tat 
now ^en direefly (v. table in last column). 

In the second Column are given the square 
roots of the velocities of inversion, in the third 
column the corresponding values for the cata- 
lytic change of methylacetate. The agreemoiit 
is evidently sufficiently great to prove the iden- 
tity of the causes which produce the inversion 
of cane sugar and the decomposition of methyl 
acetate. This agreement also forms the com- 
plete experimental verification of the assumption 
that there exist constants of specific activity>: 
which numerically determine all the manifesta- 
tions of affinity exerted by acids as such. Tha 
numbers found for methylacetate and for cana 
sugar represent these constants with great ex- 
actitude. The process of the inversion of cana 
sugar had been already used by Lowenthal 
and Lenssen {J. pr. 85, 321, 401) for the pur- 
pose of measuring constants of affinity. Thesa 
chemists did not, however, deduce the constant® 
of inversion from their experiments, although 
the theory of inversion had been established long 
before by Williolmy (P. 81, 413), nor did they 
give a proof of the fact that there are other 
chemical reactions which proceed according to 
a course analogous to that observed by them in 
the inversion of cane sugar. 

Besides the chemical methods for the deter- 
mination of the affinities of acids, there is yet 
another method which, by means of physical 
measurements, allows very accurate dotermina- 
j tion of these values to be made. It has been 
i proved beyond doubt that the electrolytic con- 
i ductivities of acids are qjoscly connected with 
their chemical properties ; so that this conduc- 
tivity is proportional to the velocity of the 
reactions produced by the acids. As the elec- 
trolytic conductivity can easily bo measured to 
a high degree of accuracy, we have hero a 
method of much importance for the solution of 
the problems connected with affinity. The exists 
enco of this relation was first recognised and 
enunciated by W. Hittorf {W. 4, 391), who had, 
however, almost no measurements at his dis- 
posal. Arrhenius {Bijh. K. Svensk. Vet. A\ 
Hand. 8, Nos. 13, 14 (1884)) developed a theory 
of the chemical changes among electrolytes, 
starting with the supposition that the power of 
conducting clectrolyLically and the power of 
participating in chemical reactions were iden- 
tical. 

This theory leads to equations which agrw 
with those of Guldberg and Waage. Finally W. 
Ostwald has considerably iiweased the some- 
what scanty material available for comparisons 
between the power of inducing chemical reac- 
tions and olectrolytio conductivity. Ho fully 
proved the proportionality between the velocity 
of the reactions induced by an acid and the 
electrolytic conductivity of the acid {J. pr, [9] 
30, 93; ib. 30, 22^[1884] ; ib. 31, 433; ib. 89, 
300 [1886]). The following table ' shows this 
agreement. Under I. are given the eleotrolytie 
conductivities for normal solutions; under 
the velocfties of inversion of cane sugar for sei^ 
Lnormal solutions; under HI* the veloiuti^S;^ 



MUffulltha numbers are referred to hydro- 
^{ilorieMldwl. 


Add • 

I. 

II. 

in. 

^ydrochlorio 

1*002 

4-00 

1*00 

Hydrobromio . 

. Hydriodior . 

Nitric 

1*01 

Ml 

0*98 

1*01 


0-90 

1*00 

1*00 

0*92 

Biftphurio . 

0*66 

0*73 

0*74 

Formic 

0*0168 

0*0163 

00131 

Acetic 

0*00424 

0*004 

0*00345 

Monochloracetio. 

0*049 

0*0484 

00430 

Diohloracetio 

0*253 

0*271 

0*230 

Trichloracetic . 

0*623 

0*754 

0*682 

Glycolic 

0*0134 

0*0131 

— 

Methylglycolic . 
Ethylglycolio . 

0*0176 

0*0182 

— 

00130 

0*0137 

— 

Piglycolio . 

0*0258 

0*0267 

— 

Propionic • 

0*00325 

— 

0*00304 

Lactic 

0*0104 

0*0107 

00090 

^ Oxypropfonic . 

000606 

0*0080 

— 

Glyceric . 

0*0157 

0*0177 

— 

Pyruvic 

0*0560 

00649 

0*0670 

Butyric 

0*00316 

— 

0*00.300 

*Isobutyrie . 

0*00811 

0*00335 

0*00268 

Oxyisobutyric . 

0*0124 

0*0106 

0*0092 

Oxalic ^ • 

0*197 

0*186 

0*176 

Malonio • 

0*0310 

0*0308 

0*0287 

Succinic • 

0*00581 

.0*0055 

0*0050 

Malic . • 

0*0134 

0*0127 

0*0118 

Tartaric • 

0*0223 

— 

0*0230 

Baoemic . 

0*0228 

— 

0*0230 

Pyrotartario 

0*0108 

0*0107 

— 

Citric . 

0*0166 

00173 

0*0163 

Phosphoric 

0*0727 

00621 

— 

Arsenic 

0*0538 

1 

0*0481 

— * 


The agreement of the numbers in the three 
columns is evident, and proves the truth of the 
assertion made above. 

In order to understand the relation between 
conductivity and the power taking part in 
chemical changes, wo must go back to the theory 
of Clausius and Williamson. According to this 
theory the molecules of the electrolytic sub- 
stances are continually interchanging their con- 
stituent atoms. These atomic exchanges gene- 
rally take place to an equal amount in all 
directions ; but when an electric current is 
passing they are so influenced that the electro- 
positive or basic constituents go to the one side, 
and the electronegative or acid constituents to 
the other side, each constituent separating from 
the solution on one of the electrodes. This 
motion of tlio constituents occurs to a greater 
extent the greater^he difference of potential 
between the electrodes, i.e, the greater the 
electromotive force. The change proceeds ac- 
ooidhig to Faraday’s law of electro^ais, which 
states that the quantity of electricity passed is 
proportional to the equivalents of the parts of 
the molecules separated out. Put into a slightly 
different form, this means th«t each electrified 
atom, or group of atoms, conveys the same 
luantidy of electricity g^uite indejpendmtly of Us. 

$ihoe the eleotrio current only exertt a diroo- 
in^^eiac6 oa the electrolyte, but does not 


Itdetlv hoduee tb# 

<ft substanoea d«]^da catiraly on the po^ of 
mt^hangiug iheur ion$. But on that same* 
power depends also the Telocity of the chemical 
changes produced by these substances; heno^ 
it follows that the velocities of the reactiona 
must be proportional to the conductivities of the* 
reacting substance^ Th%experimontal proof of 
this proportionality is in itself an important 
point in favour of the theory of Williamson and 
Clausius. (In Faraday’s works we also find 
views which agree in the chief points with those 
explained above.) For the experimental details 
of the method the reader must be referred 
to the papers of Kohlraiisch, Arrhenius, and 
Bouty. A short account of the conceptions and 
definitions used will, however, be given here, 
since the assumptions generally used in phy- 
sics proper do not lend themselves well for our 
purpose. 

Imagine a vessel having the form of a paral- 
lelepiped, the two parallel sides of which form the 
electrodes, and imagine the distance between the 
two to be equal to unit length. Into this vessel we 
imagine a quantity of the eleoirolytc to be placed, 
either by itself or in solution, such that its weight 
in grams is numerically equal to its molecular 
weight. Let us further suppose that the electro- 
motive force between the two electrodes is unity 5 
then the quantity of electricity passed through 
In unit time represents the molecular conduc- 
tivity. Since equal quantities of electricity arc 
convoyed by each electrolytic molecule, the total, 
quantity of electricity passed is proportional to> 
the number of douMo excliangcs which take* 
place in unit of time in one molecular weight of; 
the substance 

The electrolytic conductivity can bev^ryeaoily' 
and accurately determined. The possibility 
solving a great many problems connected with, 
the values of affinities is thus presented. W. 
Ostwald has specially investigated the influence' 
of dilution, and has established the laws which 
liold for it. The simplest relations are founds 
for the strong monobasic acids, hydrochloric,, 
liydrobrornic, hydriodic, nitric, chloric, and per- 
chloric. For® normal solutions all these acid& 
have nearly the same conductivity, and this in- 
creases by about 10 per cent, to 12 per neni* 
with increasing dilution, gradually approaching* 
a maximum value, which in the units used 
by Ostwald was equal to 00, Sulphocyanio and 
bromic acids approximate to the acids named 
above. 

The other monobasic acids, which are weaker, 
and which therefore have smaller conductivities 
than those already mentioned, exliibit a greater 
change in conductivity with increasing dilution, 
the weaker they are, and they all do this accord- 
ing to the same law. This law states that f/w 
dilutions at which two acids have the 8am$ 
violccular conductivity alimys hear sanKV 
ratio to each other. 

Thus, when measured 'in units mentioned 
above, formic acid of the^^ilution 2— 
H2 CO.j = 46 grams, in two litres or^^e solution— 
has the molecular conductivity l\6; butyric 
^id reaches the value 1*81 only at 82 litres 
j&lution. On further dilation the foHowinff 
Relation is manifested ; — 

G 



Vdmqo Xfin . . 

. . Bomufl Acm 

•Nation 

OondaotlVity 

Dilation 

Condaotivity 

4 

2*47 

64 

2-66 

6 

3-43 

128 

8*60 

16 

4*80 « 

«56 

60 1 

112 

6*63 

512 

702 

44 

9-18 

1024 

9-74 

128 

12-6 

2048 

13-4 

256 

170 

4096 

180 

612 

22-4 

8192 

23-8 

1024 

29-0 

16384 

31*5 


are deatiiig wil^h Important and 
values, with values do not alter with the 
nature of the reaction 'indaoed by the acid, and 
which are related to the dilution in a perfectly 
fixed^ manner. . The general truth of this law 
for tne case pf chemical reactions has been 
separately proved 1)y Ostwald {J. pr, [2] 81, 807). 
The values of affinities sought by men of 
science in the last century have thus been 
found by means of a method which had been 
even then indicated by the famous oppos^ of 
the old theory of affinity. 

It has already been mentioned that the 
above law of dilution holds primarily for mono- 
basic acids. Poly basic acids behave differently 
according to their constitution. Some dibasic 
acids, such as phosphorous, selenious, &o., in 
which the second hydrogen atom is of the 
nature of a weak acid (this is shown by the 


Butyric acid and formic acid have always 
nearly the same molecular conductivity when 

tiie former is sixteen times as dilute as the 

latter. The same holds good for dilute solu- j alkaline reaction of their' normal salts), behave 
tiona of all the monobasic acids. Plotting a dilution at first exactly like monobasic acids, 
curve, with the molecular conductivities as conductivity being referred to molecular and 
ordinates and the logarithms of the dilutions | equivalent weights. Hence electrolysis 

as absciss®, we find it to have the shape indi- | these solutions takes place at first according 
eated in the annexed figure. In this, the the type H | ITU". It is only on reaching 

very great dilutions that the second liydrogen 
atom begins to participate in the reaction. Di- 
basic acids whoso normal salts are neutral 
behave differently. It is true that they, too, 
conduct at first according to the type H | HR"; 
but the second hydrogen atom exerts its in- 
fluence even in moderately dilute solutions. 
The conductivity increases much more rapidly 
than in the case of monobasic acids, and ap- 
proaches a maximum which is double that 
logarithms are not referred to the base 10, but observed for monobasic acids. Oxalic acid may 
to the base 2, since in Ostwald’s experiments ; be taken as a typical acid of this class. In tho 
the dilutions increase as the powers of two. ' case of very strong dibasic acids, such as sul- 
They aro the exponential powers, p, of tho dilu- j phuric acid, it is the hisV part of tlie- phenome- 
tionv* j non just described which becomes prominent. 

The curve appears to be symmetrical about ! Even for a concentrated solution tlio molecular 
4wo lines at right angles to each other, and has ' conductivity exceeds tlio maximum of mono- 
• point of contrary flexure when the conductivity ! basic acids, and rapidly approaches a value 
teaches the value 4o. The equation to the curve ' double that foun^l with tlu'se acids. Hence 
can be approximately expressed —using the given ' conduction takes place from the beginning, for 
-by the empirical formula j the most part, according to the type 11, \ It". 



units- 


•4513 


-by the empirical 

tan. w = ( - ) 

where m is the molecular conductivity; tho 
Elution (in litrt.'S per gram-equivalent) for 


Ostwald has recently (J. pr. [2] 32, 300) 
examined the conductivity of a number of acids, 
and has shown that the relations already stated 
hold in all eases. He has also cslablislied many 
relations between tbe conductivities of acids and 


which the conductivity is 45 ; and v any dilu- their chemical constitution. This investigation 
iion for whicli tlie cjonductivity is to he cal- ; opens up the possibility of drawing many in- 
eolated. The same curve holds for all acids if ; forcnces concerning the action of clumiical forces, 
the abscissa i\, is chosen properly. Tho value ; The following tables exhibit an abstract of the 
is characteristic for eacli acid. For tbe | moasurements of the molecular conductivitios of 
above-mentioned strong acids, it is found in | various acids for tho dilutions of 4, 32, and 256 
high concentrations: — for iodic acid, at 2-8 litres ; litres 
approximately ; fOr hypophosphorous acid, 8 
litres; for dichloracctio acid, at 10 litres; for 
fuonochloracctic acid, between 400 and 500 
litres ; for formic acid, at about 1000; and for 
^Butyric fPcid, at abouL^0,000 litres. 

The influence oi/iie dilution on the relative 
affinities Varies V^ly for the different acids, as 
has already b^j^seen. It seemed therefore very 
doubtful wL^lier much importance could bo 
attached ttrtliesc values as natural constants 
on wl^ch tho action of tlie acid as such d< 

{)ends. In the law of dilution, as cnunciatel 
.above, there has been found the proof that 




Arid 

a 

4 

litres 

32 

litres 

256 

litres 

Hydrochloric IICl , 

80*9 

87-0 

89'9 

Ilydrobromic HBr . 

83*4 

87*9 

89-6 

Ilydriodic HI . 

Hydrofluoric HF 

83-2 

89-6 

89-7 

6-51 

1314 

30-3 

Hydrocyanic HCN . 

0077 

0-108 

— 

Sulphocyanic IfSCN. 

79-3 

84'2 0 

86*6 

Bulphy^ric H^S . 

— 

0*214 

— 

FerrocyanioH,Fe(CN)a 

L • 

— 

206-9 

260*7 



4A9 ftoiof ao aoljeoataln oxj^n «iio# 

jpreat diferonced: HQl^VBr, HI» form a grbap 
Wetronjf acids, while ECFia much weaker; HON 
can scarcely M called an acid ; H.^S is slightly 
stronger ; but if cyanogen combines witi 8ul< 
phur and hydrogen sulphooy^nio acid is formed 
the steength of which approaches that of hydro- 
chloric acid. Fcrrocyanic acid is also a strong 
acid, though made up of the neutral iron cyanide 
and the weakly acid hydrogen cyanide. 


Acid 

4 

litres 

32 

litres 

256 

litres 

Nitric HNO, 

80-4 

80*3 

88*4 

Chloric HCIO, . 

80-2 

85-3 

88-7 

Perchloric HCIO 4 . . 

82-2 

88-1 

89-9 

Bromic HBrOj • 

— 

70-4 

8G-3 

Iodic HIO, . • 

no-G 

72-3 

81-8 

Periodic H^IO^ • 

23-7 

40-2 

70-7 


HNOa, HC10.„ HCIO^ closely follow the halogen 
hydraoids ; HBrO^ is weaker ; HIO;, is still weaker ; 
and HsIOg shows this decrease in strength to a 
marked extent. A similar relation is shown by 
the acids of phosphorus. 


Acid 

4 

litres 

.3-2 

litres 

256 

litres 

Hypophosphorous H,POa 

37-91 

G2-1 

77-84 

Phosphorous H.,PO., 

34-29 

5G-9C 

74-54 

Ortliophosphoric II 3 PO 4 

17-00 

34-41 

Gl-8 

Here too the acids become 

weaker as tlie amount 

of oxygen increases. The opposite relation is 
shown by the acids of sulphur and selcniou. 

• « 

Acid 

4 

litres 

32 

litres 

256 

litres 

Sulphurous HBOj 

19-19 

41-6 

6G-5 

Sulphuric Il^Sb* . . 

90^1 

nG-3 

loO-G 

Dithionic H.,S.,0« . 

— 

ii;g-i 

178-0 

Tetrathionic H.^S^O, . 

— 

170-G 

181-5 

Selenious H.^SeO, . 

9-71 

21-73 

45-11 

Selenio HaSoO* . 

103-2 

127-0 

157-9 


The strength increases with increase of oxygen 
as well as with increase of sulphur. 

As regards organic acids, the members of the 
acetic scries are weak acids, and the strength de- 
creases as we ascend in the homologous series. 


Acid 

4 

litres 

32 

litres 

2.56 

litres 

Formic HCO ,H 

2-17 

0-63 

17-0 

Acetic CH,CO,.H . 

0-755 

2-12 

5-64 

Propionic C.,H-,CO.^H . 

0-001 

1-77 

1-92 

Butyric C,Tl\CO,H . 

0-604 

1*81 

5-01 

Isobutyrio Cyll'^^COaH . 

0-608 

1-81 

4-95 

Valerio C,H,CO,H 

0-615 

1-87 

6-16 

Caproio C^HnCOaH 


1-70 

4-78 


Appreciable differences are shown in the first 
three metfabers only. 

When chlorine, bromine, iodine, or cyanogen, 
U substituted for hydrogen, the acid <^M'uctor 
inoreaset. * 




89 

Tltre* 

866 

lit^ei 

Monoohloraoetio OHtCWO,H 
DIchiorAcetio CHOI.OO,H . 

6-88 

17*3 

87*8 

84-8 

60*3 

76*8 

Trichloracetic 001.00,11 . 

66-9 

76-0 

79*1 

MoiiobromaoctioOH,BrOOaH 


1C*1 

86-8 

Cyatiacetlo OH.ONO^H ^ 
aBromoproplotilc 

10-6 

86-3 

678 

on^cnBrCO.H 

Wodopropionio 

7-87 

17*6 1 

1 

86*9 

CH,I0H,00,H 

1*634 

4*386 

U*« 


The chlorinated acids are seen to increase ii 
strength as the amount of chlorine increases 
but even trichloracetic acid does not reach th< 
value for hydrochloric acid. The substitutior 
of bromine, or cyanogen, for hydrogen acta in 
the same way as the substitution of chlorine ; 
tlio action of cyanogen is much more marked 
than that of bromine. Introduction of the group 
OH for H in the fatty acids increases the strength 
of the acids, although not to so great an extent 
as is noticed in tlio preceding table. 


Acid 

4 

litres 

32 

litres 

366 

litMs 

OlycolIcCiT.OWCO.H . . , 

8*08 

6*77 

16*09 

(flvoxvlic C()K.CO,K , , 

3*66 

9*83 

84-61 

L.wlicO)IiCHOIIC;0,n 

1*94 

6*49 

14*42 

/StJxvpropioiiic CH.OMCIT^COjTT . 
Tric'lilyrohictic C01,CHO 1 100 JI . 

0-SQ6 

2*63 

7*18 

11 -0 

27*7 

64*8 

rvruvioCH,COCO,ll . 

9*05 

22*1 

43*8 

Glvceric GH.OlTUllOriCO.n . 

2*40 

6*87 

17*9 

•Oxvbutyric C.H.CHOllCO.H . 
fiOxy buty ric C 11,01 1 0 11 C H .CO .H 

1*44 

3*99 

10*08 

1-31 

3*4 

7*70 

Oxyisobutyric {01I,),C0H00,II . 

1 98 

6*07 

12*81 

Jl-thuxyiicotic OIl.OCIl.OO.H . 

2*99 

8*29 

20*76 

Ethoxya<'otic 011.00,11,00,11 , 

2*40 

6*94 

17*98 

DiKlycolie 0(CJI,C0,H), . . 

Thiodiglycolio S(.OH,CO,n), 

6*00 

13*78 

33*68 

— 

11*73 

28*23 


The influence of the relative positions of the 
Oil groups appears to be of importance. In the 
cases of the isomeric lactic acids and the oxy- 
butyric acids, that one is the strongest in which 
the OH is no?irest the COOH group. Pyruvio 
and glyceric acids seem to obey the same law. 
The following members of the oxalic acid series 
have been investigated: 




Acid 

4 

litres 

32 

litres 

-266 

litres 

Oxalic (00,11), . . * 

35*82 

61*4 

79*8 

Miilonio CH,(CO,TT), . . 

6*34 

16*0 

37*7 

Succinic 0,n,(CO,H), . 

1*30 

3*72 

10*03 

Methvlnmlouic CIlCH,rCO,n), . 

— 

12-91 

30*8 

Pvn)tartaric O.H,CIT,( 00.1 1 ), 

2*29 

6*74 

13*19 

Oiraethylraaltuiie 0(C11,),( GO.H ), 

— 

12*14 

29*69 

Ethyluialoiiio CH(C,1I,)(00,11), . 

— - 

16*18 

36*06 

Subjrio C,ll,,(CO,H ), . . , 

— 

— 

6*99 

Sobacio C,1I,,(00,H ). . . 

— 

— 

6 *6* 

Millie 0,U,(OH»(00,11),. 

2*97 

8*63 

22-28 

Tartaric 0,H,( OJ I ),( C« ).Tr), . 

6*05 

13*08 

33*16 

Kaceinic 0,11.(011 >,(00.11 >, . .• 

607 

13*04 

33*19 

Saeeb.iric U,n,( OH ),( 00.11 ), 

— 

12*14 

29*78 

MuclcGJlAOUlACO.H). . 

— 

— 

16-39 


• By extrapolatioa. 

As the distance between two carboxyls in- 
creases the dibasic acids rapidly weaker; 

Bcbacic acid is scarcely strorig^ Jihan the higher 
acids of the acetic scries. Of the ^’:j;o isomerides, 
succinic acid and isosuccinic or m«.^thyhnalonio 
acid, the latter has the carboxyls nearer together, 
r id is therefore the stronger. Tartaric aAd and 
/.acemic acid show no difference; henoe the 
latter when in solution is not a compound of 









imd ieft-hiuoiM tftrtario aeid, u i« 
in the crystalline Ihnn, btit it is rathar 
» initthre of the two. 

The derivatives of benzdlc acid are of special 
. interest owing to the conditions under which 
isosQierism occurs in tliis series. The following 
liave been investigated/ — / 


Acid 


Kitrobeuzoio 


Benzole O.H.COgH 
Oxybenzoio [1:^; 

1:3] 
1:4] 
1 : 2 ] 

« 1 : 3 ] 

» [ 1 : 4 ] 

Ohlorobenzoio [1:2 
[1.3] 
[1:4] 

Bromobenzoio [i:2. 
« [ 1 : 3 ] 


o.n*ouoo,n . 

O^n^NOaCOaH *. 
C.n*CiCO,H ! 

o,n*Byco,n ! 


The substituting radicle always exerts most in- 
fluence on the strength of the acids when it is in 
the ortho position. There is little difference 
between the meta and para positions. It is 
strange that para-oxybcnzoic acid should be 
weaker than benzoic acid itself, as in all other 
cases the introduction of OH increases the 
strength of the acid. This points to the con- 
elusion that the affinity-forces are of the nature 
of vector quantities, that is, that they are directed 
forces the resultants of which cannot be put as 
simply equal to the sums of the components. 
The other acids of the aromatic (or benzenoid) 
group for which measurements have been made 
are as follows ; — 


Acid 


Amldobenzene aulpbonic [1:3] 

C.U,NlT,SO,n 

Amldobeazeno aulpbonio [1 : H 
Ifononltropbenol [1:2] C,iI*NOaOH 

„ [1:31 

,I [1:4] 

Dinitropbenol [1 :2, 1 :4] C*TT,f NO,)jOn 
Trinitropbenol [1 :3;5] C.HaCJJOjj.OlI 
Anlgio O . H « OCn3CO,H 
^(ft-ulc O . H . CF [, CO,ff , . 

Phenylglj’colic CftH^ClIOHCOaH 
Phenoxyacytio CaHgOCIIaCOalX . 
PWhttlio [1 :2] C.D*(CO.U;, . 

• „ [1:3] 

Nltrophtba'.ic C , H ,( XO ,) ( COall ), 


KOt ai^ tiio 00^ grohi». As t^rti to 
saturated acids, the foUowhag numbers show ^alg 
they are the stronger the less j^ydrogen 
contain. 


32 litres 

256 litres 



9-95 



33-02 

4-31 

11-24 

2-39 

605 



64-34 

__ 

20-83 

— 

22-0* 

z 

15-13 



12-7* 


88-K9 

— 

14-8 


32 

256 

litres 

litres 

4-55 

16-13 

10-84 

26-30 



1-02 

0-14 

0-20 

0-177 

0-41 


10-95 

<. 

797 



5-00 

3-51 

9-1 

9-02 : 

22-75 

12-57 

29-85 

16-15 

35-23 



20-0 

33-62 

(:6-57 

29-22 ' 

1 57-50 

1 25-CK) 


Acid 


Aorylio 0,TT,C0gH • • • 

Crotonic C,H,COgll ■ • • 

Puiimrio 1 p tt pn w 
Malcio [C.H.COgH . , . 

Citracoulo ) 

Itacoiiio [ C,H*CO,H . . 

Mosaconic ) 

llydroclanammic CgTT.OgTT^COglT 
Cinuamuiic CgTIgOglf ,00,11 . . 

lMii?iiylproi>iolic 0,11,0,00,11 . 

Hydrosorbic C,H,00,E . . 

Sorbio 0,11,00,11. 
aliromocinnammic 

C,lI,0,nBrC0,H 

/sBroinocinnammio 

C.H,0,nBrC0,H 
Mfccoulc C,H0,01 1(00,1 1), . 
QuiuiaO,H,(OH),CO,lI 
Oauiphoric 0,11,0,11,00,11 . 


4 83 886 

litres litres litres 


1-25 

0728 

17-46 

9-56 

1-92 


3-46 

216 

13'32 

39-13 

24-08 

6-33 

11-93 

2-26 

27-66 

2-29 


102-1 

7-81 


9-80 

8-88 

82-8 

65-49 

49-67 

14-66 

29*48 

6-08 

7-56 

59-0 

6-29 

6*70 

62*70 

33-1 

141*8 

19-92 

6-07 


On comparing acrylic with propionic aci^ 
crotonic with butyric acid, fumaric and maleiq 
with succinic acid, and citraconio, itaconic, and 
mesaconio with pyrotartaric acid, it is evident 
that for each withdrawal of H,, the acid becomes 
stronger. These relations become very con- 
spicuous when we compare hydrocinnammic with 
cinnammic and phenylpropiolic acid, and hydro- 
sorbic with sorbic acid. As regards the peculiari- 
ties of the dibasic unsaturated acids, they can 
only bo just mentioned. Meconio acid, which 
stands by itself, is conspicuous by its great 
strength. It is the strongest of all acids which 
consist of carbon, oxygen, and hydrogen only* 
and it approaches very^icar to sulphuric acid. 
There is evidently some connexion between 
this property and the small amount of hydrogen 
this acid contains. 

The introduction of amidogen and similar 
radicles makes tht acids weaker. 


Acid 


A niidoacctic CTTsNIT,CO,H 
inppurifl, 

cii,NirfC.H,co)CO,n 

Acetylumiiloacctic 
CE,Nll(i:.ll,C0)00,H 
Oxatiiio CONH,CO,li . 
Oxaliiric 

CO(NHCONTT,)CO,H 
Parabanio (C0N1J),C0 


8 

litres 

32 

litres 

266 

lltrei 

0-230 

0-257 

0-32 

— 

6-68 

17-88 

21-07 

0-88 

35-S8 

17-76 

62-26 

43-35 

57-03 

48-23 

74-28 

63-96 


The introduction of NHa into benzene sul- 
phpnio acid, which is nearly as strong as hydro- 
cliioric acid, is accompanied by the production 
of a much weakef'acid. The meta-acid is weaker 
than the para-acid. The three nitrophenols 
show the gradation ortho, para, meta, in the 
same way as the nitrobenzoio acids. The phe- 
'^nols rICpidly increj^'] in strength with the 
number ^f NO.^ ^-^ps they contain. Another 
point of interest's the difference cxliibited by 
: the isomeri<^'^anisic acid, phenylgly colic acid, 
and phenvy^c*^^^^ acid. Orthophthalic acid 
greatly exceeds metaphthalic acid in strength ; 
whll^f its two nitro derivatives, the a compound, 
in which the NOj group is adjacent to the c^ 
boxyl, proves itself superior to the jS derivatii\ 
in which there is a greater distance between the 


The introduction of the NH2 group into acetic 
acid is attended with a groat reduction of the 
strength of the acid. This,^'cid is considerably 
less weakened when one of the hydrogens in the 
Nllg group is replaced by the negative radicle 
benzoyl or ucetyl. Oxalic acid is also weakened 
by introducing the group. On the other 
hand the introduction of the urea residue 
(NHCONH.,) into oxalic acid only slightly 
decreases the conductivity of the oxalic acidt 
Parabanio acid does not contain the corboa^l 
group, nor does it behave at all like an aoidf 
since it| conductivity increases but sli^tly with 
dilution, ^ 

The conditions of affinity among 
the best-known part of the tiieory oi 




Ou IffMedge eohoM&g ilse b»g^ k mvtdk 


affinities of the bases must also be indepandent 
of the nature of the acids pr, [2] 16, 422). 

It is highly probable that the same laws hold 
for bases as for acids. 

It must, however, be admitted that there is 
great lack of experimental data in this depart- 
ment. Some experiments of Menschutkin (0. R. 

96, 256), W'ho drew from them the conclusion 
that Bertholiet’s law of the influence of mass 
does not hold, prove only that under the condi- 
tions of the experiment the relative aflinities of 
the bases compared— potash to aniline, to tri- 
methylamine, and to ammonia, in alcoholic 
solutions —are very diflerent. The same fact was 
proved by some thermo-chemical experiments of 
Berthelot. 

Nor have many experiments been made by 
the kinetical method. Warder {B. 14, 13fil) 
who first applied this method to bases, measured 
the velocity of decomposition of ethylic acetate. 

An investigation made by llcicher (Van’t IIolT, 

• Dijn. chim. 107) in connexion with Warder’s 
work, showed that the velocity of the reaction 
is nearly the same for potash, soda, and baryta, 
the electrical conductivities being also nearly 
the same. 

Ostwald {J,pr. [2j 33, 352) has recently in- 
vestigated the electrical conductivities of some 
bases. The alkalis KOII, NaOH, LiOII, are 
strong bases ; they have nearly the same con- 
ductivities. TlOH acts as an alkali. The con- 

ductivities of CaO.Ho, SrOJL, and BaO.H., j isation for the relative aninitios of varioiTs acids, 
referred to masses equivalent to NaOII, Ac., arc i Van’t Ilofl shows by the help of the dynamical 
the samo^s those of NaOU, Ac. ; nwl'cular \ theory of heat that this will occur when the 
conductivities of Ac., are, however, j reactions producing e(pnlihrium do not give an 

double those of NaOH, Ac. Ammonia is a ! appreciable thermal el'fcct as their resultant, 
weak base ; its conductivity is much influenced j Moreover, when this is not the case, with a fall 
by dilution; the variations in the molecular con- I of temperature the etiuilibrium shifts in favour 
ductivity foflow the same law as was observed j of that reaction 'svhich produces more heat than 


olieDii(»l o^iutiw of to floids used. The 
values obtained do not, however, lend themselves 
to the determination of coefficients of affinity; 
and the investigatiopa themselves cannot there- 
fore be considered hero at greater length. The 
work of Horstmann (B. 12, 64), and of Dixon 
(T. 1884. 617), on incomplete combustion can 
likewise only be rnentioffed. 

Little attention has as yet been directed to 
the investigation of the influence of temperature 
on the velocities of reactions, and on the con- 
stants of afllnity. For the case of the inver- 
sion of cane sugar there are the investigations of 
Wilhclmy, Urech, and 8pohr; for the velocity 
of etherification there are those of Berthelot and 
P. de St. Gilles, as well as those of Menschutkin. 
The whole question has been thoroughly investi- 
gated by Van’t IIolT. By applying the dynamical 
theory of heat ho finds that the equation for the 
relation between the temperature and the velo- 
city of the reaction, k, must be of the form 

d log h A 

ITT- " + B 

where t is the absolute temperature, and A and 
B are constants. 

Van’t Hoff has also shown that for several 
reactions the observed facts can be very well re- 
presented by such a forjnula. For details the 
hook of Vaii’t Hoff whicli has been mentioned 
must bo consulted. 

Berthelot and P. de St. Gilles have found thal 
the chemical equilibrium of etherification is in* 
dependent of the temperature within a wide 
range. Ostwald established the same general- 


for acids. Substitution of*H or in Nil, by 
OHj, C.IIg, and other alkyl groups, increases the 
strength of the base ; but N(CIl3)3 and N(C..H.), 
are weaker bases than NII(CH3)2 and NI1(C2H J2* 
These bases all follow the sruno law of dilution. 
The non-volatile ammonium bases, c.g. NMo,OH 


the reverse one (/. c. 167). 

We have now arrived at the point where wc 
must take ^]) the problem concerning the rela- 
tion between aflinity and ]iroduction of heat. Aa 
soon as it had been recognised that the tgiermal 
action accompanying a chemical reaction was 


— and also the base (C.H.)3S(0IJ)2 — exhibit con- | the measure of the chemical eneigy used up 
ductivities nearly the same as those of the j therein, an attempt w’as made to apply this to 


alkalis ; guanidine is a little weaker, hut belongs 
more to the ammonium bases than to the de- 
rivatives of ammonia. 

In a memoir not yet published, Ostwald shows 
that these conclusions are confirmed by kinetical 
experiments on tho saponification of ethylic 
acetate. ^ 

Besides the investigations which have led to 
numerical values for certain constants of aflinity, 
there are numerous others froia which such 
quantities cannot be deduced, because tho re- 
actions investigated were too complex. To this 
class belong principally tho works of Bertludot 
and P. de St. Gilles on etlferifioation, and the 
investigations of Menschutkin (cdllected in A. Ch. 
[ 6 ] subject. 


tomical dynamics has already been dbphasise^ 
jEhe latter have brought out interesting connoy 
. Ikiti betwe^^ reactions observed and to 


the question of aflinity. 

In 1854, J. Thomsen enunciated the following 
laws (P. 92, 34). The magnitude of the force 
evolved in the formation of a compound is equal 
to the quantity of heat produced. When acom- 
])Ound is decomposed by another body the reason 
for this is that the stronger a^&nities satisfy themf 
selves ; hence decomposition must be accompa- 
nied by an evolution of force. Since chemical 
force when liberated under ordinary conditions 
generally manifests itself as an evolutvn of heat, 
it follows that ‘ every siunlc or complex effect of a 
purely chemical nature. M accompanied by pro- 
duction of heaV ^ , 

This deduction, plausible tx. ^ugh it seems at 
first sight, is not correct. Heatdo^s not measuw 


importance of the first of these in ! forces but quantities of energy ; hence to 


ohomical production of heat does not t^l ns any- 
thing concerning the intensity of chemical forces : 
it is only to product of their (mean) value (if; 



v|ri|iiinig^;til^#!>be.{6]^ attmtioB) iato'J £l^:ar«»M^Mtii^ lw"iii'p^fiTC:o( 

by tBe atoms that ib a^ production of neat, and the law is that th% 
nhsinlity of energy, and as subh is measurable equilibrium shifts the more in iavour of the 
by timnnal methods. Sincf we know nothing positive thermal produotion the lower is the tem- 
abbut the spaces passed over by the atoms, and, peratit^e. It is, however, only at absolute zero 
moreover, cannot assume that the spaces are the that the reaction ^would take place in one 
same for all compounds, no conclusion regarding direction only (if at this temperature chemical 
the chemical forces cSn be ^accurately drawn reactions are at all possible); and it is only for 
from measurements of the quantities of heat this limiting case that a law of maximum 
produced in chemical reactions. thermal olloct would hold good. 

To point out the old mistake would have This is all that the law of the maximum 
been uncalled for, were it not that Berthelot has thermal effect really contains ; it is a limiting 
of late years enunciated an analogous erroneous case from which the actual conditions differ the 
*law,’ which he has defended with great more the higher is the temperature. Since the 
warmth. It is the more necessary to submit temperature at which ordinary chemical re- 
ihis theory to criticism, as, owing to the great actions occur is not very high, the reactions ao- 
prestige which the renovator of this old mistake companied by production of heat preponderate, 
enjoys— a prestige he owes to his excellent ex- This had been already noticed by Thomsen, and 
percental researches— the theory is surrounded the approximation to truth contained in the law 
as it were by a halo which has deterred many we certainly owe to him. 

from closely examining it. Berthelot formu- What Berthelot has added refers to the 
lates his law as follows : ‘ Tout cJuingcment cases of chemical equilibrium which have been 
chimique accompli sans V intervention d'une established beyond doubt, and which, according 
4nergie itrang^rc tend vers la production du to the principle of maximum work, ought not to 
COrpSi ou du sysUnie de corps, qui d^igage le jdus occur ; this law asserts that because one of two 
de cMleur' And further: ‘ TotUe reaction I reciprocal reactions is attended with production * 
chimique susceptible d'etre accomplie saJis le j of heat that ono ought to take place exclu- 
concours d'un travail priliminaire et en dehors j sivoly. It is Berthelot’s endeavour to reduce 
de Vintervention d'une inergie Urang^re d cella | all reactions in which chemical equilibrium has 
des corps presents dans le systdme, se produit ! been observed to cases of partial dissociation, 
fUcessairement, si elle digage de la chaleur' I wherein the masses of the reacting bodies do 
By a vague connexion with general dynamics, | not act as wholes. To accomplish this, ha is 
Berthelot calls this th^ principle of nuiximum j obliged to call reactions of a purely chemical 
work. Ho assumes it to follow as a natural ; nature, dissociations ; for example, the decora- 
consequence from the dynamical theory of heat. I position of acid sodium sulphate in aqueous 
This view is erroneous. There is no such i solution, a reaction brought about by the affinity 
thing as a law according to which a dynamical between sulphuric acid and water. The whole 
system is in equilibrium when the greatest pos- explanation resolves itself into reaso;)ing in a 
Bible quantity of its potential energy has been circle. It need scarcely be^kaid that an explana- 
ohanged into actual energy ; but this would be tion of this kind cannot account for the laws by 
the dynamical analogue of the so-called chemical which the chemical equilibrium, the velocity of 

^ chemical reactions, and the electrical conduo- 

^ There does, however, exist a law in the dyna- tivities of the reacting bodies, are connected, 
mical theory of heat according to which a system There is no doubt that, with the possibility 
is m equilibrium when it has attained to the of a more general application of tlio laws of 
maximum entropy. This function, which was entropy to chemical reactions, thermochemical 
first introduced by Clausius, is, like 'the energy data will become important and fundamental 
of a system, entirely dependent on the condition means for the investigation of tho relations of 
of the system; it is defined by tho equation, affinity. Moreover, there is little doubt that 
Jta dQ , Bergmann’s theory of affinity, revived in a 

« stands for entropy, Q for a therrnochcmieal form, is not the solution of the 
^ ^ , problem, and that, in spite of its modem 

quantity of heat given to the body, and Tfor the aiipearance, it can as little keep its ground 
absolute temperature. Horstrnann {A. 170, 102), against Bcrthollet’a far-reaching views as it could 
was the first to apply this law to chemical in its older form. 

phenomena. The investigation has also been Of all the great old-standing problems of 
earned out very fully by Willard Gibbs. Unfor- chemistry, that of chemical affinity has been 
troately, the law is gf very limited application, least developed. The general rqlations and laws 
Tim integration can only be accomplished if tho given in this article refer only to a limited number 
irabstances experimented with are perfect gases : of substances, and to a limited number of reac- 
Horstmann has shown that the law of entropy tions; many Hg,rts of tho question have not yet 
tn^ leaaslo the same result as is attained by ap- been investigated at all. Great and important 
plymg Goldberg and Waa^e’s law of the influence progress has, however, been achieved by Berthol- 
thus been supplied from let’s enunciation, and Guldberg and Waage’s 
tUe ueoretical side^with a valuable confirmation, rational forraulationfof tho law of active masses. 

As far as we earn tell, the law of entropy docs It must, however, be admitted that there are some 
not generally tead to reactions which are quite reactions which seem to contradict this law, and 
eompleted on one side, but rather to conditions which cannot be explained by it when talSen in 
01 onemifal equilibrium between opposite pro- its simple fdrm. It is not necessary to reject the 
MBses. According to Van’t Hoff (f.c. p. 153), Jl^w on this account, as has been dfone by some. 
..^ese processes vary with the temperature, if Tbe actual ooniitions of each experiment we naakt 





#apply the law of the influence of maee. We 
must content^ ourselves with an approximation 
which does not always lie within the limits of 
experimental errors. The motions of thf stars 
cannot yet be represented in strict accordance 
with^ the law^ of gravitation ; yet the first ap- 
proximation is sufiicicnt to remove any doubts 
as to the validity of the law. The law of the 
jnfiuence of mass in its simple application is also 
only true to a sufficient approximation in tho^ o 
cases in whioh the clfccts considered are of great 
magnitude as compared with those neglecte 1. 
(In connexiDn with ajjuuty v. Puysical mkxuods; 
section Optical.) W. 0. 

AOAB.AGAB or Bengal Isinglass, 

A vegetable gum obtained in China from sea- 
weeds : Euchenma spinosnm, sphccrococciis 
lichenoideSf spinostis, and tc7iax. Transparent 
colourless strips, almost completely soluble in 
water: forms a large quantity of thick, taste- 
less, and odourless jelly. Dilute H^SO^ forms 
galactose, characterised by its conversion into 
galactonic acid by Br^ and Ag^O. This galactose 
is formed from a carboliydrate, CJI,„0„ present 
■ in the agar-agar (Bauer, J. pr, [2] 30, 307). 
AGAEICIC ACID 


C,fiH 3 oO,aq. [139°] (J.) ; [145*7°] {¥.). S. *8 at 16®. 
Obtained, together with agaric resin, from the 
larch-fungus [Boletus Laricis) by extraction 
with dry ether (Fleury, C. B. 70, 53) or with 
90 p.c. alcohol (Jahns, Ar. Ph. [3] 21, 221,200). 

Four-sided, silvery plates (from 90 p.c. 
alcohol at 60°) or prifms (from dry alcohol). 
V. sol. hot glacial HOAc or oil of turpentine, 
m. sol. chloroform or ether, v. si. sol. ben/.ene or 
cold water. Swells up and dissolves in boiling 
water but crystallises out again on cooling. 
Oxidised by IINOj to outyric and succinic acids. 

Amorphous, insoluble pps. The 
neutral salts, lose H.,0 at 120° 

becoming M,C, A,0,.-NH,HA".-Na,A" (at 
120°).— K^A".— BaA".— Ag.^^" : gelatinous pp. 
Hot alcoholic solutions give, with AgNO,, a jip. 
of Ag 3 C,aH 3„04 (Jahns). 

AGARICIN. The fiy-agaric (Agaricus albus) 
yields to alcohol a non-nitrogenous crystalline , 
powder having a sweet taste with bitter pungent 
after taste ; slightly soluble in water, insoluble 
in ether; decomposed by boiling with dilute 
acids, or by contact with saliva, yielding a 
substance which exerts a slight reducing power 
on alkaline copper-solution (Schoonbroodt, J. 
1804, 613). According to Jahns [J. 1883, 1100) 
it is identical with agaricic acid. II. W. 

AGARIC RESIN v. AcrAKicic Acin. 

Bed, amorphous, solid ; melts at 89*7° ; dis- 
solves in absoli’J^ alcohol, ether, wood-spirit, 
and cliloroform, but is insoluble in water, 
henzeue, and CS^ ; slightly bitter ; dissolves in 
alkalis. Na salt precipitated by aleohol in Hocks 
changing in 24 hours into long needles. Forms 
precipitates, mostly crystalline with metallic 
Balts (Fleury. C, B. 70, 53). H, W. 

AGARICUS. A genus *01 Fungi, Many 
fungi, especially the agarics, contain an amount 
of nitrogen exceeding that in peas and beans, 
varyiifg from 3*19 p.c. to 7*26 p.c. (Schlossbcrgcr 
a. Dopping, A, 62, 106). • j 

The solid tissue consists of cellylose. Agaric f 
eontain tuannite and fermentable sugar, but no 
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sometimes associated mslic or citric acid. 

Agaricus hulbasuS and A, integer yieM 
crystallisable hydrochlorides and plalino^ 
chlorides of basic bodies (Thorner). ^ . 

Agaricus ruber or sanguineus contains a 
colouring-matter,yM6e||i7te, soluble in water 
and in alcohol. It is rose-red by transmiUed 
light, having two absorption bands in the green„ 
but it exhibits strong blue fluorescence. Piluto. 
IlCl extracts an alkaloid, agarythrine, from 
the fungus ; this alkaloid is converted by 
oxidising agents into a red substance, possibly 
ruberine (T. L. Phipson, G. N. 46, 199). 

Agaricus integer^ contains an acid, with 
following properties : white needles [70°], very 
soluble in ether, benzene, C8..., CIICl,, hot 
alcohol and acetic acid, insoluble in w^ater, and 
cold alcohol and acetic acid. — A'.^Pb : insoluble 
white pp. [114°]. The alkalijie salts are sparingly 
soluble in cold water, and the salts of the heavy 
metals, insoluble (Thorner, B. 12, 1635). 

Agaricus atramentosus to boiling ether 
a dioxyquinone C,,H„ 03 (OII) 2 . Dark brown 
metallic-shining lamina;, dissolving with yellow 
colour in alkalis, insoluble in water, ether, light 
petroleum, benzene, chloroform and CS.^. Sub- 
limes with great difficulty in yellow microscopic 
tablets. It is reduced by boiling its alcoholic 
solution w’ith zinc-dust, the resulting colourless 
liquid becoming yellow-green again on exposure 
to the air. The ammonium salt is a green 
crystalline powder, dissolving readily in water 
with violet colour, nearly insoluble in boiling; 
absolute alcohol.— Ba salt : dingy flesh-coloured 
crystalline precipitate (Thorner, B. 11, 633k 
Tlie diacetyl derivative C, 3 H ,204 = C,jH,02(0Ac)^ 
forms small reddish yellow tablets. 

Boletus Laricis contains besides agaricic 
acid and (25 p.c. of) agaric resin also 3 to 6 p.c. 
of a neutral body, which crystallises in needles^ 
[272°], and may be sublimed (E. Jahns, J. 1883, 
1400). H. W. 

AGAVE. Well preserved juice of Agavs 
ainericana, sp. gr. 1*046 at 16° was found by 
J. Boussingault [A. Ch. [4] 11, 447) to contain 
in 1000 parts : 26*15 levulosc, 61*71 saccharose, 
3*53 malic acid, 6*45 gum, 10*13 album*, 0*06 
ammonia, 6*21, inorgauic salts, and 886*46 water. 

H.W. 

AGE or AXIN. The fat of Coccus Axin grow* 
ing in Mexico, consists of tlie glycerides of lauric 
and axinic acids (Hoppe, J. 1860, 324). H. W. 

AGGREGATION, STATES OF.— In this ar- 
ticle the dilTerences between the properties (d 
bodies in the solid, the liquid, and the gaseous, 
condition, are looked upon as due to differ- 
ences in the state of aggre^tion of those small 
particles, of wliich, according to the molecular 
theory of the constitution of matter, all bodiet 
are composed. According to this theory, oiBf 
power of subdividing i^atter cannot 4)e caniaci 
beyond a certain limit, whatever means — chemi* 
cal, physical, or mechanical— we Anploy. In 
other words, the theory asserts that the largest 
quantity of a body which we cannot subdivide by 
any means in our power is of fimto size ; it it 
called the atom of the substance of whi^ tb% 
body is composed. Each elementary ^ody has 
its peculiar atom, and the union of atoms iA 
different kinds forms the smallest quantity 



OSH txist of a eottipound sabetimed ; IM^' j pot- oniy vi^y diSerdni 
however, cannot, in accordance with the aefini- the gaseoiia atate btit that these n^ecuUr aggir¥ 
<^on, be called an atom, since, by the nature, of gations vary very much in coifiplexity among 
the case, it can bedividedoy chemical, and often theig, selves. These molecular aggregations are 
evenby physical, means. Though matter can be probably not permanent but are continually 
divided down into atoms by chemical means, breaking up and w\eir constituents changing 
yet we have reason ^ believe that ^YllPn only partners ; this breaking up and re-formation of 
physical processes are going on the sub-division the molecular aggregations would produce the 
of matter is not in general carried so far ; and same effect as the collisions between the mole- 
that just as in &n army, though the unit is the cules of a gas, that is, it would tend to equalise 
individual soldier, yet for military purposes the the distribution of momentum and energy, so that 
aoldiers forming a regiment always act together, it would make the substance possess viscosity, 
80 in matter, groups of atoms, called molecules, and bo able to conduct heat. In fact, the 
remain together for a considerable lime. The collision between two molecules of a gas is the 
molecule, however, is a very much less definite formation and breaking up of a molecular aggre- 
thing than the atom, and it must not bo assumed gation, and the difference between this case and 
without proof in each case that the term has tliat of a solid or a liquid is that the ratio of the 
always a definite meaning, or that there may time the molecular aggregation lasts to the time 
not in the same body be molecules consisting of wliich elapses between the formation of sue* 
very different numbers of atoms. There is cessive aggregations is much smaller in the case 
strong evidence, too. that, in some cases at any of the gas than in that of the liquid or solid, 
rate, the molecule does not always consist of the The simplest state of aggregation wo can imagine 
«ame atoms ; the molecule after a time seems to is one where the molecule and the atom are 
break up and the constituent atoms find fresh identical, that is, where the molecule consists of 
partners. In some cases, however, such as only one atom; this case is realised by a mon- 
those of the permanent gases, we have reason atomic gas such as mercury, and possibly by all 
to believe that the number of molecules which gases wlien the temperature is sulliciently liigh. 
consist of the same number— say n — of atoms. The properties of matter in this state have not 
is enormously greater than the number of those been investigated with special regard to the 
consisting of any other number of atoms. If, differences between this and more complex 
however, we raise the temperature, then, in the states of aggregation ; Schuster (Pr. 1885), how- 
case of some gases at any rate, dissociation sets ever, has shown that the phenomena of the 
in; that is, there are now a considerable number electric discharge through mercury vapour are 
of molecules in which the number of atoms is quite different from those occurring in a gas 
less than n ; this is shown by the abnormally whose molecules are polyatomic, 
smalldensitiosofsuch gases at high temperatures. In the case of most elementary gases the 

On the other hand, the density of a vapour near molecules consist generally of two atoms, and 
its point of condensation is often abnormally this ease lias received by»*far the largest amount 
great, as in the case of acetic, formic, and mono- of attention botli from the experimental and the 
chloracetio, acid; a part at any rate of this theoretical point of view. The most important 
increase in density would seem to be due to the results of the kinetic theory of gases from the 
formation of molecules consisting of a greater chemicalpointof view arc:— first, A^vogadro’s law, 
autiiber of atoms than those formed when the which slates that*in equal volumes of all gases 
temperature was raised far above that of the at the same temperature and pressure there are 
point of condensation. the same numbers of molecules. From this it 

According to the molecular theory of matter, follows at once that, as long as all the molecules 
"the difference between the molecular constitution consist of the same number of atonns, the ratio 
^boaiesinthe solid, liquid, and gaseous, state of the molecular weights of two gases is the 
is that in the solid state the molecules oscillate same as the ratio of their densitiej^. It must, 
about a position of equilibrium and never got j however, bo clearly understood that this result 
far from their original i)ositioii in tlie body; in is only true for perfect gases, that is, for gases 
the liquid state the molecules are supposed not in which the pressure is produced entirely by 
to OBcillato about positions of equilibrium, but the striking of the molecules agjiinst the sides 
to bo comparatively free to move in any direc- of the vessel containing the gas, and not at all 
tion ; they cannot, however, move far without by the force between the molecules. If a gas 
coming under the influence of other molecules, obeys Boyle’s law it is a ijerfcct gas for this 
80 that their cour.scs arc constantly being purpose, and we may apply Avogadro’s law to it; 
changed and do not bear any approximation to this law is not, liowever, appTlcable when Boyle's 
straight lines ; in the gaseous state the mole- law does not hold. If the departure from the 
eules are so far apart thnt^for the greater part law bo sligh^, and if be the deviation of pres* 
o! the tmio they are describing straight lines, sure from that given by Boyle’s law, then the 
Uie time during whicliKhey are under the iriflu- number of molecules in unit volume will equal 
linoe of (jther molecule being an exceedingly the number in the same volume of a perfect gas 
ttnaU fraction of the whole time. at the same tempoxature and pressure multiplied 

We must be careful to remember that there f 
ia ilO evidence that the molecules in the liquid by< 1— where pis the pressure. This eorreo* 
or solid state consist of the same number of ^ v 

•lomf /w those of the same substance in thcL tion is qvite appreciable ia the oase.of all but 
gaaeoui state ; but that on the contrary it scemsY the most permanent gases. Maxwell inyesti* 
most probable that in the solid and liquid states y gated the distribution of velooity among ;,t^ 
moleoulef are systems whose complexity is | molecules of a gas, and showed tnat when tha 
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%6i ill be moving with the same velocity ; he 
gave (P.ilf. [4% 19, 22) a formula which tells how 
many molecules there are whose velocities are 
between any assigned limits. We shalrhere, 
however, only give a few numbers calculated from 
that formula. To take the case of oxygen at 
O'^O., about -3- the molecules are moving with 
velocities of between 800 and GOO metres per 
s,econd, about ^ between 800 and 100, only 
fiibout ^ with velocities less than 100 metres 
per second, and not part witli velocities 
greater than 1,200 metres per second. The 
velocities with which the molecules of the same 
.gas are moving at diffeicnt temperatures are 
proportional to the square ro )ts of the absolute 
temperatures ; thus the distribution of velocity 
among the molecules of oxygen at 273°C. would 
be got by multiplying by a /2 all the velocities at i 
0°C. The velocities with which the molecules i 
of different gases are moving at the same torn- ! 
peraturo are inversely proportional to the square 
roots of their molecular weights ; thus, for 
example, the velocities of the liydrogcn mole- 
cules are on a scale four times as great as that 
of the oxygen molecules. 

"We can estimate by the methods of the 
kinetic theory of gases (see Meyer, Die Kme^ 
tische Theorie der Gas<^ the number of mole- 
cules in a cubic centimetre of the gas, and the 
diameter of the molecule, if tho molecule is 
looked on as a hard elastic sphere; or if the 
molecule be considered as a system, wo can 
estimate tlio distance between two molecules 
when their paths becoino appreciably curved. 
We find as tho result of such caiculations 
that there are about 21 trillion molecules 
in a eftbio centiinetro of gas under tho i 
pressure of 7G0 mm. of mercury at O^C ; ro 
that the mean distance between the mole- 
cules is between 8 and 4 millionths of a 
millimetre, or about 3*5 x 10"^ centimetres ; the 
diameter of the molecule «s probably between 
1 X 10’^ centimetres and 3 x 10'® centimotros, ' 
or between j and ^^5 of the mean distance i 
between the molecules. Another quantity which | 
it is important to know ir. the mean distance | 
through whicli the molecule passes bctw’een two i 
collisions; this is called tho meanfreo imth of 
tho molecule, and it is inversely proportional 
to tho density. Tor hydrogen at tho pressure 
of 7G0 mm. of mercury tho mean free path is 
about 1'8 X 10 centimetres; at the pressure of 
1 mm. the free path is about yj of a millimetre ; 
and at a pressure of a milliontli of an atmosphere 
about 18 centimetres. When tho free path is ‘ 
comparable with tlio dimensions of tho vessel 
in which tho gasH inclosed, the gas can exhibit 
phenomena of a different character from those 
shown when the free path is indefinitely small 
compared with the dimensions of tho vessel. 
The radiometer exhibits effects of this kind, and 
Crookes has called a gas rarefied so much as to 
show rotation in a radioniotor, matter in tho 
fourth or ultra gaseous state. But this is using 
tho word state in a different sense from that in 
whiohs it is used in the phrases solid, liquid, 
and gaseous, states; for these states do not 
depend upon anything but the matter itself 
\9rhild the ultra-^^ state depends upS i 
tfttift df ihft tree path to the other lengths 


involved; if we Inereased att the lengths |hro- 
portionately to the rafefaotion, the gas would 
not show any of those properties which character- 
ise the so-called ulfra-gaseous state, while, on 
the other hand, if we experimented with small 
enough instruments we could get all the ultra- 
gaseous effects mi^ifest^ by a gas at the atmo* 
spheric pressure. 

The distribution of energy among the mole- 
cules is of much chemical interest. It seems, 
liowever, that in one respect the. results of 
theory have been misinterpreted; it has been 
said tliat because iodine, for example, is dis- 
sociated at a temperature a little over 600®, and 
since in iodine at any temporaturo therb are. 
some molecules possessing the same amount of 
energy as those which are split up at GOO®, that 
therefore these molecules ought to be split up, 
and if any siibstanco were jiresent capable of 
combining with free iodine tho whole of the 
iodine w'ould ultimately combine with this sub- 
stance. Now although there are apparently no 
experiments which may be called secular to say 
whether or not this would ultimately happen, 
yet it is certain that it does not liappen so quickly 
as theory would indicate, if every molecule 
w’hich possessed the same kinetic energy as 
that possessed by the average molecule at 600® 
were straightway dissociated and entered into 
combination with the other substances present ; 
there seems, however, to bo no reason why this 
should be tho case, for thougli one molecule at 
0° may have the same cnci gy as one at 600®, 
yet dissociation must depend upon the surround- 
ing molecules as well as upon tho molecule 
itself. Now the molecule at GOO®, though It 
possesses at any instant tho same energy as one 
at 0®, is yet surrounded by molecules which are 
moving very much faster than itself, and whose 
energy is much more nearly equal to its own, so 
that it is not so likely to lose its energy by 
collision with other molecules as the molecule 
at 0® which is surrounded by molecules with 
much loss energy than itself. For this reason the 
tendency to dissociate will be very much greater 
at 600® than at 0°, and a molecule at tho former 
temperature may di.ssociate while the latter may 
lose its energy before tliis can happen. * 

The distribution of energy affects the specifio 
lieat very much ; so tluit if wo know the 
value of the specific heat wo can tell a good 
deal about tlie energy of the molecule, as the 
following theoretical investigation will show* 
Let us begin with tho case of a gas the molecule 
of which is of any degree of complexity, measured 
by tho number of degrees of freedom, p. There 
is a theorem duo to Boltzmann which states 
that the mean energy coftrosponding to each 
degreo of freedom ns the same, so that the mean 

■i/ J) 

total energy of the molecule is'^timcjthe m(^ 

energy duo to the translatory motion 0! the 
centre of gravity. Though there is very strong 
evidence against the truth of the theorem in this 
form, and the mathematical proof of it is un- . 
satisfactory, yet a very special case of it is pro- 
bably true, viz. that if wo have a molqpule eon^^ 
sisting of n atoms approximately symmetrically 
arranged (that is, if the distance between a paE| 
tioular pabr of atoms is not always very mooa 
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jess thtm (he distances between the other pairs), 
then the ratio of the mea'h total kinetic energy of 
the molecule to the energy due to the translatory 
motion of its centre of grtP/ity is proportional 
to », the number of atoms in the molecule. 

Let the ratio of the total kinetic energy to 
the translatory energy^! th(^ centre of gravity, 
which by the kinetic theory of gases is measured 
by P the absolute temperature, be /3n. Then the 
total 'kinetic energy in the gas = jSN'd, 

when n' is the number of atoms in the gas. If 
all the atoms be of the same mass, ?n, and the 
quantity of gas be the unit of mass, then N'm = 1, 
80 that the total kinetic energy in the gas 

^ same for all elementary 

gases, is inversely proportional to the atomic 
weight of the gas. If the gas had been a com- 
pound such that each molecule consisted of a 
atoms of mass ??i, 6 of mass 7/i', c of mass m", 
and so on, then for unit mass of the gas, 

N'(ma + 7n'b + ^ 

+ ^ + c) 

•0 that the energy in unit mass 


0O(a + 6 f c) 

“ma + m'6 + 

Now a+b + c is the number of atoms in the 
molecule, and 77ta + fji'b + 7?t"c is the mass of a 
molecule, so that the energy of unit mass 
^/3d{number of atoms in the molecule) 
mass of the molecule. 

ns first suppose that all the energy in the gas is 
kinetic, then the energy in unit mass of the gas 

at temperature 9 is ~ so that the specific heat is 

30 * 

— or the product of specific heat into the mass 

Tftf 

of an atom, which is called the atomic hcjit, is 
equal to j8, and, as experiment shows, does not 
vary much from gas to gas. For a compound, 
we see from the expression given above for the 
energy, that the product of the specific heat into 
the mass of a molecule equals )8(numi)er of atoms 
in the molecule), so that for all perfect gases, 
simpli or compound, the product of the specific 
heat into the mass of the molecule = i8(numbcr of 
atoms in the molecule). Wo may remark that 
with our assumptions the ratio of the specific heat 
at constant pressure to that at constant volume 


-1 + ; 


p/n 


/number of atoms in the 
molecule, 

when Sp is the deviation of the pressure from 
that given by Boyle’s law. The experimental 
results show that fdt most perfect gases, simple 
or compound, the molecular heats are constant, 
showing that 3 is constan+r^'or such gases, or 
that the whole kinetic energy is proportional to 
tile prodifbt of the number of atoms in the mole- 
cule^ and ^the energy due to the translatory 
motion of the centre of gravity. There are, 
however, some simple gases, such as chlorine 
and bromine vapour, whoso atomic heats are 
much higher than the value given by the above 
rule. T]|},eso gases are, however, easily liquefied, 
and so when heat is applied, work is done in 
idteiing the molecular state as well as in raising 
The temperature; this will produce an effect 


equivalent to increasing /8, and will therefore 
explain the large value of the atomic heat.* 
We should expect a large value fol this quantity 
too if the gas were dissociating. > There are 
some compound gases, on the other hand, such 
as ammonia, cthylbne, and marsh gas, whose 
molecular heats are too small to agree with tha 
above rule, if we suppose that the number of 
different systems in the molecule is the same as 
the number of atoms indicated by the chemical 
formula of the gas. If, however, two or more 
atoms always remain close together, they will 
for our purpose count as one atom, as it is only 
when the molecules are approximately symme* 
trically arranged that we can assume that tho 
total energy is proportional to the number of 
atoms. The total energy is proportional to tho 
number of distinct systems ; and if a group of 
atoms always remain close togetlier they only 
count as one system, however many atoms there 
may be. If, for example, the atoms in a radicle 
always remain together, tho radicle, for thia 
purpose and in the formula for tho ratio of the 
specific heats, will only count as one atom. We 
may therefore regard those compounds which 
have too small atomic heats, as consisting of but 
few separate systems, though there may be a 
great number of atoms in tho molecule. 

The determinations by Dulong and Petit and 
others of the specific heats of elementary bodies 
in the solid state show that for these bodies the 
atomic heat is approximately constant, while 
Kopp’s experiments on the specific heats of com- 
pound solid bodies show that for many such 
solids the product of the mol. w. and the specific 
heat is proportional to tho number of atoms in 
tho molecule, just as for gases. The expression 
for tho kinetic energy of utfiit mass of 11 solid will 
probably be of tho samo form as that wliich we 
found for a gas ; for this only depends upon the 
assumptions that the absolute temperature is 
proportional to the mean energy due to the 
translatory motioneof the centre of gravity of 
the molecules, and that tho ratio of the mean 
total kinetic energy of tho molecule to the 
mean energy duo to the translatory motion of 
the centre of gravity is proportional to the num- 
ber of atoms in the molecule. These assump- 
tions will probably hold for tho solid and liquid 
as well as for tho gaseous state. We must re- 
member that wlien heat is applied to a solid or 
liquid, work is done in altering the molecular 
configuration as well as in increasing the kinetic 
energy of the molecules. All solids and liquids 
appear to be able to get into a condition in 
which tho specific heat does not alter with the 
temperature, and it is in this condition that the 
atomic heat is constant. Ifbw if tho specific 
heat is independent of the temperature, tho 
work spent in altering the molecular configura- 
tion must bear a constant ratio to the work 
spent in increasing the kinetic energy ; and i£ 
tho atomic heat is constant this ratio must be 
the same for all sul^stancos ; so that Dulong and 
Petit’s experiments show that when heat is 
applied to a solid or liquid it is divided between 
the energy of molecular configuration and the 
m(!an kinetic energy, in tho same proportion for 
^11 substances ; and since for many substances, 
\uch as iodine, bromine, mercury, tkc., the^ 
specific heat in the solid state is twice that in 
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the gaseous, it is equally divided between these 
toro fo:ms of energy, a result which purely 
dynamical con|iderations would also lead us to 
regard as the most probable one. The specific 
heats of liquids seem to be more irregular Ithan 
those of either solids or- gases, but the 
bodies for which this is the case are those whose 
melting and boiling points are comparatively 
close together, and we may suppose that the 
nature of the molecular configuration alters 
with each change in temperature, and this 
makes the specific heat abnormally large. The 
specific heats of those substances which exist in 
the fluid state through wide ranges of tempera- 
ture seem to bo the same in the solid and fluid 
states. 

When the specific heat of a solid compound 
is much smaller than the number of atoms in it 
would lead us to expect, we may, just as in the 
case of a gas, conclude that two or more atoms 
always remain close together in the molecule. 
It is important to notice, however, that the 
specifio heat cannot give us any information 
about what we may call the molecular aggrega- 
tion of the solid or liquid, that is it affords no 
information as to whether the molecules are 
isolated or form groups, for if we su 2 >poso the 
molecules to unite and form more complex ones 
the atomic heat would remain the same as long 
as the energy was equally divided among the 
atoms or radicles forming the molecules. 

Change or State.— Gaseous to Liquid. 

By the application of great pressure accom- 
panied when necessary by intense cold, all gases 
have been liquefied, and during this process they 
pass through all intermediate states, so that at 
some stagc<of the process it is impossible to tell 
whether the substance fs a gas or a liquid. It is 
found that there is for each gas a temperature 
above which it cannot bo liquefied by the aiipli- 
cation of the most intense pressure, so that at a 
temperature higher than this^the substance can 
only exist as a gas. This temperature is called 
the critical temperature, and Andrews has pro- 
posed to call a substance at a temperature 
higher than its critical temperature a gas, and 
one which though in a gaseous condition is yet 
at a temperature lower than the critical tem- 
perature, a vapour. Van der Waals {ContimuUU 
des Qasfoimigcn uiid flilssigen Zustandes, 87), 
and Clausius {W. 9, 1880), have shown how to 
calculate the critical temperature from the 
difference between the pressure of the gas in 
any state and that given by Boyle’s law. 

We shall here confine ourselves to showing, by 
general reasoning, that a critical temperature 
must exist. When edbody is in the liquid stato the 
ratio of the work required to separate the parti- 
cles to an infinite distance to the kinetic energy 
of the molecules must exceed a certain limit, for 
the substance will behave as a liquid or a gas 
according as the forces between the molecules 
are or are not able to change theirkiuetio energy 
appreciably in the interval from one collision 
to another. The molecules will change their 
kinetic |nergy appreciably if the ratio of the 
alteration in the mutual potential energy of th^ 
molecules to their initial kinetio energy is finite^, 
but for this to be the case the ratio pf the work 
requiiad te separate the molecules to an infinite 


distance ^ must be finite, so for a body to be in 
the liquid condition this ratio must exceed a 
certain quantity, say, b. Let v be the work re- 
quired to separate one of the molecules from the 
remainder, and t the kinetio energy of the transla- 
tory motion which is proportional to the absolute 
temperature ; thei^ the j^ubsfcance will behave 

like a liquid if ~ be greater than b, but like a 
T 

gas if ~ bo less than this quantity. Now ? 

cannot bo greater than the work, v', required to 
separate the molecules when they are quite close 

together, so that when t> X the substance 

II 

will always behave like a gas. Now t is pro- 
portional to the absolute temperature, so that 
when tile absolute temperature exceeds a certain 
value the substance will always behave like a gas, 
that is, it cannot be liquefied. This shows that 
there must be a ‘ critical temperature,’, and it also 
shows that the critical temperature is propor- 
tional to the work required to separate the mole- 
cules ; a measure of this will bo the amount of 
heat required to convert the substance from a 
liquid into a gaseous state under infinite pres- 
sure. We can take as a practical measure the 
latent heat of the substance. The mean kinetio 
energy of the translatory motion equals tho 
absolute temperature, so that if be the latent 
heat, 0 the critical temperature, nv' will be pro- 
portional to /i, where n is tho number of mole- 
cules in unit mass, and t is proportional to ff, 

80 that since is constant, we should expect 

to find that the critical temperature multiplied 
by the number of molecules in unit mass — or, 
what is proportional'to it, the reciprocal of the 
molecular weight - ought to be related to the 
latent heat so that when one is great the other 
is great also. The following table will show 
that this condition is approximately fulfilled 
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Passage from the Liquid to the Gaseous 
State. 

Though it requires the application of pressure 
and cold to make a substance pass from the 
gaseous to the liquid state, yet the si^stance 
^ will always to a limited extent pass of itself 
from the liquid into the gaseous state. In the 
space over a liquid in the equilibrium oonditiuii 





li alwAyg A QtiAntitj bl ; it^ ira]^ttir ot^e 
i^e quan^ty oi^Tapotu in unit roluoie 
ci^ndijig 0^7 on the nature of the liquid and 
the temperature ; in othqr words, the vapour 
Alerts a definite pressure called the vapour pres- 
iure (often erroneously the vapour tension). If we 
have a quantity of liquid in a vessel furnished 
with a piston the liquid fdll evaporate until 
there is a certain quantity of vapour in each 
unit of volume above the liquid ; if \se depress 
the piston so that this volume diminishes by 
y then a quantity of vapour equal to that in 
volume V will condense ; if the piston be raised 
^gain the vapour will be re-formed. In this 
way we can have a coutinual transference from 
the gaseous into the liquid state and back again. 
In this process, however, we have only matter 
in these two states and have no continuity of 
•«tate from the gaseous to the liquid as w'e had 
in the process by which the permanent gases 
are liquefied. The vapour pressures of different 
liquids vary enormously ; thus for sulphuric acid 
the vapour pressure is so small as to be almost 
inappreciable ; for sulphuric acid, mixed wdth its 
own volume of water, it is about one-eighlh of a 
mm. at 15*^0. ; forwaterat the same temperature 
it is about 12-G mm. ; for alcohol, 32 mm. The 
vapour pressure always increases as the tem- 
perature rises, but until the temperature reaches 
a certain value depending on the pressure, the 
liquid w’hich evaporates is always that on the 
surface, and none of the liquid in the interior 
•passes into the ga‘'eous condition. When, how- 
ever, the vapour pressure becomes greater than the 
pressure on the surface of the liquid, the bubbles 
of vapour w'hich form on the sides will be at a 
pressure equal to or greater than the j)rcssure 
in tho surrounding fluid, and so will exi)and 
and be able to reach tho top without con- 
densing. When this takes place, i.c. wdicn 
portions of the liquid not on the surface are 
converted into gas, the liquid is said to boil. 
The temperature of tho boiling-point will increase 
with the prc.ssure ; it cannot, however, even by 
the application of an infinite pressure, bo raised 
above the critical tempe rature of the substance. 
Bodies which have small vapour pressures at 
■ordinary temperatures have high boiling-points; 
but it does not follow’ that because the vapour 
pressure of one substance is at some tempera- 
ture greater than that of another its boiling- 
point will bo lower; for example, at 15'^C. the 
vapour pressure of carbon tetrachloride is greater 
/than that of methyl alcohol, though its boiling 
point is higher. According to the molecular 
theory, some of the molecules manage to escape 
from the liquid, we may suppose because they 
..are moving so fast as to be able to escape from 
the attraction of the other molecules ; on the 
'Other hand, some of the ij^/lecules of tho vapour 
iftrikc the surface and^1.o’ caught by the mole- 
••ottles af liquid. Wl^n things are in a state 
■of equilibrium as many molecules escape from 
rthe liquW as are caught by it. 

Although the vapour densities of many sub- 
atances have been determined, few experiments 
•Beeni to have been made on the rate of evapora- 
■tion imd condensation. The knowledge of theso 
»rate8 would very much increase our knowledge 
'OC the constitution of fiuids. I 

The forces between the molecules in the 


state must be 

not be able to s^wnd work upon a liquid withpiU 
increasing the kinetic energy, as we do wh^ wa 
convert water into steam at the same tempera* . 
tureq The latent heat may be taken as a mea* 
sure of the potential energy lost by the transi- 
tion from the gaseous to the liquid state* In a 
fluid the potential energy of the molecular con- 
figuration seems to depend only on the mean 
distance betw'ecn the molecules ; for the fluid 
resists anything tending to diminish its volume, 
but does not resist anything tending to change 
its shape. When the fluid is in such a condition 
that its specific heat is independent of the tem- 
perature then any increase in the kinetic energy 
must be accompanied by a proportionate increase 
in tho potential energy of the molecular con- 
figuration. Now, if the forces between the mole- 
cules are large it will require a smaller increase 
in the distance between them to increase the 
potential energy by a given amount than if they 
were smaller ; so that for a given increase in the 
kinetic energy, that is, a given rise in tempera- 
ture, the increase in volume will be less when 
tho forces between the molecules are great than 
when they are small, .so that the coefficient of 
expansion w'ill be small when the forces between 
tho molecules arc great, but when the forces 
between the molecules are great the fluid is in- 
compressible and the product of the mol. w. and 
latent heat is large ; so that we should expect a 
small coefficient of expansion, incompressibility, 
and largo latent heat for equal volumes to go 
together, and wc find by the following tables 
of theso quantities that this seems to be tho 
case. 


Substance • 

Proilnot 
latent beat 
and mol.w. 

Ooeffl- 

cffeiit of 
exjian- 
sion 

Oom- 

pressl- 

bllity 

Water, IT,0 . . , . 

11,088 

•000065 

4’61 

I'.enzcno, 0,1 F, » • • 

8,502 

•00138 


>i\eetono, CjIInO . • 

8,120 

•00172 


Ch!«m»fona, CJfOl, * 

7,9>iG 

•00140 


Carbon t'-tracbloride, CCI, 

7,'JOl 

•00140 


Kthcr (0,ll,),n . 

6,956 

•0021 

10-8 

Ctirbon bidUlpliiJe, CS, 

6,8-10 

! 'OOUG 

6*26 


A peculiarity of water is that it is denser at 
4°C. under atmosiflieric pressure than at any 
other temperature under the same pressure ; we 
may perhaps su})poso that this is duo to somo- 
tliirig of the following kind. Wo know that 
w’lien water freezes it expands and crystallises 
in the hexagonal system ; now wo may suppose 
that, before tho water solidifies, molecular aggre- 
gations are formed which possess the same pro- 
perty as is possessed by tlie ice crystals, viz. 
that when the molecules #re arranged in this 
way they occupy a greater volume than when 
arranged uniformly— tho formation of theso 
aggregatioss would tend to increase the volumo 
and might be sufficient to more than oountor* 
balance the diminution due to the nearer approaoti 
of those particles which do not form these aggre- 
gations. 

CiiANOE OF State from Solid to LiqvzD. 

Wlien the temperature of a solid^is Taisod 
sufficieiAly high it begins to melt. There; aff 
two kinds of melting ; in the one, as in thoiaaa^ 
of ice, if tSe heat ia applied alowly the teuBj^tta* 
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toxa^i tthiU all tlte lalnilimoe 
parsed ircmi aoHd into the li<|uid 
state in this CAse there is a definite melting- 
point. In the otner case, o! which an example 
u the melting of sealing-wax, the subst^ee 
first begins to soften, then as more heat is ap^ied 
it gets softer and softer, its temperature, however, 
increasing until when a certain temperature is 
reached the substance is liquid; in this case 
there is no definite melting-point, as the process 
U spread over a considerable range of tempera- 
ture. This would seem to imply that the sub- 
stances which melt in the second way are not 
perfectly homogeneous in structure, but contain 
molecular aggregations of various degrees of 
complexity, which get gradually split up as the 
temperature rises ; while those substances which 
melt like ice have a more uniform constitution, 
so that any change of state takes place simul- 
taneously through the molecules. This would 
obviously tend to make the- transition more 
definite. This view is in accordance with the 
fact that crystalline bodies, which are generally 
regarded as being more uniform in structure 
than non-crystalline, all melt in the same way 
as ice. Sealing-wax in the state of transi- 
tion is what is called a viscous body ; so that 
on this view a viscous substance is regarded as 
a mixture of molecules some of which arc in tlie 
same state as they are when the substance is 
liquid, and some are in the same state as they 
are when the substance is solid. A dynamical 
illustration will enable us to see how such a 
body might behave like a rigid body under the 
action of rapidly changing forces, and like a 
fluid under constant or slowly varying forces. 
Suppose we have a series of heavy spheres con- 
nected by gtrong springs placed upon a hori- 
zontal table, and that^ne end of this row of 
spheres is fastened to a peg which cannot sustain 
a tension greater than t without breaking; 
then if a steady pull, t, be exerted at the other 
end of the row of spheres the string will break, 
but if the tension at the eift, instead of being 
steady, be periodic, and if the period of vibration 
be greater than the natural period of vibration 
of the spheres and springs, then if the number 
of spheres bo great enough the string will not 
break, though a tension enormously greater than 
T is acting at the other end. This is quite a 
parallel case to that of the viscous fluid; tho 
springs and spheres correspond to those mole- 
cules which are in tlie same condition as wlien 
the substance is solid, tho string to those in the 
fluid condition. 

The change of state from solid to liquid 
seems to be always accompanied by a change in 
columo, and when ^lis is so the molting-pohit 
—as J. Thomson proved— must be altered by 
the application of pressure. Thomson showed 
that this followed from thermodynamical con- 
siderations ; and that when the sub3tanceexi)anded 
on solidification, like ice, the melting-point was 
lowered by pressure, but when the substance con- 
tracted on solidification the melting-point was 
raised by pressure. The most important sub- 
ctanoea which expand on solidification are water, 
bismat*^, antimony, and cast-iron ; none of these 
eryst^ses in the re^lar system, so tl!at we may 
|optK>se that the molecules are arranged unsym-# 
Uuit while gome are ndbrer together 


than wheu in the state, others further 

apart, producing on the whole an increase of 
volume^ * 

The specific heat of a body in the solid 
condition is in generat less than when it is in 
the liquid, except for those substances whoso 
melting and boiling-points are very far apart, 
when it seems to be #boutebhe same in the two- 
states ; if wo know the specific heat of a sub- 
stance in both the fluid and the solid state at 
all temperatures, we can find the amount of 
heat necessary to convent unit mass of the sub- 
stance from the solid to tlie liquid state. For 
Clausius has proved that if \ be tho latent heat 
at the temperature t, s, and s. the specific heats 
in the solid and liquid states respectively at 
the same temperature, then 


A similar equation will apply to the change 
from the liquid to the gaseous state. Some 
bodies, such as camphor and iodine, sublime, 
that is pass directly from the solid to the gaseous 
state, and as these bodies exhibit a definite 
vapour-pressure— they must also pass directly 
from the gaseous into the solid states. 

In the solid and liquid states the molecule ifl 
probably a very much more complex thing than 
the gaseous molecule, it is probably also not 
nearly so definite. Maxwell, in the article 
‘ Atom ’ in tho E7icyclop(sdia Bntannicat showsr 
how tho hypothesis of groups of molecules of 
different degrees of stability would explain the 
residual effects of elasticity, and states that in 
his view a solid consists of groups of molecules, 
some of which are in different circumstances 
from others. J. J. T. 

AGONIADIN CioHj^Oe. A crystalline bitter 
substance occurring in Agouiada bark (from 
Blumcria which is used in Brazil as 

a remedy for intermittent fever. Needles, very 
bitter, V. si. sol, ether, v. sol. hot alcohol, and 
CS... Nearly insoluble in cold, easily soluble in 
boiling water. When boiled with sulphuric acid 
it yields a sugar (Peckolt, Ar. Fh. [2] 1^, 

ALACREATINB C^H.N.O., i. e, 
Nn...C(NII).NH.CIIMc.C6jia-</i^a7JiJo.^qpio?iio 
acid. S. 6*3 at 15 ’. Formed by mixing cone, 
solutions of alanine and cyananiide, adding a 
little NHj, and allowing the mixture to stand 
(Baumann, A. 1G7, 83). Small prisms, v. si, 
sol. cold alcohol. At 180^ it changes into its 
anhydride, alacreatininc. Boiling baryta-watet 
forms alanine and urea, or its decomposition- 
products, CO. and NIT3. ilgO oxidises it, forming: 
guanidine. 

M c t h yl-alacreatinc • 
NH,.C(NH).NMe.Cm[e.CO,TI. From a-methyl- 
amido-propionic aolLjCvanamido. and a little 
NIT;, (Lindenberg, JTw. [2] 12, 253). Mono- 
clinic prisms, si. sol. c^ water or alccAol. • 

ALACREATININE C^H.NjO aq. formed by 
dehydration of alacreatino by the action of heat or 
dilute acids, crystallises from water in long prisma, 
which give off aq in dry air or at 100^. M. sol. 
alcohol, more soluble in water than alacrcatine., 
With zinc chloride it forms crystalliq^ soalen 
(O^H^N.OjsZnCl,, S. 4*35 at 20®, T. f’ 
alcohol (Baumann, B. 6, ld71). 





M 

fl^orniio-proj^ic add. Mol. w. 89. S. 2'2.at 
' 17® ; S. (cold alcohol of 80 p.o.) *2. 

FonnaUon.‘--l. From ethylio a-chloropro- 
pionate and ammonia (Kolbe, A. 118, 220 ; 
Streoker, A. 76, 29).— 2. From a-bromopropionic 
acid and alcoholic ammonia (Kekul^, A, 180, 18). 

. Pre;paration.—An aqueous solution of 2 pts. 
aldehyde-ammonia is mixed with aqueous hydro- 
cyanic acid containing 2 pts. HCy; liydroehloric 
acid is added in excess ; the mixture is evaporated 
to dryness over a water-bath ; the residue is 
digested with a mixture of alcohol and ether, 
which leaves Nil, Cl undissolved (Strecker). 

Properties.— Tufts of colourless needles or 
oblique rhombic prisms, having a nacreous lustre. 
Sublimes at 200°. V. si. sol. cold alcohol, insol. 
ether. The aqueous solution has a sweet taste, 
does^ not affect vegetable colours and gives no 
precipitates with any of the ordinary reagents. 
Alanine is isomeric with urethane, lactainide, 
and sarcosine ; distinguished from the two former 
by not melting below 100°, and from the last by 
its solubility in water and its behaviour to 
metallic oxides. 

Reactions. — 1. Not altered by boiling with 
dilute acids or with alkalis. — 2. Fused with 
KOH, it gives off hydrogen and ammonia and 
forms cyanide and acetate of potassium.-- 3. 
Besolyed by boiling its aqueous solution with 
PbOo,into aldehyde, carbon dioxide, and ammonia ; 
CjHyNO^ + 0 = 0 + CO^ -f- NH3.— 4. Decom- 

posed in aqueous solution by 7iitrotis acid^ w’ith 
evolution of nitrogen and formation of lactic 
acid. II. w. 

ALANT CAMPHOR Occurs in 

elecampane root, and is obtained together with 
Bolid alantic anhydride by distilling with water. 
Liquid smelling like peppermint, boiling at 200°. 
Heated with P^O^, it yields a hydrocarbon C,„M,, 
which boils at 175°, and is converted by oxidisa- 
tion with chromic acid into terephthalic acid 
(Kallen). H. W. 

ALANTIC ACID C,,I1,A [01''].- Obtained 
from its anhydride (v. sup.), Slender needles 
(from alcohol). Dissolves sparingly in cold, more 
readily in boiling water, very easily in alcohol. 
The iMirium salt forms warty masses moderately 
soluble in water. The silver salt AgC,,H,,Oj 
forms small scales having a silvery lustre {Kal- 
len, B. 9, 155). 

Alantic Anhydride CiJLoO. [C0°], (275°), 
crystallises from dilute alcohol in prismatic 
needles. Easily sublimable. Dissolves very 
sparingly in water, very easily in alcoliol, ether, 
&o.— The chloride C,.,lJ.,O^Cl [140°] formed 
by passing HCl-gas into a solution of alantic 
acid in absolute Jllcohol, crystallises in largo 
rhombic tablets, molting, witli evolution of HCI, 
at 140°. It unites with^l/ises, forming salt.s 
which readily docompoA, with sei)aration of j 
metallic %hlorides. Dy f xcess of caustic alkali it ‘ 
is converted into dial antic acid, CJI.-O^ (?) 
—The aiifide C,Jl2,0,.*N"II, [210°], obtained by 
passing ammonia-gas into an alcoholic solution 
of the anhydride, forms small crystals, melting, 
with decomposition at 210°, slightly soluble in 
alcohol,^resolved by potash into ammonia and 
l^tic acid. H. W. 

l|^%j.jALBUM£N V, Puoteids. 


AtOAKins 0. AiJUXiMft. 

ALCOGSL. A gelatinous oompouhd d dUMa 
acid with alcohol (q. o.). 

AlCOHOL C.H,0 or EtOH alcohol, 
aqua vita). Mol. w. 46. (78*2°) at 762-7 mm. 

(R. Sohiff); (78-3°) (Regnault); (78-4°) at 760 
mm. (Kopp, A. 92, 9) ; (78-5°) (Perkin) ; (12*8®) 
at 20-9 mm. ; (21°) at 41-3 mm. (Kahlbaum, 

16, 2480). S.G. V •793(17 (S.) ; 1? -79503 (P.) : 
II -78820 (P.) ; -8000 (Priihl). S. V. 02-18 S.) ; 

62-7 (Ramsay). V.l). 1-C13 (for 1-591, Gay. 
Lussac). S.II. -015 (Kopp) ; -659 (20° to 78°) 
(Reis) ; -6019 (16°-20°) ; -0067 (16°-35°) ; -6120 
(16°-40-5°) (J. II. Schuller, P. Erghd. 6, 116, 
192). H. E. p. 58,170. H. F. v. 57,020 {Th. iv. 
229).^ 1-3G67 Roo 20-31 (B.). M.M. 2-78 (P.). 

Name.— Tho term alcohol was used in the 
time of Libavius (1595) to denote a powder. 
Spirit dried over powdered potassic carbonate 
was called spiritus alcolisatus. Kopp {Qeschichtc, 
iv. 281) suggests that this term does not mean 
spirit that has been treated with the powder, but 
that it is a corruption of spiritus alcnlisatuSt or 
spirit that has been treated with alkali. Alcolised 
or alcoholised spirit was then shortened to alcohol. 

I ^ Occurrence. — 1. In fermented saccharine 
I juices.— 2. In putrid, and even in healthy, 
tissues, such as ox-brain (B6champ, C. U. 89, 
573). — 3. In crude coal-tar benzene (about 2 
parts per million) (0. N. Witt, C. C. 1878, 416). — 
4. Ill the fruits and juices of some living plants 
(Gutzeit, A. 177, 344). — 5, In bread (Bolas, C. N. 
27, 271).— 6. In crude wood-spirit (V. Ileinilian, 
B. 8, 661). — 7. Together witli acetone, in the 
urine of diabetic patients (Markownikoff, B. 9, 
1441, 1603). 

Formation, — 1. By tho decomposition of 
glucose under the influence of ferments (u. 
P’kbmentation) : 0^1,.^,. « 2C.,H„0 + ‘AlOa. Levu- 
losc, maltose, and mclitose also give alcohol 
on fermentation. — 2. From olefiant gas by dis- 
solving it in cone. HuSO,, diluting and distilling 
(Hennel, P. M. 1826, 240; Berthelot, A. Ch. [8] 
43, 385) : C,II, + HtSO, C.JI,SO,H 

a,H,soji -h H.0 - c Aon + iisoa 

The absorption of ethylene is greatly facilitated 
by healing tho H^SO^ to 100° or, better still, 
170° (Goriainow a. Butlerow, A. 169, 147).—8. 
By reduction of acetic anhydride (Liiinemann, 
A. 148, 249), acetyl chloride (Saytzeff, J. pr. 
[2] 3, 76), or aldehyde, by means of sodium- 
amalgam. — 4. By heating ether at 170° with 
water slightly acidulated with (Erlen- 

meyer a. Tseheppe, Z. [2] 4, 343). 

Preparation.— \S\\ein. aqueous solutions of 
grape-sugar are fermented by yeast, 95 p.c. of 
the sugar splits up into alcohol and carbonic 
acid, but 4 p.c. goes to form succinic acid and 
glycerin, while 1 p.c. is use^ by the yeast as 
food. Small quantities of 7i-propyl, iso-butyl, 
and the two isp-amyl, alcohols, MeaCli.CH2.CH„OH 
and MeEtCll.CH.^OH, aro also formed. The 
mixture of theso four alcohols is known as fusel 
oil. According to Rabuteau (C. B. 87, 600), 
potato spirit contains also iso-propyl, w-butyl, 
and secondary amyl alcohols. 

The liquid to be fermented must contain 
nitrogenous matter and some inorganio falls to 
serve as tood for the yeast ; grape-iuioe, or a 
Lmixture of water with germinating barley (malt), 

I to which a tnash of potatoes may be added, are 



employ^; tit’ 

fem^ iia i»ftlt,<»nvett)jtheftUrcau 
«{ the pdtatoea into a ^ugar,' maltose, viiieh then 
andfirgoes alootiolioiermeniation. 

When any of these alcoholic liquids are 
distilled the first portions of the distillatp are 
rich in alcohol. By repeated rectification 
* rectified spirit ’ containing 91 p.c. of alcohol 
ma^ bo got. Fusel oil may be removed by 
adding to the spirit about •? of its weight of 
coarsely powdered charcoal, leaving the mixture 
to stand for several days, and stirring repeatedly, 
then decanting and distilling. Animal or blood 
charcoal may also be used. 

Absolute Alcolwl. — The last traces of water 
may be removed by repeated rectification over 
freshly heated KXO 3 , CaO, BaO, CuSO^, or CaCl.. 
The best way is to digest strong spirit with quick 
lime at 40° for two hours, and then, on distil- 
ling, to reject the first and last portions 
(Mendel 6 eff, Z, 1805, 260). If the spirit contain 
more than 5 p.c. of water a ^ second treatment 
with lime will be necessary (Erlcnmoyer, A. 160, 
249). If dry baryta be used to complete the 
drying, as soon as the alcohol is absolute it will 
become yellow, dissolving a little BaO (Berthelot, 
J. 1862, 302). 

liefercjices. — C. Bullock, Ph. [.3] 4, 801 ; J. 
L. Smith, Aui. 6 120; Dittniar a. Stewart, 
C. N. 33, 63 ; Friedel a. Crafts, A . Ch. [4] 0 , 6 . 

Properties . — A transparent, colourl(?ss, mo- 
bile, liquid. It has a characteristic odour and 
burning taste. When undiluted it acts as an 
inflammatory poison. It solidifies at — 1.30*.5° 
(Wroblewsky a. Olszcwsky, M. 4, 33.S). Very 
hygroscopic. Miscible with water. Burns with 
a pale flame. Snow (1 pt.) mixed with alcohol 
(2 pts.) produces a freezing mixture (-20'^, Bn, 
1,237). • 

Alcohol dissolves fats, oils, resins, alkaloids 
and most organic substances. It dissolves CaCl.> 
and SrCL but not BaCl^,; Ca(N 03 ).^ but not 
Sr(N 03 )a and lla(N()J.^ ; LiCl but not KOI and 
NaCl. It docs not diss(^ve carbonates or 
sulphates. It dissolves I, Br, P, and S. 

The critical point of alcohol is 231-6° at 
48,900 mm. At this point 1 g. occupies 3-5 c.c. 
{Ramsay a. Young, Pr. 38, 329). Alcohol vapour 
in contact with liquid acquires its normal 
density, 23, at 50° (It. a. Y.). 

When alcohol is miyed with water c mtrao- 
tion takes place and heat is evolved. The 
maximum contraction occurs when 49-8 vols. 
water and 63-9 vols. alcohol at 0° produce 100 
vols. of mi.Ktiiro instead of 103-7 vols. This 
corresponds to a possible compound, KtOH 3aq 
(Mendol6etf, Z, 1865, 202). 

The greatest difference between the observed 
specific heats of E#lutions of alcohol and the- 
values calculated on the assumption of mere 
mixture occurs in a solution containing about 
80 p.c. of alcohol by weight, corresponding to 
the formula EtOH Oaq. The greatest difference 
between the observed and calculated boiling- 
points and between observed and calculated 
capillarity also occurs in the same mixture, but 
the maximum deviation from calculated (or 
mean) impressibility is exhibited by a solution 
containing 40 p.c. of alcohol by weight (Dupre a. 
Pago, Pr. 17, 833 ; P. M. [4J 38, 168). The 
maximum rate of transpiration through capillary 


tati#ii i| ih* Mlatitm .ElOHSaa 

(airtisaw, 4. iw, loaf. ' 

. 1 DetecUon of Water Aioohol-^l. CuSO^ 
I ought not to turn blue (Gassoria).— 2. Benzene 
ought not to form % cloudiness, due to water- 
drops (Oorgeu, 0. P. 30, 691).— 3. Wet alcohol 
produces a pp. of BaO when added to a solution 
of BaO in absolute alcohol (Berthelot, A. Ch, 
[3] 46, 180)..— 4. If llcohdl be added to a mixture 
of anthraquinono (-001 g.) with a little sodium 
eimalgam, a green coloration indicates absence 
of water, otherwise a red colour is produced 
(Claus, B. 10, 927). 

The following table gives the percentages of 
absolute alcohol, determined by Tralles : 


Volumes 

Weights 

Specific 

Volumes 

Weights 

3p<3Cifl0 

per 

per 

gnivity 

per 

per ' 

gravity 

cent. 

cent. 

at 16-5«'5 

cent. 

cent. 

at 16-56® 

0 

0 

1-0000 

61 

4.3-47 

•9316 

1 

0-80 

•9976 

52 

44-42 

•9295 

2 

1-60 

•9901 

53 

45-36 

•9276 

3 

2-40 

•9947 

54 

40-32 

•9254 

4 

3-20 

•9933 

55 

47-29 

•9234 

5 

4-00 

•0919 

50 

48-20 

•9213 

G 

4-81 

•9906 

57 

49-23 

•9192 

7 

5*02 

•9893 

58 

60-21 

•9170 

8 

6-43 

•9881 

50 

51-20 

•9148 

9 

7-24 

•9809 

60 

52-20 

•9126 

10 

8-05 

•9857 

61 

53-20 

•9104 

11 

8-87 

•9845 

02 

54-21 

•9082 

12 

9-69 

•9834 

03 

55-21 

•9059 

13 

10-51 

•9823 

64 

60-22 

•9036 

14 

11-33 

•9812 

05 

57-24 

•9013 

15 

12-15 

•9802 

06 

58-27 

•8989 

16 

12-98 

•9791 

07 

59-.32 

•8965 

17 

13-80 

•9781 

08 

00-38 

•8941 

18 

14-63 

•0771 

09 

Cl-42, 

•8917 

19 

15-46 

•9761 

70 

02-50 

•8892 

20 

16-28 

•9751 

71 

03-68 

•8807 

21 

17-11 

•9741 

72 

04-06 

•8842 

22 

17-95 

•9731 

73 

65-74 

•8817 

23 

18-78 

•9720 

74 

CO-83 

•8791 

24 

19.62 

•9710 

75 

67-93 

•8765 

25 

20-46 

•9700 

76 

C9-0.5 

•8739 

26 

21-30 

•9689 

77 

70-18 

1 -8712 

27 

22-14 

•9679 

73 

71-31 

•8686 

28 

22-99 

•9068 

79 

72-45 

•8658 

29 

23-84 

•9057 

80 

73-59 

•8631 

30 

24-69 

•9040 

81 

74-74 

•8603 

31 

2 . 5-55 

•9634 

82 

75-91 

•8576 

32 

26-41 

•9022 

83 

7709 

•8647 

33 

27-27 

•9009 

84 

78-29 

•8518 

34 

28-13 

•9590 

85 

79-50 

•8488 

35 

28-99 

•9583 

i 80 

80-71 

•8458 

36 

29-86 

•9570 

87 

81-94 

•8428 

37 

30-74 

•0550 

88 

83-19 

•8397 

38 

31-62 

■9541 


81-16 

•8365 

39 

32-50 

•9520 1 

9 (f 

85-75 

•8332 

<0 

33-39 

•^10 

91 

8709 

•8299 


34-28 


92 

88-37 

•8265 

42 

35-18 

•947S1 

L 93 

89-7L 

, *82.30 , 

4.3 

36-08 

•9401 

f 94 

91-07' 

•8194 

41 

36-99 

•9444 

i 95 

92-4^5 

•8157 

ib 

37-90 

•9127 

1 96 

93-89 

•8118 

46 

38-82 

•9409 

1 97 

95-31 

•8077 

47 

30-75 

•9391 

i 98 

90-84 

•8034 

48 

40-60 

•9373 

i 99 

98-39 

•7988 

49 

41-59 

•0354 

' 100 

10000 

>•7939 

50 

42-52 

•9335 








of abselate 

. 8peoilto0xavlty,refenedto Water at4^ 

Aloohol 

at0» 


at 20° 

afeS0° 

0 

•99988 

•99976 

•99831 

*99579 

6 

•99136 

•98113 , 

^ *98945 

*98680 

10 

•98493 

•98409 

•98195 

•97892 

16 

•97995 

•97816 

•97527 

*97142 

20 

•97666 

•97203 

*96877 

*96413 

25 

•97116 

*96672 

•90185 

*05628 

80 

•96510 

*95998 

*95403 

*94751 

85 

•95784 

*95174 

•94514 

*93813 

40 

•94939 

•94255 

*93511 

•92787 

46 

•93977 

*93254 

*92493 

*91710 

50 

•92940 

*92182 

*91400 

•90577 

65 

•91S18 

*91074 

*90275 

•89456 

60 

•90742 

•89944 

*89129 

•88304 

66 

•89595 

•88790 

•87961 

*87125 

70 

•88420 

*87613 

*86781 

*85925 

76 

•87245 

*86427 

•85580 

*84719 

80 

•86035 

•85215 

•84360 

•83483 

85 

•84789 

•83967 

*83115 

*82232 

90 

•83482 

•82605 

*81801 

•80918 

95 

•82119 

*81291 

•80433 

*79553 

100 

•80625 

•79788 

*78945 

*78096 


The following table is given by Fowncs 
(Mantutl, 3rd ed. 691), the specific gravities 
being taken at 16-6° 0. : 


Percent- 
age by 
Weight 

Specific 

Gravity 

Percent- 
age by 
Weight 

Specific 

Gravity 

Percent- 
age by 
Weight 

Specific 

Gravity 

0*6 

0'9991 

34 

0*9511 

68 

0*8769 

1 

0-9081 

35 

0*9490 

69 

0*8745 

2 

0*99C5 

36 

0*9470 

70 

0*8721 

8 

0*9947 

37 

0*9452 

71 

0*8696 

4 

0*9930 

33 

0*9434 

72 

0*8072 

6 

0*9914 

39 

0*9416 

73 

0*8649 

6 

0*9898 

40 

0*9396 

74 

0*8625 

7 

0*9884 

41 

0*9376 

75 

0*8603 

8 

0*9809 

42 

0'935G 

76 

0*8581 

9 

0*9855 

43 

0*9335 

77 

0*8557 

10 

0*9841 

44 

0*9314 

78 

0*8533 

11 

0*9828 

45 

0*9292 

79 

0*8508 

12 

0*9815 

46 

0*9*270 

80 

0*8183 

18 

0*9802 

47 

0*9249 

81 

0-8159 

14 

0*9789 

48 

0*9228 

82 

0*8134 

16 

0*9778 ' 

49 

0*9206 

83 

0-8408 

16 

0*9766 i 

50 

0*9184 

84 

0-8382 

17 

0*9753 

61 

0*9160 

85 

0-8357 

18 

0*9741 

52 

0*9135 

86 

0-8331 

19 

0*9728 

53 

0*9113 

87 

0-8305 

20 

0*9710 

54 

I 0*9090 

88 

0-8279 

21 

0*9704 

65 

0*9009 

89 

0-8*254 

22 

0*9691 

66 

0*9047 

00 

0-8228 

23 

0*9678 

67 

0*9025 

91 

0-8199 

24 

0*9005 

58 

o*9|?a 

92 

0*8172 

26 

0*9652 

59 

/3979 

93 

0*8145 

26 

t*9C38 

GO 

/0*8950 

94 

0*8118 

27 

0*9623 

61 

0*8932 

95 

0*8089 

28 

0*h009 

62 

[•0-8908 

96 

0*8061 

29 

0*9593 

63 

0*8886 

97 

0*8031 

80 

0*9578 

64 

0*8863 

98 

0*8001 

81 

0*9500 

65 

0*8810 

99 

0-7969 

82 

^'9544 

66 

0*8816 

100 

0*7938 

B8 

0*9528 1 


0*8793 




io4ehQl« i^dogljt % 

igttite"giihi)ow4«r wh^ butttt nphai iti but ‘ 
was defined by law in the teign^of George III. 
to be spirit * such as shall at the temperature of ^ 
61^1^ weigh exactly twelve-thirteenth parts of 
an equal amount of distilled water/ It haa» 
therefore, S.G. *920 at 16*6^0., and contains 
49*24 pts. alcohol to 60*76 pts. water by weight, 
or 100 vols. alcohol to 81*82 vols. water. 

Alcoholic Drinks.—Beer contains from 2 to 
6 p.o. of alcohol ; hock and claret from 8 to 10 
p.c. ; port and sherry from 15 to 20 p.c, ; gin^ 
rum, and whisky from 51 to 64 p.c. 

Detection. — 1. The liquid supposed to con* 
tain alcohol is repeatedly rectified, after drying - 
with K^COj. The alcohol is recognised by its 
boiling-point, and by converting it into ethyl 
iodide, and noting the boiling-point of the iodide 
(72°). — 2. The suspected liquid is distilled and 
some of the distillate (8 c.c.) mixed with water 
(10 c.c.) and H2SO4 (5 c.c.) ; some KMnO^Aq, 
and after five minutes a solution of magenta,. ' 
bleached by SO^, are added. A red colour indi- 
cates that aldehyde had been formed by the 
oxidation of the alcohol. Acetone, formic acid 
and methyl alcohol do not show this reaction, so 
that it may be used to detect ethyl alcohol in 
wood spirit. Other primary alcohols behave 
more or less like ethyl alcohol (Riche a. Bardy, 

C. R. 82, 768).— 3. An aqueous solution of 
alcohol warmed with KOH and iodine deposits 
iodoform. This * iodoform reaction ’ is given 
also by aldehyde, acetone, n-propyl, n-butyl, sec. 
butyl, and octyl alcohols, by propionic and 
butyric aldehydes, by lactic, quinic, and moconio 
acids, by acetophenone, raethylio butyrate, aceti© 
ether, and oil of turpentine. 

The ‘ iodoform reaction ’ is no| given by 
methyl and amyl alcoHols, by formic, acetic, 
butyric, valeric, oxalic, succinic, malic, tartaric, 
racemic, citric, pyrotartaric, suberic, sebaoic, 
uric, mucio, isethionic, benzoic, salicylic, anisic, 
cinnamic, and picric acids, phenol, valeric alde- 
hyde, benzoic aldehyde, glycol, glycerin, mannite, 
glycocoll, leucine, chloral, ethyl chloride, ethy- 
lene chloride and bromide, chloroform, tetra* 
clilorido of carbon, sulphide of carbon, toluene, 
and ether (Lieben, A. Suppl. 7, 226). Sugar 
and dextrin give a small amount of iodo- 


form. 

The formation of ethyl acetate and benzoate 
is also recommended as a test for alcohol. 

EUimation.--£hQ liquid is distilled and the 
S.G. of the distillate taken. 

Detection of Fusel Oil.—l. The liquid is 
diluted with water until it contains about 12 p.o, 
alcohol ; it is then shaken with cliloroform. 
This extracts the amyl ^filcohol, which ^ it 
leaves behind on evaporation ; by warming with 
KOAc and H3SO4 this is converted into amyl 
acetate, smeV.ing like pear-drops. — 2. The aloo- 
liol is diluted until it forms a 60 p.c, solution.' 
100 c.c. are then shaken with 20 c.c. chloroform 
at 15° in a graduated cylinder. If the chloroform' 
layer is 37*1 c.c. the alcohol is free from higher 
homologues, but if it occupy a larger volume, 
fusel oil is present. Thus 39*1 o.c. indicates 
1 p.c. amyl alcohol (R6se, B. 19, B. -I84).~-8." 
The height to which the alcohol will rise, ill 
oapillarv tubes of known diameter is obs^xi|ij^' 



^ra Alcohol rises higher than aloohol adalte- tion of fulminate of merourj ( 7 . 0 .) ; in a similar 
rated with fusel oil (J. Traube, B, 19, 892). way fulminate of silver may be made. 

• JRaacftonr,— 1. Potassium and sodium act If mercury (1 pt.)«b6 dissolved in HNO, 
upon aloohol, devolving hydrogen and forming (12pt8.) (S.G. i'3) and the liquid left for some 
BtOK and EtONa respectively. -2. PJtosphorus days till no more nitrous fumes appear and the 
trichloride forms EtCl, HOI, ethyl phosphite, liquid is colourless, and then alcohol (12 pts. of 
and phosphorous acid (JBechamp, 6. P. 40, 944): S.G. *8) be added and the mixture be warmed, a 
6EtOH + 2PClj = 3EtCl + 3HCI + EtjPOa + HjPOa pp. is produced which is jpot mercuric fulminate. 
A smaller quantity of PCI3 acts in the cold It may be crystallised from diluted (4 vols.) 
thus: PCl, + HOEt = PCl,(OEt) + IICl (Men- Hx\0, (1 vol.). It is 0,H.,HgA(NO,),. At 
sohutkin, 139, 343). —3. PCl^ reacts thus: 120^-130^ it explodes. It is insoluble in 

EtOH + PClj = EtCl + CIH + PCI3O. water, alcohol, and ether. Potash con- 

4. PjSj produces mercaptan : verts it into C.^H.^Hg3().;(OH) while cold K^CjO, 

6EtOH + P.3S3 = 5EtSH + PjOj. slowly converts it into tlie oxalate, C JI^HgjO-jCjO^, 

5. Alcohol coagulates alhumeny and, partly a body which is browned by sunlight. A mix- 
ture of HNO3 and alcohol converts it into 
mercuric fulminate (Cowper, ty, J. 39, 242 ; v. 
Gcrhardt, A. 80, 101).— 18. Chlorine is rapidly 
absorbed by alcohol, and in sunlight the liquid 

tube produces COo, water, hydrogen, CH^, C^H„ may even take lire. The ultimate product is 
naphthalene, and charcoal. If the tube be filled chloral alcoholate, CCl.,.CH{OEt)(OH), but this 
with pumice, benzene, phenol, and perhaps is probably the result of a long scries of reactions 
also aldehyde and acetic acid, are also formed (v. Ciiloral). Besides chloral, there are formed 
(Berthelot, A.Ch. [3] 33,295; .4. 81, 108).— 7. HCl, aldehyde, acetal, acetic acid, EtCl and 
at 300°-350° forms ethylene and hy- other chlorinated bodies.— 19. Bromine forms 
drogen : CjH^O + Zn = ZnO + + H.,. Alcohol- HBr, water, EtBr, bronial, and bronial alcoholate 

vapour passed over zinc dust at a dull red heat (E. Hardy, C. Ji. 79, 800).— 20. Dry chlorme 
forms CO, CH„ and (Jahn, Af. 1, 378).— 8. passed into alcohol mixed with K^Cr^O, gives 
Alcohol scarcely conducts an electric current, aldehyde, EtCl, acetyl chloride, and EtOAo 
but when acidulated with 5 p.c. HBO, tho (Godefroy, HZ. [2] 40, 1G8).- 21. When alcohol 
current passes, hydrogen comes off at one pole is distilled with much water and bleaching 
and, at the other, aldehyde, ethyl formate sul- jmoder, cliloroform [q, v.) is formed. When 
phate and acetate, together with small quantities bleaching powder (300 grms.) is mixed with 
of acetal, and CH3.CH(OH)(OEt) are formed absolute alcohol (07 gnus.) in 10 minutes the 
(Benard, A, Ch. [5] 17, 295). Alcohol con- mixture gets hot and alcohol distils over to- 
tabling a little potash produces hydrogen at the gether with a green oil, which explodes when 
negative pole and aldehyde-rcsin at the positive exposed to sunlight or heated, and among the 
pole (Connell).— 0. Alcohol burns witli a pale products of the explosion are mono- and di- 
fiarao forming CO. an^ H.O. Alcohol vapour chloro-acetal (Schmitt a. Goldberg, J, pr. [2] 
undergoes rapid, but incomplete, combustion 19, 393), aldehyde, and small quantities of 
when mixed with air and exposed to finely chloroform (Goldberg, J. pr. [2] 21, 97).— 22.- 
divided platinum; acetic acid, aldehyde, formic Ihjdric chloride produces ethyl chloride : 
acid, acetal, and acetic ether are formed. Hence EtOH + IlCl --EtCl + ILO. 

a coil of red hot platinum wi^^ will keep red hot j But when excess of alcohol is used and the solu- 
if placed round the wick of a spirit lamp that is ■ lion heated in a scaled tube at 240®, ether is' 
not burning (glow-lamp of Sir II. Davy).— 10. > also formed; EtOH + ClEt-Et,,0 + HCl (Rey- 
Finelydividedr/iodbMJi, mdbtwi, andr7ff/ienm7n, ! noso, A. Ch. [3] 48, 385).— 23. Sulphuric 
in presence of an alkali, decompose alcohol, with j acid mixes with alcohol witli evolution of heat 
elimination of H and formation of an netiatc and formation of hydrogen etliyl siilpliate ; 
(Deville a. Debray, C. B. 78, 1782).— 11. Oxygen EtOH + H^SO^ = EtHSO, + 11,0. 

does not attack cold pure alcohol, but ozone About half the alcohol and IT .SO^ take part in 
fonns acetic and formic acids (Boillot, C. B. the reaction ; when more dilute acid is used 
76, 1132).— 12. Chromic acid mixture oxidises hydrogen ethyl sulphate is not formed until 
alcohol to aldehyde and acetic acid.— 13. An heat is applied. If a mixture of alcohol with 
anununiacal solution of CuO at 180® attacks an equal volume (or less) of H.SO^ be heated, 
alcohol, forming acetic acid and Cu.O (A. Le- a further reaction sets in at 120®-150®, ether 

tellier, G. B. 89, 1105),— 14. KMnO, in acid, but and Avater distilling over; this is due to action 

not in alkaline, solution forms aldehyde and of alcohol upon hydrogen ethyl sulphate 

acetic acid (Chapmfn a. Smith, C, J. 20, 301). (Williamson, C. J. 4, 100, 22(f; v. Ether) : 

16. Strong nitric acid acts violently, giving HEtSO^ + E^OH-^ILSO^-l-EtOEt 

, ott copious red fumes containing nitrous ether, When alcohol is h(>>4:^ed with twice its volume 
nitric oxide, CO., aldehyde, acetic* and formic (or more) of H.SO*' mixture b^ins ta 
acids. If the action bo moderated by making blacken between 160®-ro0®, and then gives on 
three layers of fuming HNO3, water, and alcohol, ethylene, mixed with SO, acetic aqid, acetic 
and allowing them to mix slowly by diffusion, ether, CO^, CO, ethyl sutplate, and formic acid, 
th^ following bodies are formed : aldehyde, The main reaction is expressed by the equation 
acetic acid, glyoxal, glyoxylic acid, glycollic acid, CoH«0 = C^H, + H..0 (compare Eilenmeyer, A, 
and ox^io acid (Debus).— 16. In presence of 102, 373).— 24. Anhydrous sulphuric acid, SO,, 
fifett, nitm acid converts aloohol into ethyl dissolves in alcohol forming di-ethyl salphate, 
ttiirafe ( 7 . V.). — 17. In presence of mercuric ni- EtjSO,. Vapour of SO, passed into dry 

Wdkf nitric acid acts upon aloohol ;yith produo- alcohol forms crystals of ethionio anhydiude, 
VoTi. L 


on this account and partly by arresting the 
development of low organisms, it prevents 
^the putrefaction of dead animal matter. — 
0. Vapour of alcohol passed through a red hot 
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or ♦ salpk^to/ tog^iiiw 

w^ othiomo, isethioni^ and solpliurio aoid8« 
ind H£tS04. — 25. Heated with sulphurotis add 
ai 200® it forms HEtSO^^ther, H^SO^, mer- 
os^ptan* and S (Pagliani, J, 1870, 618).— 26. 
:€iSO,H forms EtHS04 and other bodies 
'^aumstark, A. 140, 75). — 27. When alcohol is 
dropped upon hot 2 inc uilori&e tlie greater part 
Is decomposed in accordance with the equation : 

2C,H,0 = C,TT,0 + 11, + C,H, + H,0. 

■- Hydrogen, ethane, HCl, and polymerides of alde- 
hyde are also formed (W. H. Greene, 0. It. 86, 
1140). When wet alcohol is heated with ZnCl, 
at 166°, ether is formed, as well as EtCl, basic 
sine chloride being left. — 28. Phosphwic acid 
mixed with alcohol forms some di-hydrogen 
ethyl phosphate, F.tH,P04. Alcohol heated 
with P,0^ forms IIEt..Pb4 and Et.,P04 (Carius, 
4. 137, 121).-29. Afcohol heated with B,0, 
forms EtBO, and Et,BO,.— nO. Phosphorus 
Bulpho-chloride, PSCl,, forms di-liydro”;cn ethyl 
thio -phosphate (Chovrier, Z. [2] .5, 418) : 

PSCl, + 3HOEt = PS(OH),(OEt) + 2EtCl + IICl. 
31. Chloride of sulphur^ 8,CI,, acts upon 
alcohol forming ethyl chloride, ethyl sulphite, 
and a small quality of mercajitan (Carius, A. 
106, 316) . — 32. ChloHde of antimoiv/ dissolves 
in alcohol ; if the solution bo heated to loO 
the following reaction ensues (H. Schiff, A. 
Sappl. 5, 218) : 

SbCl, -t- 4EtOH ^ SbOCl + 2EtCl + Et,0 + 2H,0. 
33. Heated with carbon tetrabromide at 100° 
lor 12 hours, bromoform is produced (Bolas a. 
Groves, 0. J. [2J 9, 784): CBr, 4- C,TI,0 
CHBfs 4- C,H40 4- HBr. Alcohol here acts as a 
reducing agent, as it docs also in the next 
reaction. - 34. Heated with a di-azo salt, nitrogen 
is evolved and the entire di-azo group displaced 
by hydrogen : 

C^5,N2C1 + C,H,0 = CJI,H 4- N, 4- HCl + C,H,0. 
In some cases the di-azo group is displaced by 
, ethoxyl. — 35. Heated with ammoniacal zim 
chloride at 2G0°, alcohol is converted into a 
mixture of mono-, di-, and tri-ctliylamine ; the 
yield of mixed bases amounts to 45 p.c. of the 
alcohol used (Merz a. Gasiorowski, B. 17, C37). — 
36. Zinc acetate heated with excess of alcohol at 
100° is converted, in about 30 liours, into zinc 
' ethyl acetate and zinc oxide (Kraut, ^4. 156, .323). 
'37. When stannic chloride is distilled with 
alcohol, ether and EtCl pass over at 140°-170° ; 
afterwards a compound of ElCl with SnCl4 (Kuhl- 
mann, 4. 33, 106, 192).— 38. Crystallised stan- 
nous chloride distilled with alcohol yields ether, 
but no EtCl (Marchand) ; the same decomposi- 
tion takes place in a sealed tube at 240°. 
Crystallised chloride of manganese^ and ferrous 
€hloride also etherifj' alcohol completely at 240°; 
the chlorides of cadmium, nickel, and cobalt 
partially (Reynoso, A. Ch^f£] 48, 385).— 39. 
PlaUnic chloride (1 pt.l <fissolved in alcohol 
(to pts.jt of S.G. *82 ar^ distilled to yields 
aldehyde, ethyl chloride, H Cl, and the solution con- 
tains the sb-called inflan»nablc chloride of plati- 
num C2H4PtCl^, which is left as a sticky mass when 
the liquid is evaporated (Zeise, P. 9, 632; 21, 
498; 40, 249). — 40. Platinous chloride boiled 
with alcohol forms a black explosive powder 
called detonating platinum deposit, C2ll4ptO(?) 
(Zeise, Ioc.cif.).-^l. Mercuric chloride is slowly 


beat^ with alr.Mw ekdodedi'^ii 

converted into sodio acetate, with evolution Ot 
hydrogen; at a higher temperatare the sodic 
acetate breaks up into sodio carbonate and 
marsKgas. — 43. Chloride of cyanogen is readily 
absorbed by alcohol but does not decompose it 
immediately. After a few days, or more quickly 
at 60°, Nn4Cl separates, and the liquid then 
contains ethyl chloride, ethyl carbamate (or 
urethane), and ethyl carbonate (Wurtz, 4. 79, 

Cennbinatiom. — Alcohol combines with many 
salts, acting like water of crystallisation.— 
SbCljEtOH [C7°] needles (from alcohol) ; re- 
solved by heat into HCl, EtCl, Sb.jOj, and SbCl,, 
Soluble in ether and chloroform, but decomposed 
by water (W. C. Williams, G. J. 30, 403).— 
AsClaEtOH (148°): liquid; fumes in the air; 
decomposed by w'ater (Luyncs, A. 116, 368). — 
CaC1.4RtOH : got by cooling an alcoholic solu- 
tion of CaCL with ice. — CaCL3EtOH: got by 
evaporation of such solution over IT.,S04 (Heindl, 
M. 2, 207).-LiC14EtOH (Simon; J, pr, [2] 
20. 370).— MgCl^OEtOH (S.).— Mg(N03)./)EtOH 
(Chodnew, A. 71, 250): a crystalline mass 
! depo.sitcd from boiling solution. — PtCl,2EtOH 
: (Schiitzenborger, J. 1870, 388).-SnCl42EtOH; 
crystals formed by evaporation over H2SO4 
(Lewy, G. R. 21, 371 ; Robiqiiet, J. Ph, [3] 26, 
161) ; Jieatod with acids, this compound readily' 
forms ethyl salts.— TiCl^EtOH [105 "-110°] crys- 
tals ; decomposed by water (Demar9ay, B. 8, 75), 

Alcoholaies or Ethylates are formed 
by displacing tlic typical hydrogen by metals. 
They are decomposed by water : 

MOEt 4. H2O = HOEt 4- MOH. 

Aluminium ethylate Al(OI’:t)3 [130^] 
S.G.- 1T47. Aluminium docs not attqck alcohol, 
but if iodine bo present and the liquid be 
warmed, hydrogen is evolved and aluminium 
ethylate is formed (Gladstone a. Tribe, Pr, 30, 
546); 2Al4 6HOEt = AL(OEt)rt4 3II,. The re- 
action probably takes place in three stages: 

3lTOEt + Al.ri„ = Al2l,(01‘:t)3 + 3HI 
Al2(OEt).,1, 4- 3HOEt = Al2(01':t)„ + 3HI 
AI2 + CIII--AI2IB4-3H,. 

Aluminium (4 g.), iodine (2 g.), and alcohol (40 c.o.), 
are heated in a tlask with inverted condenser; 
when no more 11 comes off, the contents arc 
distilled in vacuo at 300°. (Good yield (12 g.), 
G. a. T., G. J. 39, 2). When aluminium ethylate 
has been fused it remains liquid for a long time 
oven at 70°. It is decomposed by water thus : 

AUpEt)^ 4- CH.,0 - Al2(OII), 4 OHOEt. 

When distilled under atmospheric pressure it 
decomposes ; AliOEt). = Al.O. + 3C2H. 4- 3IIOEt, 
(G. a. T., C. J. 41, 5). 

Barium ethylate Ba (()Et)2Aq (Berthelot, 
A. Ch. [3] 46. 180), Ba(OEt)J3a(OH)2 (Dostrem, 
A, Ch. [5] 27, 8, 22 ; C. R. 90, 1213). A granular 
pp. formed by boiling an alcoholic solution of 
BaO, or by heating alcohol with BaO in * 
digester at 150°. A white powder, turned yellow 
by oxidation. Converted by CO2 into baric 
ethyl-carbonate. Destructive distillation gives 
GjH,, methane, H, and BaCO,. 

Calcium ethylate Ca(OEt)2 resembles the 
barium compound. • 

Ferric®othylate *‘Pe 2 (OEt)* (?).— Whentho 
proper quantitv of sodio etnvlate is added to ait 
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|»pd» as KaOl, «nd w filttate loaves, after 
«avapoTati6n, a black pasty mass, sol. alcohol^ 
UeOH, ether^benzene, chloroform, or benzoline 
^Orimaux, C. B, 98, 105). A solution of ferric 
•thylate poured into water produces a ^lution 
of colloidal ferric hydroxide. 

Potassium ethylate KOEt. — Similar in 
character to sodic ethylate. 

Sodic ethylate NaOEt. — When sodium is 
dissolved in dry alcohol, H is evolved, and 
ultimately crystalline laminaj of NaOEt 2HOEt 
separate. If the solution be evaporated in vacuo 
at 20® needles of NaOEt .'lIIOEt are got (For- 
orand, JBl. 40, 177). The alcohol of crystallisa- ' 
tion may be driven off at 180°. 

Beactions. — 1. When mixed with tvater and 
distilled, alcohol passes over audNuOTI is loft.— 
2. Converted by EtI into ether (Williamson). — 
8, Forms ether when it acts on EtNO,: but it 
acts like Na upon others of organic acids ; thus 
it converts formic ether into CO and alcohol, 
oxalic ether into CO and carbonic ether, carbonic 
ether into NaCO;,Et and Et/), benzoic other 
into NaOEz and Et.^, acetic ether into sodium 
aceto-acetic ether (Geutlier).— 4. CO comhiiios 
with NaOEt at 100 ' forming sodic propionate. 
Carbonic oxido passed over a mixture of NuOEt 
and NaOAo at 20o° produce M-butyric acid, di- 
ethyl-acetic acid, mcsitylenic acid, an acid 
C,„H,,0., (2r)0°-200°), and two ketones C,. 11,^0 
and CiJiToiO (Geiithor, A. 202, 305).— 5, PClj 
gives NaCl, PO(OEt).„ and EtCl. — 6. With chloro- 
form it forms ortho-formic ether, ClI(OEt)3 
(Y/illiamson a. Kay, G. J. 7, 221).— 7. Chlorbie 
forms aldehyde and acetic acid (Maly, Z. [2] 5, 
845).— 8. Bromine forms broraal, hUllr, and 
acetic ether (Barth, B. 9, 1450).— 0. Chloro- 
acctic acif-i^tovms sodium ethyl -glycolatc (Heintz, 
P. 109, 301). -10. loikne forms Nal, sodic for- 
mate, and iodoform.— 11. Iodoform is reduced 
by NaOEt to methylene iodide. — 12. Nitrobenzene 
is reduced to azoxybeuzeno, azobenzene, and 
aniline (B6champ a. Saint-Pierre, C. It. 17, 24). 

Thallium ethylate >^'IOEt. S/h 3-;) to 
3'C85. - Formed by heating EtOH with lliiUlium 
at 100° (Churcli), or by exposing thallium to the 
vapour of alcohol in a bell-jar full of oxygen 
(Lamy, A. Ch. [4] 3, 373). It may be .solidiiied 
by great cold. It dissolves in dry alcohol or 
ether, but addition of a trace of water causes 
Beparation of thallous hydrate. TlOEt is slowly 
decomposed by CIIClj with separation of TlCl. 

ALCOHOLS. — The term alcohol, originally 
limited to one substance, viz. spirit of wine, is 
now applied to a large number of compounds, 
many of which, in their external characters, 
exhibit but little resemblance to common alcohol. 
All alcohols are coi^pounds of carbon, hydrogen, 
and oxygen, and are derived from hydrocarbons 
containing even numbers of hydrogen -atoms by 
substitution of one or more hydroxyl-groups, 
Oli, for an equal number of hydrogen-atoms: 
thus from propane CgHa or CH3.CII2.CII3, are 
derived the three following alcohols :— 

Propyl alcohol 0,H«0 = OaH,(OH) 

Propylene alcohol CaHaOa « CjHaiOH)., 

. Alcohols are classed as monohjdric, di- 
bydriOy trlhydrio, Ac., or generally as moiio- 


and ^Iy-fay4ric, according to tHo number of 
hydroxyl-groups which they contain. 

An alcohol is saturated or unsaturated 
according to the nature of the hydrocarbon 
from which it is d^riv^d. Thus, all the three 
alcohols derived from propane GjHs, which is a 
saturated hydrocarbon, are themselves saturated 
molecules not capable of forming addition- 
compounds; but*from*the unsaturated hydro- 
carbon CjHg is derived the unsaturated compound 
allyl alcohol, CjH^O or C^T^OH), which is 
capable of taking up 2 at. bromine and forming 
the compound Call^Br.^O. 

The replacement, partial or total, of the 
hydroxyl in an alcoliol by Cl, Br, I, or F, gives 
rise to haloid ethers ; thus: 

From C3lI,(OH) are derived CsH,Cl, CyH^Br, 
(fcC. 

From C3Hg(OII)2 are derived CaH^GlfOE), 
CaU.CE, &c. 

From 03115(011), are derived CjHjCl(OH)„ 
C,H5C1,{0I1). C3H5C],, Ssc. These substitutions 
are effected by treating the alcohols with the 
cliloriiles, bromides, and iodides of hydrogen and 
I)hosphoru.s, as in the formation of ethyl chloride 
from ethyl alcohol : 

C. JL OH -h HCl = H(OH) + C.,H5C1 
3C.,H5(0II) + rClj = P(OIl )3 + 3C HaCl 

scji^COH) + roci, = po(oh )3 f 3C3H3CI. 

Instead of the bromides and iodides of phos- 
phorus, a mixture of phosphorus and bromine or 
iodine, in the proportions required to form them, 
are often used in those processes. — The, haloid 
ethers are also formed in many instances by 
' direct substitution of chlorine &o. for hydrogen 
in hydrocarbons. 

The treatment of the alkyl chlorides, bro- 
mides, or iodides with aqueous caustic alkalis 
gives rise to a substitution opposite to that 
sliown in the above equations, reconverting the 
ethers into alcohols; e.g, C^nsCl + KOH- 
KCI + C2H5(0H). a considerable portion of the 
alcohol thus formed is, however, converted by 
dehydration into the corresponding olefin: e.g, 
C.,H,0 -HjO = C 3 H,. a bettor yield of alcohol 
! is obtained by heating the haloid ether with 
! moist silver oxide, which acts like a hydroxide 
1 AgOII ; and a still better method is to convert 
the alcoholic chloride, Ac. into an acetate by 
heating it witli silver acetate or potassium ace- 
tate, and to boil the resulting alkyl acetate 
with caustic potash or soda ; 

C.H,C1 KC .H3O . = KCl -i- 

C-HvC^HjO, -H KOH = KC 2H3O2 + O2H3OH. 

This reaction is of great importance in the pre- 
paration of some of the higher alcohols. 

The replacement of the hydroxyl in an sloo- 
hol by the corresponding radicles, methoxyl 
OCH3, ethoxyl OC2H5, Ac.-.eor of the hydrogen 
in the OH by Me, l'"t, Ac., gives rise to simple or 
mixed alkyl oxrlos or ethers: thus EtOH 
yields EtOK, EtOMe.nnd EtOEt ; and ethylene 
alcohol C,,H,(0H)2 yj^lds OM,(OB.)I^Et) bM 
C2H,(OEt)2. These substitutions may be effected 
in various ways, the simplest being lb replace a 
H-atom in the alcohol by K or Na, and act on 
the resulting compound with a haloid ethdt; 
20.2H,(0H).3 + Na, = 2C2H dOH) (CNa) H, ; 

C2H,{OH)(ONa) -t- EtI = Nal + C^4(Om(OEt). 
These oxides may be looked upon as anhydrides 
formed by elimination of oul molecule of water: 
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{torn two moleeales o! the same or different 
idoohols. 

In the polyhydrio alcohols, where the two 
hydroxyls occur in the same molecule, the elimi- 
nation of water gives rise io another class of 
oxides ; thus from ethylene alcohol OaH 4 (OH), is 
derived ethylene oxide OjH^O. 

The replacement of the hydrogen in an 
alcohol by acid radicle/' produces alkyl'salts 
(also called compound ethers or esters) ; thus 
from methyl alcohol, MeOH, are derived a nitrate 
MeONO,, an acetate MeOAc, an acid sulphate 
Me.O.SOsH and a normal sulphate (MeO)aSO.^. 
These alkyl salts may also be derived from the 
oorrespon^ng acids by substitution of alkyl- 
radicles for hydrogen, being indeed related to 
the alcohols in the same manner as metallic 
salts to metallic hydroxides. They may also 
be looked upon as anhydrides formed by elimi- 
nation of a molecule of water between one 
molecule of an alcohol and one molecule of an 
acid. By distillation with alkalis they are re- 
lolved into acid and alcohol ; e.g. 

EtOAc + KOH = KOAc + EtOH. 

Monohydrio Alcohols. 

1. Series C„H^+20 or CnH^n+jOH. Of this 
series the following members are at present 
known, each being derived from the correspond- 
ing paraffin OnH2„42 by substitution of OH forH: 

thus 

Methyl Alcohol • . . CH,.OH 

Ethyl „ . . . . C,H,.OH 

Propyl „ • • • • C3H7.OH 

Butyl ,••••• C^Hs.OH 
Amyl ,»•••• CjH„.OH 
Hexyl „ • • • • CgHij.OH 

Heptyl M . • • • C;H,4.0H 

Octyl „ . * • • OsH„.OH 

Ennyl or Nonyl Alcohol • • Cgllig.OH 

Decyl Alcohol .... CioHjj.OH 
Hendecyl „ . • • Cult^a-OH 

Bodecyl yi « • • Cj^Hjj.OH 

Tetradecyl „ ... C,4H..,,.OH 

Hexadecyl or Cetyl Alcohol • Cjglljj.OH 
Octadecyl Alcohol . . • C, JIj-.OII 

Ceryl Alcohol .... C,,H,,.OH 
Meiissyl or Myricyl Alcohol . C3oH,j,.OU 

The first and second of these alcohols do 
not admit of isomeric modifications ; for sup- 
posing, as is most probable, that all the hydrogen- 
atoms in the paraffins methane CII^ and ethane 
CHg.CH, have the same value and are attached 
to their respective carbon-atoms in the same 
way, the result of the substitution of OH for JI 
in them must be the same, whichever of the 
hydrogen-atoms is thus replaced. But in all the 
higher terms of thot series the case is different. 
Thus in propane, CH3.CH2.CH3, tlie substitution 
may take place cuther in oiJe of the exterior 
groups CHg, or in the mjldle group CH.^, giving 
rise to t\fo alcohols of dilferent structure, distin- 
guished as primary and secondary, viz. 

CH,.C»i3,CH30H . CH3.CHOH.CH3 
Primary Secondary 

the primary alcohols the carbon -atom 
40 , hydroxyl is connected immediately 
'with al^hol u other carbon atom, that namely 
called detoneiting ; but in the secondary alcohol 
^Zeisei foe. other carbon-atoms, and 


these are the only forms of a 8-oarbon alcohol 
of the series. 

The 4-oarbon alcohol of the series admits ol . 
a greater number of modifications# For in the 
first place, the hydrocarbon, butane, CAi ^^om 
whioh|it is derived, is itself susceptible of two 
forms, viz., Normal butane CH3.CH2.CH2.GH9 
and Isobutane CH3.CH(CHa)2 ; and further the 
first of these hydrocarbons is capable of yielding 
one primary and one secondary alcohol — these 
terms having the meanings above explained— 
while the second yields another primary alcohol, 
and likewise a tertiary alcohol, in which 
the C-atom joined to the hydroxyl is linked 
also to three other atoms of carbon. These 
four derivatives are represented by the following 
formula} : — 

Normal Primary CHj.OH2.CH2.CH.2OH. 

Isoprimary (CH3)2CH.CH20H. 

Secondary CH3.CH(OH).CH2(CH3), 

Tertiary (CH3).3C(OH).CH3. 

The higher alcohols of the series admit ol 
a still larger number of isomeric modifications ; 
but all these alcohols must be either primary, 
secondary, or tertiary ; for the C-atom joined to 
the OH cannot be joined to a number of other 
carbon-atoms greater than three. In other 
words the replacement of an H-atom by the 
group OH must take place, either in a methyl- 
residue CHs, a methylene-residue CH^, or a 
methenyl residue CH, producing respectively a 
primary, secondary, or tertiary, alcohol. 

A very convenient nomenclature for these 
isomeric alcohols has been introduced by Eolbe 
(A. 132 , 102 ). Methyl alcohol is called car bind 
and the higher alcohols named as its substitution* 
products, thus : 

Carbinol or Methyl Alcohol CH3OH. 
Metbyl-carbinol or Ethyl Alcohol M^CH^OH. 
Ethyl-car bind or Propyl Alcohol EtCH^OH. 
Dimethyl-carbinol or Isopropyl Alcohol 

MejCHOH. 

Propyl-carbinol or Butyl Alcohol PrCHjOH. 
Isopropyl-carbinol or Isobutyl Alcohol PrCHjOH* 
Methyl-cthyl-curbiifol or Secondary Butyl 
Alcohol MeEtCHOH. 

Trimethyl-carbinol or Tertiary Butyl Alcohol 

M03COH. 

Primary, secondary, and tertiary alcohols aro 
distinguished from one another by their pro- 
ducts of oxidation. The primary alcohol# 
of the series C„H2„4 20, containing the group 
CH^OH, are converted by oxidation with chromio 
acid mixture, first into the corresponding 
aldehydes, by removal of IT., or conversion of 
CH^OII into CHO, and tlien by further oxidation 
into fatty acids C^H^Og ; thus : 

CH 3 .CH 2 .CTT .,01 I + 0 » HgO + Cn3.CH,.CHO 

Propyl Alcohol ^ropionio Aldehyde 

CII3.CH2.CH.OH + 02= H.2O I ClI3.CH2.COOH 
Proplouio acid 

A secondary alcohol on the other hand 
which cou tains two alcohol-radicles united by 
CHOH, is converted, by removal of Hj from this 
group, into a ketone, i,e. a compound consisting 
of two alcohol -rad ides united by the group CO, 
thus : 
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hydrogen (action of sodium-amalgam) are oon- 
. verted into primary alcohols, and the ketones 
into seoondtiry alcohols. 

Tertiary alcohols do not yield by oxida- 
tion either aldehydes or ketones, or acids con- 
taining the same number of carbon-aroms as 
themselves, but are split up into bodies contain- 
ing smaller numbers of carbon-atoms — tertiary 
butyl alcohol for example into formic and pro- 
pionic acids : 

(CH3)3C0II + 0, = CH,0,^ C3HA + HA 
The three classes of alcohols may also bo 
distinguished by the following test A quantity 
of dry silver nitrite, mixed with an equal weight 
of dry sand, is introduced into a small distilla- 
tion-flask fitted with a side-tube ; the iodide of 
the alcohol under examination is then added ; 
the mixture, after the reaction has begun, is 
distilled ; and the distillate, received in a test- 
tube, is shaken up with potassium nitrite 
and potash-ley, and then acidulated with dilute 
sulphuric acid. If no coloration of the mass 
ensues, the alcohol-radicle present isatertiary, 
whereas a red coloration indicates the presence 
of a primary, and a blue coloration that of a 
secondary, radicle. The reaction maybe re- 
cognised with great distinctness with the use 
of not more than 0-3 to 0*5 grm. of the alcoholic 
iodide (Meyer a. Locher, B. 7, 1510). Secondary 
hexyl iodide does not give this test. 

2. Series C„ir,A The most important mem- 
ber of this series is allyl alcohol OaHAwhich 
is a primary alcohol, convertible by oxidation 
into acrylic aldehyde CgH^O, and acrylic acid 
CsH^O.^. They are unsaturated compounds 
capable of taking up 2 at. bromine, and forming 
the compounds 0„H..,J3r.p. 

3. Senes 0„II._,„_20. This series includes pro- 
pargyl alcohol, di-allyl-carbinol, and the higher 
homologues of the latter, 

4. Series These alcohols are 

derived from the aromatic hydrocarbons, 
OnHjfn.a, in the same manner as the fatty 
alcohols C„H2„+20 from 1,he paraflins. Tho 
lowestmcinber, viz., phenol C,jll„0 or CJI,(OH), 
which may be formed from benzene, CA, by 
oxidation with IiPj or with nascent ozone 
(Leed.s, B. 14, 0(1), is the only alcohol of tho 
Berios containing 6 at. carbon. The liigher 
terms admit of isomeric modifications : for all 
the homologues of benzene may bo regarded as 
derived from benzene by substitution of one or 
more of its hydrogen atoms by alcohol radicles 

and the formation of an alcohol from 
such a hydrocarbon by substitution of OIT for II 
may take place either in the benzene nucleus or 
in one of the substituting alcohol-radicles : thus 
from toluene may be obtained tho two 

alcohols, CA.CH2OH (benzyl alcohol) and 
CA(OH).CHj (cresol), and the higher hydrocar- 
bons of the senes are capable of yielding a still 
greater^ number of metameric alcohols. The 
properties of the compounds thus formed differ 
considerably, according as tho hydroxyl is 
introduced into the benzene nucleus, or into one 
of the associated alkyls. The compounds formed 
in the latter case — benzyl alcohol for example 
— are •true alcohols analogous in all their reac- 
tions to those of the fatty series ; iTUt those in 
which the OH replaces a hydrogen-atom in the 
benzene nucleus (phenols) exhibilPveiy different 


properties, the hydroxyl being much less easilj 
displaced by other radicles (01, Br, &o.), i. 
Phenols). * 

5. Series To this series belong 

cinnamyl alcohol OAoO, cholesterin 
€3^440, and allyl-phenol C„H,A 
Dihyobio Alcohols. 

These alcohoTs are derived from hydrocar- 
bons by substitution of two IlO-groupa for two 
H-atoms, and may therefore be regarded as com- 
pounds of divalent alkyls with hydroxyl. Two 
series of them are known, viz., glycols derived 
from the fatty hydrocarbons, and dihydrio 
phenols from tho aromatic hydrocarbons. 

H. W. 

The lower glycols are described as Glycol, 
Pbopylene glycol, and fri-MuTUYLENE glycol, 
but the higher members as f/?-OxY-BUTANE, -pen- 
tane, &c. Un saturated glycols are described as 

fZi-OXY-BUTlNENE, -IIEXINENE, and -HEPTINENB. 

The chief di-hydric phenols aro Pybo-oateohin, 
liEsoRciN, and Hydroquinone. JW-Oxy-naptha- 
lene and fZi-Oxr-ANTHRACENE belong to this 
class. 

Trihydrio Alcohols. 

This class is represented by five fatty alcohols : 
Glycerin, and Zn-OxY-BoxANE, - pentane, -hex- 
ane, and -HEXiNENE. There aro also several 
aromatic representatives, e.g, Pyrogallol, Phlo- 

ROOLUCIN, and Zn-0XY-NA1*1TIALRNE. 

Tetrahydr c Alcohols. 
Erythrite is the only fatty totra-hydric alcohol 
known. Tetra-oxy-benzene and tetra-oxy- 
tetra-phenyl-cthane, and tetra-oxy-tri* 
phenyl-methane are aromatic tetra-hydrio 
alcohols. 

Pentahtdrio Alcohols, 

Finite and quercito are the only ones known. 

Hexahydric Alcohols. 

Mannite, dulcite, sorbite, perseite and 
h ex a-oxy-di phenyl make a complete list. 

Formation of Alcohols.— 1. From haloid 
ethers as described above. — 2. From aldehydes 

or ketones by reducing with sodium-amalgam. 

3. From acid anhydrides by reduction with 
sodium-amalgam (Linnemann).— 4, From pri- 
mary amines by the action of nitrous acid ; this 
reaction is, liowever, accompanied by an intra- 
molecular change in the case of all fatty amines 
except ethylamine and methylamiiie. As a result 
of this change n-propylamino gives rise to 
secondary as well as 7/.-propyl alcohol.— 6. Se* 
condary Alcohols may bo got by the action of 
zinc alkyls upon aldehydes : 

IICIIO -t- ZnEt. - K.CHEt.OZnEt 
li.CHEU)ZnEf+H..O» 

R.CHk;t.OH + Etll + ZnO 
6. Tertiary alcohols can be formed, timllarlyi 
from zinc alkyls and acid chlorides ; 

CH,.CO.Cl + ZnMe. = CH3,CClMe.(ftnMo * 
Cn3.CClMe.OZnM8 ZnMc^« 
CU,.CMe,,.OZnMe + ClZnMe 
CH,.CMe2.0ZnMe + =» 

CH,.CMe.,On -f ZnO + CH* 

V , Zinc-methyl.— 7. From olefines, by dissolving ” 
them in H^SO, and distilling the proanct with 
water : MejC:OH, + HjSO^ Me.O.O.SO.H 
Me,O.O.SO.H -h AO - MeAOH + H^SO^ 







,J[SO4 + H^O«^kg6k[+B[|S04« 

By this reaction primary alcohols can be turned 
Into. flecondary.^Thus conr. H2SO4 converts 
projl^l alcohol into propylene, which is converted 
^ the above treatment into iso-propyl alcohol. 

Beactions of Alcohols. — ^Besides the general 
reactions mentioned above, ?lie following are 
important:—!. Any reaction that might be 
expected to produce an alcohol of the form 
B.CH:QH.OH, produces an aldehyde, R.CH^.CHO, 
instead (Erlenmeyer, B. 13, 309 ; 14, 320). Simi- 
larly an alcohol of the form R.CH;CR'.On be- 
comes a ketone, R.CH..C1VO.— 2. On heating 
methyl, ethyl, butyl, octyl, and capryl alcohols 
with ammoniacal ZnCl.^ at 240°-280° a mixture 
of the mono-, di- and tri-alkyl amines is got, the 
yield of which amounts to 60-76 p.c. of the 
alcohol (Merz a. Gasiorowski, B. 17, 623).— 3. 
Tertiary alcohols differ from primary and secon- 
dary alcohols in not combining with huryta 
(Menschutkin, /. 22. 10. 368).— 4. Cone. HNOj 
converts tertiary alcohols into nitro-alkylenes, 
thus (CHJ3COH becomes nitro-iso-butylene 
04 H,N 02 {iin. 1, 232). — 5. The boiling-povits of 
tertiary alcohols are lower than those of the 
isomeric secondary alcohols, and these again 
lower than those of the isomeric primary alco- 
hols. — 6. The alcohols are decomposed 

by Stine dust at 300°-360° into olefine, C„IL„, and 
water. Methyl alcohol gives, however, CO and 
hydrogen (Jahn, M, 1, 378). — 7. Carbonic oxide 
above 100° acts upon sodium alcoholates (IlOXa) 
mixed with sodium salts (C„Ho.. ,0 ,Na) as follows : 

RONa + CO + C„n..„.,O..Na- 
CHNaO., + C„Hj.2iiO',Na 
the elements of NaOH being abstracted so that 
B displaces H. A secondary reaction is 
EONa + CO = llCO,Na 

(Geuther a. Froehlich ; Looss ; Poetsch, A. 
218, 66). But CO does not act on a mixture 
ot sodic phenylate and sodic acetate at 200° 
(Sohroeder, A, 221, 35), or on one of sodic 
ethylate and sodic benzoate at 200°. On a 
mixture of sodic ethylate and sodic i)hcnyl- 
aoetate CO forms various acids including one 
(810°-320°) which may be phenyl-vinyl-butenyl 
.'ioetio acid, Ph.C(C,H3)(C2H,Et)CO,II. On 
a mixture of NaOEt and sodic cinnaraato, 

■ carbonic oxide forms di-ethyl-cinnamic acid, 
OJE[4.CEt:CEt.CO,,H and di-butvl-cinnamic acid, 
CIJB[4.C(C4H4):C(C4‘HJ.C0,H. Both are oils.-8. 
Primary alcohols heated with soda-lime form acids 
and give off hydrogen thus ; IlCII^OH + KOH 
BCOtK4 2H2 (Dumas a. Stas, A. 35, 129). But 
at a higher temperature a second reaction 
occurs: RCOjK + KOH = EH + COjKj. If the 
hydrogen evolved bd measured, some conclusion 
may b^e drawn as to the mc^lecular weight of 
alcohol; but the lower alcohols cannot 
give good results, as the hydrocarbons EH 
a?e gaseS*. Myricyl alcohol gives off of 
the ealcnlatcd hydrogen (C. Hell, A. 223, 269). — 
■ 9, When ffti alkyl carhrnate is heated with 
an alcohol, exchange of radicles occurs if the 
radicle of the alcohol contains more carbon 
. atoms than that of the ether (Eose, A, 205, 
"*’'^0). Bqj when an alcohol is heated with an 
. . acetal, exchange takes place only if the alcohol 
' i)as the smaller radicle fGeuther, A. 218, 46). 
^iVhen an alcohol is coiled with a simple 


or with an ether of aOetie or MtyriA 
acid with inverted condenser, ho change peeura 
(G.).— 10. If a small quantity of a secondary 
alcohol, other than isopropyl alcohol, be 
moistered with HNO, and then mixed with 
water and shaken with ether, on adding alco- 
holic KOH to the residue left after evapo- 
rating the ether, yellow prisms of a potassium 
alkyl nitrite separate (Chancel, C. R. 100, 601). 
— 11. Benzoin, isohydrobenzoin, and pyrocate- 
chin give, when their sodium compounds ate 
treated with ClCO.^Et, neutral carbonates of 
the form E"COj, while resorcin, hydroqninone, , 
and orcin give di-carbonates, E"(C03Et)2 (M, 
Wallach, A. 226, 87).— 12. On the Rate of EtUen- 
fication of alcohols v. Chemical Change. — 13. 
Ee.Cl,; gives a colour-reaction with all oxy -com- 
pounds whether aromatic or fatty, though in the 
latter case the reaction is faint and a nearly 
colourless solution of the reagent is required. 
Such a solution can be prepared by diluting two 
drops of 10 p.c. solution of Ee.^Cl.j with 60 o.c. 
of water. If an excess of the substance to be 
tested is added to this solution a sulphur-yellow 
colour will be produced if a fatty alcohol, oxy- 
acid, or carbohydrate is present (Laiulwehr, B, 
19, 2720). 

ALDANE. A term proposed by Eiban (C7. 

75, 98) to designate products formed by the 
union of two or more molecules of an aldehyde, 
with elimination of water — e,g. crotonic aldehyde 
CIl3.CH:Cri.CHO from aldehyde. 

Di-aldane C^H, , 0 ,, i.e. 

CH3.CH(0H).CH2.CH:CII.CII(0H).CH.,.CH0 
[130°]. B. (ether) *87 at 22°. Formed by the 
condensation of aldol, CH3.CH(9H).CH,.CHO, 
under the influence of hydrochloric acid (Wurtz, 
BL [2] 24, 100; 28, 169). Crystal*iised from 
water. SI. sol. cold waler, v. e. sol. boiling 
alcohol. May be distilled in vacuo. It reduces 
silver solution. Aqueous NHj at 100° forms a 
i crystalline base, CigHofiN.^Oa, v. sol. water» 

I alcohol or ether (MJjirtz, C. R. 91, 1030). The 
i aqueous solution of the base deposits, after some 
time, an amorphous isomeride. 

Iso-di-aldane [114°]. Formed by 

heating aldol at 125° (W.) or by slow action of 
aqueous IICN upon aldol (Lobry de Bruyn, Bl, 
[2] 42, 161). 

Di-aldanic acid ChH, ,0, i.e. 

CH3.CH(OH).CH,.CH:CH.CH(OII).CII,.COjH 
[80°]. (198°) at 20 mrn. Formed by treating an 
aqueous solution of di-aldane with Ag..O or 
KMnO^ (Wurtz, GJi. 83, 255, 1259). Monoclime 
crystals. V.e. sol. alcohol or water, m. sol. ether. 
Salts : — KA' deliquescent crystals (from 98 p.c. 
alcohol).— NaA': plates (from alcohol).— BaA', ; 
ppd. as powder by adding ebher to an alcoholio 
solution.— CaA', xaq: v. e. sol. water, but not 
deliquescent.- AgA': small lamin® (from boiling 
water) ; in sol .‘alcohol. 

Di-aldanlc alcohol GhHi^O, i.e. 
CH3.CH(0H).CH,.CH:CH.CH(0H).CH,.CH,0H 
[49°-63'']. (162°-165°) at 10 mm. Prepared by 
reducing di-aldane in aqueous solution with a 
large excess of (1 p.c.) sodium amalgam, the 
liquid being kept slightly acid with HCh The 
liquid is nqutralised and evaporated, freea from 
KaCl by mcohol, and the alcoholio soluti<m 
distilled (Wurtz, 0, JB.92, 1871). White, crystitl- 
line, deliqnes^nt mass. 0 . iiol* walNut 
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aleohd $ ad. ether. Ao^O forma in aoet aU 
(hHuAOoO, (o. 169®) at 9() mim Di-aldanio 
iloohol does redace ammoniaoal AgNO,. . 

ConstituUon , — The formation of a di-acetate 
Beems inconsistent with the constitution aligned 
to di-aldanic alcohol. Di-aldano may be con- 
Bidered to be derived from di-aldol, 

OH,.OH(OH).OH,.CH(OH).GH,.CK(Oir).CTr..CnO, 
by removal of H.^0. If this dehydration is to 
destroy two hydroxyls an anhydride must bo 
formed: 

CH,.CH.CH2.CH.CH,.CH(OII).CIl2.CHO 
(j) 1 

and the formules of dialdane derivatives must 
be altered accordingly. 

ALDEHYDE (ACETIC) CJI.O, i.e. CII,.CHO. 
Mol. w. 44. (21°). S.G.fi-800'(Kopp,^.G4.214); 
V -7799 (Bruhl) ; jS -7951 ; i« *7870 (Perkin, C. J. 
46, 475). S.V. 66-6 (Ramsay). l-Sa.'Jl). 
R 03 18-18 (B.). n.F.p. 48,740 (Thomsen) ; 
46,000 (Berthelot). H.F.v. 47,870. M.M. 
2*383 at 16*3°. V.D. 1*632 (for 1*520). 

Occurtxnce. — In the first portions obtained 
by rectifying spirit that has been filtered through 
charcoal, where it is perhaps formed by oxida- 
tion in the charcoal (Kriimer a. Pinner, i>*. 2, 
403 ; 4, 787 *, Kekul 6 , B. 4, 718). The name 
aldehyde was invented by Liebig as a contrac- 
tion of alcohol dehydrogenatum. 

Formation.— 1. In the oxidation of alcohol, 
cither by slow combustion in contact with pla- 
tinum black, or by the action of CrO,, chlorine 
water, HNO,, or a mixture of H.^SO* and MnOj 
(Liebig, A. 14, 133). Also by oxidation of acetic 
ether and other ethyl compounds {e.g. ethyla- 
mine, Carstanjon, J. pr. 80, 480), and by slow 
combustion of ether. — 2. By action of ZnClj on 
glycol: e,H^(OII),-H, 0 + 0,11,0 (Wurtz, A. 
108, 80). — 3, From ethylene bromide and water 
at lC0°(Carius, A. 131, 172) C,H,Br, + H,0 =» 
C2H,0 + 2HBr. From ethylene bromide and 
merourio acetate (Linnemann, A. 143, 347). — 
4. Prom ethylene and CO,# at 400° (Schiitzen- 
berger, Bl. 31, 482).— 6. From acetylene and 
aqueous HgBr, (Kutscheroff, B. 14, 1540).— 
6. By electrolysis of potassic lactate (Kolbo, A. 
118, 244), of sugar solutions (II. T. Brown, C. J. 
26, 678), or of alcohol containing H,SO, or KOH 
(Jaillard, 0. B. 58, 1203).— 7. By dissolving 
acetylene in dilute H,SO, (S.O. 1*35) and dis- 
tilling the product with water (Lagormark a. 
Eltekoff, B. 10, 037).--8. By the dry distillation 
of a mixture of calcic acetate and calcic formate 
CajCOjiCIIs)^ + Ca(CO,H), = 2CaCO, + 21ICO,CH, 
<Bitter, A. 97, 3G9).— 9. By oxidation of ethylene 
with aqueous CrOj at 120° (Berthelot, 0. B. 68, 
834). — 10. By reducing chloral with zinc and 
^lute HaSO, (PeriiSnne, 0. B. 71, 227).— 11. To- 
gether with formic acid by heating lactic acid 
with dilute H,SO, at 130° : 

CH,.CH(OH).CO,H = CH 3 .CHC) + HCO,H 
(Erlenmoyer, Z. [2] 4, 343). Also, together 
with lactide, by the dry distillation of lactic 
acid. — 12. Among the products of the action of 
H 2 SO 4 and MnOj or K,Cr,Or upon albumen, 
fibrin, casein, gelatin (Guckelberger, A. 64, 46, 
86 ), oagluten (Keller, A. 72, 31). — 13. By heat- 
ing acetal with glacial acetic acidtat 180° for 
days (Beilstein, C. B, 48, 11211.— 14. By 
bassiqg alcohol through a red-ho| tube. From 
oil in the tame way (Hess, P. 88, 380). 


Aldehyde occurs among the products of the dry 
distillation of wood (Kane, A. 19, 288 ; Kramer, 
a. Grodzki, B. 9, 1021 ; Mabery, Am. 6, 258), and 
of sugar (VSlckel, ^^87, 303). — 15. By distilling 
a-di-alkylated-)8.oxy -propionic acids ; 

cn ,.cH(on).CRt2.co2H - 

Clla.CIIO ^ CHEt^CO^n. 

Preparation.— t. Frtfm the ‘first runnings* 
in the rectification of fermented liquors, — 2.. 
Alcohol (3 pis. of S.G. -842) and K^CraO, (Spts.) 
are placed in a retort and eoric. (4 pts.) is 

slowly run in. The heat evolved causes the 
aldehyde to distil off (W. a. K. Rodgers, J. pr. 40, 
240). It is collected in dry etlier, which is after- 
wards saturated with dry NH,; aldehyde- 
ammonia separates in cubes, and this is distilled 
with (3 pts.) mixed with water Oi pts.), 

the receiver being cooled with ice and salt. The 
product is dried over CaClj and rectified. 

Properties.— Characteristic odour, miscible 
with water, but se})aratcd by CaClj from solu- 
tion. Neutral. Readily polymerised. Mixes with 
alcohol and ether. A mixture of aldehyde (1 pt.) 
and water (3 pts.) boils at 37°. Aldehyde dis- 
solves S, P, and I. Burns with blue flame. It 
dissolves 7 times as much SO.^ as water does. 

Tests.— 1. Heated with ammoniacal silver 
nitrate forms a mirror.— 2. Heated with aqueous 
potash forms a yellow body (aldehyde resin) and 
gives off a cliaractoristic odour (Weidenbusch, 
A. 66, 153). The solution then contains form* 
ate and acetate.— 3. Restores the colour to a 
solution of a rosaniline salt that has been 
bleached by SOj.— 4. Reacts with hydroxylamino 
forming a liquid oxim {v. infra).— 5. React* 
with phenylliydrazine forming a crystalline 
phenyl-hydrazide {v. infra). — 6. Combines with 
NaHSOj.— 7. Combines with NH,r-8. 
passed into an aqueous solution forms an oil, 
converted by acids into solid thio-aldehyde 
{g.v.).—d. Alkaline aqueous solutions produce 
a red coloration when treated with diazo-ben- 
zene sulphonic acid and a little sodium-amalgam. 

Bcactions. — l. Oxidised to acetic acid slowly 
by air, more rapidly in presence of platinum 
black, most rapidly by oxidising agents.— 2. 
Passed over red-hot soda lime, it forms sodio 
acetate and hydrogen. Passed over red-hot 
quicklime, it gives acetone and various ketones 
and gases (Schlocmilch, Z. [2] 5, 336). — 3. HI at 
high temperatures reduces it to ethane (Berthelot^ 
Bl. [2] 7, 59). — 4. Sodium amalgam reduces* it 
to alcohol, some di-oxy-butano being also formed 
(Kekule, A. 162, 309).— 6. Converted into 
crotonic aldehyde {q. v.) by ZnClj or by aqueous 
solutions of sodic acetate or Bochelle salt at 
100°. Zinc shavings at 100° produce an alde- 
hyde CJI ,„02 (220°) ; it i^n oil and combines 
with NaHSO, (R.^an, Bl. [2] 18, 63).— 6. With 
chlorine forms, in sunlight, acetyl chloride 
(Wurtz, A. 102, 93).— 7. Chlorine passed mto 
aqueous aldehyde forms chloral, butyfo-chlorfl, 
dichloraldehyde, and other bo^es iPinner, A, 
179, 21; B. 8, 1321, 1561; WuiTz a. Vogt, 
Bl. 17 , 402). Bromine converts aldehyde, 
dissolved in acetio ether, into bromal and 
di-bromo-aldehyde. — 8. PCI, gives ethylideno 
chloride, CHj.CHCla (Beilstein, A. W8, 110). 
COCL^ acts similarly (Eckenroth, B. 18, 618).*- 
9. PCljBrj gives ethylidene bromide, CH,.CHBr^ 
(Paterno a. Pisati, B, 5, 289).— 10. Dry UCT 
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assed into cold aldoliyd^ forms ethylideno ohlot- 
ydrin t)H5.CHOl.OH, ^(25®) at 40 mm. This 
e^nges spontaneously, or more quickly it heated 
or treated with HCl, into ‘ etljylidene oxy-chloride,* 
C4HgCLO, (o. 69°) at 40 mm. A small quantity 
of another body, CgHuCljO, (c. 100°) at 40 mm., 
is also got. Ethylidone oxy-chloride is probably 
di*ohloro-di-ethyl oxidj (CK3.CHC1)20. It is 
converted by boiling water into aldehyde and 
HOI, and by ammonia into efflorescent needles 
of (CHj.CHNHj).^ 2HC1 (Lieben, C. R. 46, 662 ; 
Kessel, A, 175, 46 ; Hanriot, C. R. 92, 302). 
Aldehyde saturated with IICl is converted into 
crotonic aldehyde (5'. 'y.),chloro-butyric aldehyde, 
and a compound C,„H,^Cl,,Oj [98°j (Kekule, A, 
162, 102). — 11. Aldehyde left for some days with 
aqueous IICl forms aldol {q. v.).— 12. HCl passed 
into a mixture of aldehyde and alcohol forms 
ohloro-ethyl ether (7. u.). —13. HCl passed into a 
mixture of aldehyde and forms di-thio- 
acetalCH3.CH(SEt)., a mobile liquid (Baumann, 
B, 18,884). — 14. Aldehyde forms with 2^20 
a compound which is decomposed by water with 
production of secondary butyl alcohol (7. v.). — 
16. When paraldehyde (I g.) is added to cold 
HjSO^ (100 g.) and the solution is shaken with 
bmzene, di -phenyl -ethane is got : 

CH3.CHO -i- 2C,.H« = CH3.CH(C,H,),-f H.O 
(Baeyer, B. 7, 1190).- 16. With cj/anaviide it 
forms a compound (C.JIi)jN3Cy3Aq (Knop,/l. 131, ' 
253).— 17. With HCN it gives lacto-nitrilc (7. v.). 
18. With HCN, HCl, and NH, in aqueous 
solution it gives, on boiling, alanine (7. v.). A 
mixture of aldehyde-ammonia and HCN in 30 
p.c. solution acidified by IICl gives in the cold 
amido-propionitrile, which changes first to 
imido-propionitrilc, and then, in about a month, 
to hydi’ocyanaldinc. 

Hydrocyanaldine C„H,oN,. [115°j. S.*18ttt 
20°. S. (alcohol) 1'27 at 18°. Prisms (from 
ether). May be sublimed. V. sol. acetone, m. 
sol. ether, v. si. sol. CS_.. Decomposed into its 
components by boiling AgNOj or boiling KOII. 

Parahydrocyanaldinp. C.,H,.^N,. [232°J. 
a -01 at 20° ; S. (alcohol) -01 at 18°. This is a 
similar body formed by allowing the liquid con- 
taining hydrocyanaldine to stand several months, 
and also by warming a mixture of amido- and 
imido- propinnitrile with HCl. Bhombic crystals 
Hrom acetone). Insol. ether, v. c. .sol. acetone. 
Decomposed by AgNO^or KOII like hydrocyan- 
aldine. 

Comhbiatiom.—l, With hisiilphites of the \ 
alkalis : C^H^ONaHSO^Aq : pearly plates by 
evaporation over H SO,; satiny needles when 
ppd. by alcohol. — CJIjOKILSOj: hard indis- 
tinct crystals composed of minute needles.— 
(C2H40)3Ba(HS0.,).tr, soluble scales. — If a solu- 
tion of (NHJHSOg bo mixed with aldcliyde and 
evaporated, it deposits crystal.^ of C,II,OSO ,NH„ 
8. 16 at 16° (Bunte, A. 170, 305). But by 
iMssing tCOj into alcoholic aldehyde-ammonia, 
Bedtenbacher {A. 65, 37) got unstable needles of 
an isomcrilj body, 8. 70 at 16°. When strongly 
heated with potash -limo,this decomposed with pro- 
dnotion of di-methyl-amine or ethylamine (Goss- 
mann, A. 91, 122).— It may bo C^H.ONH.HSO., 
(Beils tein).— The compound of aldehyde with acid 
•odium sulphite may perhaps bo represented 
by the formula CHj.CH(OH).SO,Na, as a-oxy- 
^hyl sodium sulphite. 


2. Withanwtonni: CH,.CH(On).NH2. 

Aldehyde^ammonia [70° 80°]. (100°), 

V.D. 80‘36. By passing NH3 int6 ethereal sola* 
tion of aldehyde (Liebig, A. 14, 133). Rhombo* 
hcdr|, best got by mixing a cono. alcoholic solu* 
tion with ether, very soluble in water, hardly 
soluble in ether. Alkaline. Turns brown in air, 
Decomposed by dilute acids, even by CO, 3, giving 
off aldehyde. Reactions. — (a) H.^S forms thl- 
aldine (7. v.).— {h) H.Se forms selen-aldine 
CjIIisNSe..— (c) Alcoholio CS.^ forms carbo-thi- 
aldine (7. v.). — (d) HCN and HCl form, in the 
cold, hydrocyanaldine, C,,H,,;N,„ or on heating, 
alaniiio (7. v.). — (c) At 120° in a sealed tube it 
forms tri-methyl-pyridine, oxy-tetraldiiis 
C^H,3NO, andoxypentaldine CiJIuNO. The 
two latter are monacid amorifflous bases, si. sol. 
water (Babo, J. pi'. 72, 88 ; Heintz a. Wislicenus, 
J. 1858, 317; Schiff, A. Siippl. 0, 10).-(/) Ac- 
tion of SO3 is dpscribed above.— (7) CS., forms 
carbothialdinc CJIi^N-.S , (7. v.).— (/i) NaOEt and 
Mol in the cold form isocholine iodide, C^HnNOI 
(G. Meyer, B. 16, 207). 

i 3. With ammonia and silver nitrate or suh 
phate: When AgNOj (100 c.c. of a normal 
solution) is added to aqueous Nil, (15 c.c. four 
times normal) and, after filtration, aldehyde is 
added as long as the pp. first formed redissolves, 
a liquid is got in which more Nil, (15 c.c.) causes 
separation of the compound C.IIioNjOaAg .(aq, 
which must bo washed with alcohol and ether 
and dried at a low temperature (Bcychlor, B. 
17, 41). It forms unstable wliitc six-sided plates. 
SI. sol. water, v. si. sol. alcohol, insol. ether. 
Its warm afiueous solution deposits a silver 
mirror.— If the same solutions bo mixed in the 
following proportions: 20 c.c. NH.,Aq, 33 c.c. 
AgNO.,Aq anti 20 c.c. aldeliydo, awd 250 c.c. 
alcohol be added, a whi*Le mierocrystallinc pp, 
i CiHj^NjOjAg is got. This body is represented 
I by Liebcrmann a. Goldschmidt {B. 10, 2179; 
; 11, 1198) as AgNO.,2C,H,NH; 

j Reychler writes A‘gO.N «;^^J^>Cri.CH3)3.— 

Ag.SO,(CJI,Nn),3aq.-Ag,SO,,fC.II,NII),6aq.— 
Ag.'.SO,(C..II,NH)3Nll3 3aq (W. G.'Mixter, Am.5. 
[3J 17, 427). 

4. A solution of aldehyde in alcoholic am- 
vionia in six mont!»s becomes brown. If it be 
then evaporated, tri-ctJiylidcne diamine^ or 
hydracdamule (CH.,.CII):,N,3, is left as a yellow 
amoiohous powder, soluble in xvater. Its hydro- 
chloride is C,iH,.,N32HCl. Boiling water or acids 
convert it into oxy -trialdine C,II,,NO, an 
amorphous yellow powder, soluble in water; 
salts.-C„n„N0.HCl.-(CJI„N0).H3S04 (H. 
Schiff, Bl. [2J 8, 413 ; A. Suppl 6, 1). 

6. 'SYiih prussic acid : C.^Ci/ICNH i. 
C.3H,(011)CN, ethylidene cyanhydrin oi 
lacto-nitrile (7. v.). — 6. With ethyl nitrate*, 
C..H,02EtNOj (80°). S.G. iz 1045. Formed by 
distilling a mixture of KEtSO^ with KKOj. It 
is an oil. Vapour explosive. Decomposed by 
potash into aldehyde (Nadler, A. 116, 173). 

7. With ethyl chloride v. Ciiloro- >x-ethti 

OXIDE. 

8. With alkoyl chlorides or bromide^, Tha 
following compounds maybe viewed asuorived 
from ethylidene glycol chlorhydrinCH, . OH 'OH)0] 
{v. reaction 10), by displacement of H by acid 
radicles. * 



ALPfiHtDB acKTlQ, Iw 


(a) With acetal chhridet C.^,p*Clor 

02 H^(OAo) 01, ethylidem ehloracetin (121*6° cor.) 
8.G. 1*114.^ Combinatiori takes place at 

100° (M. Simpson, Pr. 27, 120 ; Franchimont, R, 
1, 240; Bubencamp, A. 225, 274). The com- 
pound was discovered by Wurtz {Z. 1871, 362; 
A. Ch. [3], 49, 58 ; C. R. 73, 528). Decomposed 
by potash into KOI, acetic acid, and aldehyde. 
KOAo forms CH,.CH(OAc), (SehifT, B. 9, 304). 
Chlorine at 120'^, in presence of iodine, forms 
CHCl2.CHCl.OAc, tri-chloro-ethyl acetate (250°- 
280°). Bromine dropped into it at 100° forms 
bromethyl bromo-acetate CHa.CHBr.O.CO.CII^Br 
(v. Buomo-acetic acid). 

(b) With acetyl bromide forms a corre- 
sponding, but unstable, compound (c. 140°) 
(Tawildaroff, A. 176, 21). 

(c) With propiomjl chloride'. CJIbCIG.^ or 
CH3.CIIC1.0(C;,II^0), chloro - ethyl -prropionate 
(135° uncor.). S.G. i-* 1*071. 

(d) With butyrylchloride: CH,.CHC1.0(C,H,0) 
(149° uncor.). S O. 1*038. 

(e) With unZeryZ c/i?oridc : CH3.CIIC1.0(CJI„0) 
(c. 163°). S.G. li *997. 

Derivatives of Ortiio-Aldehtde. 

The following combinations between alde- 
hyde and compounds of the form M.^O may be 
viewed ns derivatives of ortho -aldehyde, 
CH3.Cn(On)2. Ortho-aldehyde itself is not 
known, but chloral hydrate is tri-chloro-ortho- 
aldchyde. 

Alkyl derivatives. Acetals or Aide- 
hy dates. The term ‘ acetal,’ originally applied 
to CHa.CH(OKt),,, is noNv often extended to the 
whole scries of di-alkylatcd ortho-aldehydes. 

These bodies are formed, together with other 
products, by the oxidation of alcohols. Kach 
of them may be formed*from one of its higher 
homologues, by heating the latter at 120°, with 
an alcohol containing a lower radicle. Thus 
di-ethyl-acetal heated with methyl alcohol yields 
dimethylacetal, whereas the fatter heated with 
ethyl, propyl, isobutyl, or amyl alcohol yields 
only traces of an acetal containing different 
alcohol-radicles. Similarly diethyl-acetal heated 
with methyl-alcohol is converted, for the most 
part, into dimethylacetal, but is practically un- 
altered by propyl and amyl alcohols (Bachmann, 

A. 218, 38). Aldehydates may also be formed 
by heating aldehydes with alcohols and HCl 
(Wurtz a. Frapolli, A. 108, 226; Claus a. Trainer, 

B. 19, 3004). 

Ethyl-ortho-aldehyde CH3.CH(OH)(OEt) 
{80°-90°) (Renard, B. 8, 132) (c. 50°) (Jacobsen, 
B. 4, 215). Among the products of electrolysis 
of mixture of alcohol and dilute H..SO| (R.). 
By action of water on chloro -ctiiyl-cther, 
CH3.CHCl.OEt (J.). 

Di-methyl-acetalQ^^ff).ii.e. CIIa.Cl^OMe)^ 
(62*7°-63*3°) at 751*6 mm. S.G. ^ •8655 (Bach- 
mann) ; *8590 at 14° (Dancer, A. 132, 240). V.D. 
8*10 (for 3*11). S.V. 110*81 (R. Schiff, A. 220, 
104). Occurs in crude wood spirit (D.). Formed 
by oxidising a mixture of MeOH and EtOIiwith 
MnOj and H.^SO^ (Wurtz). Prepared by heating 
aldehyde (4 vols.), methyl alcohol (8 vols.), and 
glacial HOAc (1 vol.) at 100° (Alsberp;. J. 1864, 
485). A colourless liquid burning witTi a white, 
blue-edged flame (Wurtz, A. Ch. p] 48, 373). 
EtOlj at 120° has hardly any action, traces of 


methyt;.othj^t-aoetal being formed. Propyl, iso- 
butyl, and 180 -amyl alcohols act similarly. 

Methyl-ethyl-acetU OH,.CH(OMe)(OEt). 
Reactions that migl^ be expected to produce 
this body yield only a mixture of di-methyl- 
acetal and di -ethyl-acetal (A. Geiithor, A. 22H, 
265). 

Di-ethyl acetal v. Acetal. 
Methyl-propyl-acetal C^Hj^Oj *. «. 
Cn3CH(OMo)(OPr) (103°-105°). Very little is 
formed from di-mcthyl-acctal and PrOH at 120°. 

Ethyl-propyl-acetal C,H,602 i. e. 
CH3.Cn(OEt)(OPr)(124°-120°). Very little is 
formed from di-ethyl-acetal and PrOH at 120°. 

Methyl-isobutyl-acetal CJIj^Oa 
(126°). Dimethyl-acetal (15 g.) heated with iso- 
butyl alcohol at 120° forms a little (1 g.) of this 
body. 

Afe t h y l-i s o-a m y l-a cetal C^H, ^0., 
(1U°-144°). A little got from di-methyl-acetal 
and iso-amyl alcohol at 120°. 

Di-propyl-acetal (146°-148°). S.G. 

*825. Got by passing pure PH3 into a mix- 
ture of aldehyde and PrOIIat —21° (Girard, C, 

R. 91, 629). 

Di-iso-butyl-acetal CJ0H23O2 (168°-170°). 

S. G. 52 *816. Prepared like the preceding. 

Di-iso-amyl-acetal C,oH.,uO., i. e. 
CH3.CH(0C,H„), (c.l95°) (Bachmann); (210*8° 
cor.) (Alsberg, J. 1804, 485 ; Claus a. Trainer, B. 
19, 3008). S.G. 52 .801 (B.); 15 *835 (A.). Alde- 
hyde (1 vol.) and iso-amyl alcohol (5 vols.) are 
mixed, saturated with SO.., and warmed with 
glacial HOAc (1 vol.). A small quantity is got 
by heating amyl alcohol w’ilh acetal at 120°. 
Ethylene-acetal C^Hs,0^ i.e, 

CHsCn<Q>C,H, (82*5°) at 760 mm. S.G.21-002. 

S. 67. From aldehyde and glycol at 100° 
(Wurtz, A. 120, 328). Separated by CaCl.^ from 
its aqueous solution. Not attacked by KOH, 
Acetic acid gives glycol di-acctin. 
Propylene-acetal CJIjoO.j i. e. 

CH3 .CH<;q>C 3H« (93°). From aldehyde and 

propylene glycol at 160° (Gramont, Bl. 41, 361). 
Decomposed by water into aldehyde and propy- 
lene glycol. 

Oxy-propylene-acetal C^HipOs 
i.c.CH,.Cn<^C,H,OH (c. 186°) S.G. 2 1-081. 

From aldehyde and glycerin at 180° (Har- 
nitzky a. Menschutkin, A. 136, 126). Decom- 
posed by w’ater into its corai)onent9. 

Di-{A) -naphthyl-acetal 
Cn,.CII(O.C,oII,).,. [201°J. Slowly formed when 
(j8)-naphthol and aldehyde are dissolved in acetic 
acid and a few drops of HCJ^re added (Claisen, 
B. 19, 3318). Crystals; insol. aqueous alkalis. 
Changed by warming with HOAc and HCl into 
cthylidene-di-naphthyl oxide, 

CH..CH<C;A^0. 

Alkoyl derivativesoY ethylid9ne salts. 
When both alkoyls (acid radicles) are the same, 
these bodies may be view*ed as compounds of 
acid anhydrides with aldehyde. They are slowly 
decomposed by water, more rapidly by potash, 
into aldehyde and acids. Mono-alkoyl deri- 
vatives, CH,.CH(OH)(OR) are not known; they 
appear to split up into water and the in- 





toari&» fe.CE(0B)},0. Th^ 

• liiaiT be ^fbntie^ froiftfoi-cliloro-di-ethyl oxide, 
iSLcHCnsO and sodium salts. They are vola- 
tilaUquids, decomposed \tj water into aldehyde 
and acid (Geuther, A. 226, 223). , 

Di-acetyl derivative C^3-CH(OAc)2 
'ri68-4« cor.). S.G. 1*073. /i-l*l0 at 28 . 

1. From CTIa.CUCl(<5Ac) ^nd AgOAc 
camp, A. 225, 274).-2. From aldehyde and Ac O 
at 18^0° (Geutlier, A. 100, 249).-3 hrom alde- 
hyde and AcCl at lOO'^ (Franchimont, 11. 1, 248). 

Di-propionylderivdtice ,, i non 

CH..CH(0C3H50)., (lO‘i-2^ cor.). S.G. ^ 1*0-0 
p ■» 1*407. From GHj-CHCHOC^H^O) and 

^ Di-butyryl dgriijaf ii;eCIl3.CH(OC4njO).^ 

(226® cor.). S.G. 1^*947. 1*414. 

Acctyl-propionyl derivative 
OH,.CH(OA^(OC3H,0) (178*6° cor.). S.G. 3^ 1*044 
ft » 1*402. From AgOC^H.O and CHs^UC-.OAc 
or from AgOAc and CH3.CHC1.0C3H,0 (Geuther 
a. Rubencarap, A. 225, 281). 

Acetyl-butyryl derivative 

CH,.CH(OAc)(OC^H,0) (192*0° cor.). S.G.~1*015 
tt» 1*047. FromAgbC,H;0 and CHvCHCl.OAc, 
or from AgOAc and CHj.CHCl.OC^HjO. 

Acetyl-valeryl derivative 

CH,.CH(OAc)(OC,H..O) (194°-199° cor.). S.G. “ 
•991 n « 1*408. Similarly prepared. 

POLYMKBIDES OF AlDEIIYDK. 

Aldehyde reaoily polymerises, forming aldol 
aHA (7- -y-). paraldehyde C,H.A» ot metal- 
dehyde C..„H,A- aldehyde may be kept 

without change, but when impure it spon- 
taneously changes to paraldehyde or mctalde- 
hydc (Weidenbusch, A. 06, 155; hehling, i4. 
27, 319 ; Geuther a. Cartmell, A. 112, 16 ; Lie- 

ben, A. Sm>i- !• , 

142, 141 ; B. 3, 468). Meta. dehyde is formed 
'from aldehyde at a low temperature by the same 
reagents that cause the formation of paraldeliyde 
at high temperatures (K. a. Z.). Neither of these 
bodies is affected by hot potash, but both of 
them are converted by PCI5 into ethylideue 
ehloride,CH,.CIICl„ and by HCl into ■ othylidene 
oxy-chloride ’ (v. supia). A little alcohohe hGil 
converts aldehyde into a mixture of metalde- 
hyde, paraldehyde, and a little crotonic alde- 
hyde (Perkin, G. J. 43, 88). 

'Paialdehyde C.II,,,0.. Mol. w. 132. [ip°-12 ]• 
124° i.V.) (K.a. Z.): (124*4' ) at752mm.(R.Schifl, 
i. 220, 104). S.G. *9943 (Brlihl) ; *9993 ; 

I *9900 (Perkin, C. J. 46, 479). aV. 150-7 (^). 
lf.D. 4*35 (for 4*65, S.). 1*4095. Boo 52*48 (B.) 

1I.M.,6*662 at 17<^. S. 12 at 13° ; 6 at 100 . 

Preparation,— Inpresenfe of a small quantity 
HCl, COClj, or SO,, aldehyde gradually 
becomes hot, often reaching 40°. It is then 
to paraldehyde. II2SO4 and ZnCl, 
effect this change even more vigorously. The 
product 18 cooled to-O®, when paraldehyde 
emtallises. ... 

Properto.— Colourless liquid, smelling like 
acetal and aldehyde. It is partially converted 
into aWehydo by distillation. Distillation with 
H«604, HCl, ZnClj, HgBr„ or COCl, completely 
Sects this change. The reactions of paralde- 
hyde, in presence of any of these bodies, «e 


thertffflrd the B*m« j? 

forma OH..CH(OAo), with Mff- 
not react with ammonia. HNO* oxidises it to 
glyoxal (Liubawin, J. B. 18, 496). 

^onstitutwji. — The S.V. agrees with that 
required by KekulC’s formula 

CA<o;c:h;>^ (Bruhl, A. 203,44). 

Metaidehydo CgH^Os. S.(chloroform) 
at 26® ; 4*235 at 60® ; S. (benzene) *12 at 23 , 
•181 at 80®. Formed by passing a few bubbles 
of SO, or HCl into aldehyde in a freezing mix- 
ture; metaldehydc crystallises out, and the 
mother liquors are distilled and treated as before 
(K. a. Z.). CiiClj effects the same transformation 
at the ordinary temperature. 

Protierties.— Long striated prisms, sublimes 
about 115° without melting. Insoluble in water, 
slightly soluble in cold alcohol or ether. It may 
be converted into aldehyde : (a) by heating for 
a day in vacuo at 180°, (b) by repeatedly dis- 
tilling under atmospheric pressure, (c) by heat- 
ing its solution in chloroform. The vapour 
density may be found in the usual way, duo 
allowance being made for its partial dissociation, 
the amount of undecomposed metaidehydo being 
estimated after cooling. The V.D. is thus found 
to lie between 72*2 and 69*1, the mean value 
being 62*5. Mctaldchyde is not attacked in 
cold by KMnO^, chromic mixture, or NH3. Chlo- 
rine iovnis chloral; PCligivcsethylidenechlonde 
(Ilanriot a. Oeconomidcs, 0. B» 93, 403 ; A, Oh, 
[5] 25, 226). 

Di-aldehyde v. Aldol. _ „ ^ 

ALDEHYDE-ACETAMIDE O.H^NA !*•• 
CH3.CH(NHAc), di-acetyUeihylidenc diamtm 
[169°]. Got by heating aldehyde with acetamide 
(Tawildaroff, D. 6, 477)^ * 

ALDEHYDE ACETATE v. p. IOC, I 6. 
ALDEHYDE ACETYL CHLORIDE v. p.l05,Z. 1. 
aldehyde ALCOHOLATE V. p. 105 , 1 63. 
ALDEHYDE (JEEEN v. Robaniline. 
aldehyde gum C,oH,„ 0,. The barium 
salt is formed by allowing a solution of aldehyde 
in baryta-water to stand for some lime. From 
this salt 11,80, liberates the ‘ gum ’ as a syrup, 
soluble in water and alcohol. It reddens 
rosaniline decolorised by SO,, and it gives iodo- 
form with I and Na,CO,. Reduces hotFehlmg s 
solution- Ca(C, oH, 704 ) 2 : amorphous (ToUens, 

!^dehyde PHENYL-HYDRAZIDE 

C,H,oN, i.e. Cn3.CH:N,HPh. ^ 

From aldehyde and pbenyl-hydrazine in ether 
V Aldehydes, reaction 4. Crystallised from 
benzoline. Deliquescent. V. sol. alcohol Of 
ether. Resolved by boilinfwater or duute acids 
into its constituents. 

ALDEHYDE RESIN. Formed by the action 
of aqueous* or alcoholic potash, hot or col^ 
upon aldehyde, or by heating aldehyde with 
NaOAc in sealed tubes at 100°. It is ac^m- 
panied by a strongly smelUng yellow oil which 
may be removed by distillation. Aldehyde resitt 
resembles colophony. It produces, fns^ 

with potash, oxy-iso-phthalic acid (283 
m-toluio f.cid [173°], and m-xylenol, CalljMe^OH 
When strongly heated with zinc dust it giVSi 
ethyl-benzene, m- and jt>- 
and methyl-naphthalene. 





Gkm<d$xi, M. IwXdd). 

ALDSBm>S 8 ^An aldehyde is a body de- 
ritod from a primary aloohol by removal of two 
atoms of hydrogen from each molecule, ^d 
having the general formula B.CO.H. It hmy 
therefore be looked upon as a ketone in which 
one alkyl is represented by H. Aldehydes may 
^SO be viewed as hydrides of acid radicles, 
henoe CH 3 .CO.H is called acetic aldehyde and 
not ethyl aldehyde, although the latter name is, 
etymologically, the more correct (p. 103). 

Mnmieralion.— In the following list the 
numbers denote values of n. C„H2„0. 1. For- 
mio ; 2. Acetic ; 3. Propionic ; 4. Butyric ; 5. 
Valerio; 6. Hexoio; 7. Heptoio; 10. Decoio; 
12. Laurie; 14. Myristic; 16. Palmitic; 17. 
Steario. — 0 bHo„. 20. 3. Acrylic (acrolein) ; 4. 

Grotonic; 6. Tiglio; C. Hcxenoic; 8. Octenoic; 
14. Tetradecenoio ; 15. Cimicic ; 21. Tri-oenan- 
thio.--0„H.;„,„0. Tetra-oenanthic. — 

* Benzoic ; Pheuyl-propionio. — 
OA-uO,. Cinnamic. — .,,0. Naphthoic. 
— Di-phenyl-acetic. — C^R^O^. Gly- 
collio (?). Oxypropionio. Oxybutyric (aldol). — 1 
Glyoxal. — C„H2„.,Oa. Maleic. — i 
0 ,Rj,_, 02. Furfurol.— 0„H..„_g02. Oxy-benzoic; 1 
Furfur-acrylic, Furfurcrotonic. — Cnll-n-jOa. 
Suberic. Azelai'o and Brasaylio.— C„H,„ ^0^ 
Di-oxy-benzoio ; Piperonal.-CnHjn^ioO* Di-alde- 
hydo-resorcin ; Di-aldehydo-orcin. 

Formation. — 1. By oxidation of primary 
alcohols by air and platinum-black, by aciueous 
ohromio acid or by H^SO^ and MnO^ ; 

2 R.CH 2 .OH + 0,= 2 R.CO.n + 2 H 2 O. 

2. By distilling a mixture of barium or calcium 
formate with some barium or calcium salt: 
'Ca(O.CO.U)3 •• Ca(0,C0.H)., = 2CaC03 + 2H.CO.lt 
(Limprlcht, A. 97, 3()8;*Piria, A. Ch. [3J 48, 
118; Krafft, B. 16, 1717). This process is a 
particular case of Williamson’s method of pro- 
ducing mixed ketones. Instead of calcic formate, 
a mixture of calcic oxalate mid lime may be 
used (Bogusch, J. R. 7, 47). — 3. From chlorides 
of the type lt.GH.Cl2 by heating with dry oxalic 
acid (^schiitz, A. 226, 19).— 4. Chromyl di- 
chloride, GrOjClj, unites with toluene and its 
homologues when added to their solution in 
CSj, forming brown powders, possibly of the 
form RCH(0.CrCl2.0II)2, which are decomposed 

water with production of aldehydes (A. Etard, 
d. 2J. 90, 534 ; 97, 909 ; Bornemann, B. 17, 
1462). — 6. Aromatic aldehydes may be prepared 
by heating dichloridcs R.CHCI2 with NaOIIAq, 
or the monochlorides, R.CIt^Cl with aqueous 
lead or copper nitrate. — 6. Alcohols of the form 
B.CH:OH.OH appear to change, at the moment 
of their formation inlb aldehydes, R.CH2.CHO. 
The formation of acrolein from glycerin, and of 
aldehyde from bromo-ethylene are instances. — 

7. Some aldehydes, as benzoic, acetief, propionic, 
and butyric, are produced by distilling albumen, 
fibrin, casein, or gelatin, with MnO^ and R^SO,. 

8. Idany aldehydes can be obtained from essen- 
tial oils derived from plants; e.g., benzoic, cin- 
namic, cuminic, and salicylic aldehydes. 

Properties, — Almost all are volatile liquids. 

BeacSons, — 1 . Are readily oxidised ^0 acids, 
nfid QonBequently are powerful reducing agents, 
l^nio idcohols, B.OO.OH 3 OH, resemble aide- 
power (woke, A, II 6 , 3X7).— 


4. 66 , lf»t| 2 . Many aro obnverto^^ by alcoholic potash 
or by potash-fusion into an alcohbl and an acid ; 
2O3H3.CHO + KOH * 0 ,H JeOjK + O^Hj.CH^OH. 
Glycols with double th^ number of carbon atome 
in the molecule are often lormed . — 3. Sodittm- 
amalgam^ or zinc and glacial HOAc, reduce them 
to alcohols (Krafft, B. 16, 1714 ; Tiemann, B, 
19, 355). — i. They ecoralline with NaHSO^. 
These compounds are u=;ually soluble in water . 
and in alcohol, but insoluble in saturated solu- 
tions of the bisulphites. H(7nce by shaking a 
liquid containing an aldoliydu with excess of 
such a saturated solution, the aldehyde may be 
completely separated in tlie form of a crystalline 
compound. From these compounds the alde- 
hyde may be set free by dilute orNa^CO,, 

and may then be distilled with steam (Bertagnini* 

A. 85, 179, 268).— 5. They combine with phenyl* 
hydrazuie {q. v.). A solution of phenyl-hydra- 
zine hydrochloride (1 pt.) and sodio acetate 
(1^ pts.) in water (8 pts.) when added to an 
aqueous solution of an aldehyde or ketone, pro- 
duces an insoluble compound, usually an oil 
appearing in drops producing a milkiness, but 
sometimes a crystalline pp. These compounds 
are not volatile with steam, but on boiling with 
dilute HCl they are resolved into phenyl-hydra- 
zine hydrochloride and the aldehyde or ketone 
(E. Fischer, A. 190, 131; B. 15, 2252).— 6. They 
form a silver mirror when heated with cone, 
ammoniacal silver nitrate. The reduction is 
promoted by adding NaOH (Tollens, B. 15, 1635). 
7. A solution of a rosanilinc salt, bleached by 
SO2, is reddened by aldehydes, in the cold 
(Schiff, Z. 1867, 175 ; Caro ; V. Meyer, B. 13, 
2342). This test is not infallible (Tiemann, B» 
14, 791) ; it is given by aUb hyde, paraldehyde, 
propionic, iso-valeric, and cenanthio aldehydes, 
chloral, butyro-chloral, acrolein, furfurol, ben- 
zoic, cinnamic, and furfurcrotonic aldehydes, 
furfuracrolem, salicylic aldehyde, cimicic alde- 
hyde ; it is not given by chloral hydrate, formio 
acid, carbo-hydrates, propyl alcohol and higher 
alcohols, pinacone, glycol, the phenols, or qua- 
none; a faint colour is produced after some time 
by acetone, and methyl and ethyl alcohols (O* 
Schmidt, B. 14, 1848).— 8. Alkaline aqueous 
solutions produce a coloration like magenta 
when treated with diazo-hensene sulphonic acid 
and a little sodium-amalgam. Acetone and aoeto- 
acetio ether give a dark red coloration without 
the violet shade (Penzoldt a. E. Fischer, B. X6, 
657).— 9. Aldehydes are converted by hydroxyl* 
amine into aldoxims : 

R.CHO + HaNOH = R.CH:NOH + H^O 
(V. Meyer, B. 15, 1164, 1324, 1525, 2784; I6, 
822,2992).— 10. u-di-methyUp-phenylciiediamiM 
acts vigorously on aldehydes^ alcoholic solu- 
tion forming crystalline compounds (A. Calm, 

B. 17, 2938) : Ph.CHO + NH2.C,H,.NMe2« 
Ph.CH:N.C,H,.NMe2 + H^O. 

11. Homologues of acetio aldehyde for A crys- 
talline compounds mth ammonia, E.CH(NHo)0H.. 
These are converted by into Bulplfhr bases 
[v. p. 104, 1. 9). The aromatic aldehydes are con- 
verted by ammonia into hydramides : 

SPh.CHO + 2NH3= (Ph.CH),N, f SH^O. 
Some fatty aldehydes, e.g. iso-butyrio aldehyde 
(Lipp, A. 211, 344) behave similarly. AoroleSa 
loses only half its oxygen : 

20,H,0 + NH, « CANO + H3O. 
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Primitry and secondary bases act u|»on aldehydes 
with elimination ot water. The neutral pro- 
ducts are split up by 601 into their components. 
12 . Chlorine forms derivatives by substitution. — 

18 . PClj displaces 0 by*01j. — 14. H.^S displaces 

*0 by S, forming thio-aldehydes, or their poly- 
merides.— 15. PCI, combines with aldehydes; the 
compounds are converted by water into phos- 
phinic acids {q. v.). — 16. PH J forms crystalline 
•compounds (y. Piiosphinks). — 17. Aldehydes re- 
act with alcohols forming acetals (p. ) : 

R.CIIO + 2H0R' = KCH(OK% H,0. 
Similarly, rncrcapkms form mercaptals (Bau- 
mann, B. 18, 88-1). — 18. Alki/l chlorides form 
chlorinated ethers {c.g. CHgCHCl.OEt). Alkoyl 
chlorides act similarly (p. 105, 1. 1). -19. Ilydiic 
cyanide combines with aldehydes, forming a-oxy- | 
nitriles. These nitriles give (a.) on saponiheation, 
oxy acids, (5) on treatment with ammonia, 
amido-nitriles, whence amido acids may be got | 
(Tiemann, B. 14, 1965).— 20. Aldehydes may i 
be converted into amido-acids by allowing them ! 
to stand for 30 minutes with a 3 p.c. solution of i 
NH^CN, and then boiling with IICI (Liubawin, 
J. R. 13, 506). — 21. Benzoic aldehyde reacts with 
nUro-]xtraJ}lns thus : Ph.CHO + H..C(NO.J.CH 3 = 
Ph.Cn:C(N0,).CH3 + H,0 (Priebs,* A. 225, 319). 
22. Aldehydes condense with aromatic com- 
pounds with elimination of H^^O and formation 
of tri-substituted methanes. Thus aldehyde 
and benzene give di-phcnyl-methyl-mcthano ; 
benzoic aldehyde and phenol give di-oxy-tri- 
phenyl-methane ; benzoic aldehyde and aniline 
give di-amido-tri-phenyl-metliane. -- -23. In pre- 
sence of small quantities of acids, aldehydes 
form red resins Avhen warmed with phenols, | 
Many of those arc converted by excess of acids j 
'into crystalline isomerides. Thus benzoic aide- \ 
hyde forms with pyrogallic acid prisms (from j 
ether) of this forms an acetyl deri- | 

vative C^gHo^Ac^O^. Benzoic aldehyde and rosor- j 
cin form C^gll^oO^ If a few drops of a licpiid 
containing an aldehyde be boiled with an alco- j 
holic solution of resorcin and a little IICI, and 
be then poured into water, a pp. is formed. 
This may be used as a test for presence of alde- 
hydes (Baeyer, B. 5, 25 ; Michael a. Ryder, B. 

19, 1388). — 21. In dilute alJcalbic solution alde- 
hydes condense with ketones or other aldchylcs 
with elimination of ILO, and production of com- 
plicated aldehydes or ketones.— 25. For the re- 
action between aldehydes and o-di amines v. 
Aldehydines. 

Peuktn’s Synthesis or Unsatukated 
Acids. — B enzoic aldehyde, acetic anhydride and 
fiodic acetate, heated together form sodic cin- 
namate. 

In this rea4;Jion the sodic acetate may be 
exchanged for ^ic butyrate or valerate, but the 
product will still bo so&ic cinnamate: hence 
Perkin concludes that the reaction takes place 
betwaen the aldehyde and the anhydride. Fittig 
•came to the opposite conclusion, viz., that the 
aldehyiie acted on thp sodium salt and that the 
nature of the anhydride was immaterial, thus if 
sodic succinate and acetic anhydride were used, 
the condensation took place with the sodic suc- 
cinate. To this Tiemann {B. 15, 2001) objected 
that^'ossibly the acetic anhydride acting on the 
sodic succinate formed sodic acetate and suc- 
cinic anhydride, and that the latter reacted upon 


the aldehyde. Stuart (B, 16 , 1486) then showed 
that when sbdio malonate was used condensa- 
tion took place between it And the beneoio 
aldehyde, although no malonio anhydride is 
kno^. He also showed that in this case glacial 
aottio acid might be substituted for aootio an- 
hydride. According to Fittig, aldol-like condensa- 
tion-products are first formed, and these, when 
they split off water, give the unsaturated acids 
(^. 227, 49). This is shown by the action of 
sodic iso-butyrate on benzoic aldehyde in pre- 
sence of isobutyrio anhydride, when the anhydride 
of the isobutyrio derivative of j8.ox;^-i8-phenyl- 
valcric acid Ph.OH(OH).CMe,.CO.,H (q.v.) is 
formed ; in which there is no H for the OH to 
split off with. If NaOAo bo used instead of 
sodium isobutyrate oxy-phenyl -valeric acid is 
still formed, a result that supports Perkin’s 
view (Perkin, C. J. 49, 317). 

(Enanthol and valeric aldehyde may be 
substituted for benzoic aldehyde in these syn- 
theses, while the sodium salt and anhydride of 
propionic or n-butyric acid may be used instead 
of the corresponding derivatives of acetic acid. 
Condensation then takes place in the a position; 

Ph.CHO i-CH,.CH...CO,Na = 
Ph.CH:CMc.CO,Na + H.p. 

A dibasic acid can unite with one equivalent 
of an aldehyde for each CH^.COJI contained in 
its formula; the product may then lose H^O, 
becoming a laclonic acid or an iinsaturated acid. 

ALBEHYDINES. — This name was formerly 
applied to the base CJI,,N obtained by heating 
aldehyde-ammonia, since shown to be tri-methyl- 
pyridine (5. i'.). The same name has since been 
used by Ladenburg {B. 10, 1126 ; 11, 590, 1650) 
to denote bases obtained by mixing dilute 
aqueous solutions of aromatic c (but not m or p) 
di-amine hydrochlorWles with aldehydes. Con- 
densation occurs with evolution of heat ; the 
yield of aldehydinc aftw crystallisation is 60 to 
70 p.c. of the theoretical. C:,H^.(NH,)o -i- 2H.CO.R= 
CjHvN.^C Jt.R., + 2II.O. Thus o-totylene-di-amine 
hydrochloride aftd benzoic aldehyde give rise to 
CylhjNoC.H.Ph., tolylene benzaldehydine. 

The same body is formed by the action of 
benzyl chloride on anhvdro-hcnzoyl-tolylene di- 
N = C.Ph 

amino at 160'’, C;na<^ / . Hinsberg con- 

\nh 

eludes from this that its formula is 
.N = C.Ph 

C;HX / (H. 19, 2025). Under the con- 

\N— CH,Ph 

ditions of this experiment molecular change is 
more likely to occur than in the usual prepara- 
tion of aldehydines in aqueous solution. All 
other considerations pqjnt to a symmetrical 
formula ; and since in stability and other pro- 
perties these bodies resemble the quinoxalinea 
it is probgBlo that, together with the latter, they 
belong to the class of azines: tolylene benzalde- 
.N-CHPh 

hydine would then be C,Hj\ | | . Ths 

\N-OHPh 


formula given by Ladenburg is 





CHPh 

CHPh’ 


Fhenylene-anis-aldehydine 
[129^J. Veedles. Soluble in alooho1« Prepaid 
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kjT thdking ftnlsio aldehyde with an aqueous 
lolution of O'phenylene-diamine hydrochloride. 
B'HOl : needlq^ ; difficultly soluble in wateii 
Phenylene-bensaldehydlne OoJIi-N- tA 
.N_CH.C,H, 

V [133°-134oj. i 

\n'^-ch.o,h, 

Bix-sidcd prisms. Insoluble in water, easily 
soluble in alcohol and benzene. 

Prejparation.~{l) By heating o-phenylene- 
diamine with benzaldohyde. (2) By shaking 
benzaldehyde with an aqueous solution of o- 
phenylenediamino hydrochloride. 

Salts, — B'lICl : colourless prisms. 
(B'HCl)aPtCl^ : yellow precipitate. B'HNOa. 
Slightly soluble prisms. B'^K^SO^: colourless 
leaflets. 

Ethylo4odide C.^on,eNa(OaHJI [211°-213°]. 
Colourless prisms. 

Methylo-iodide C2oH„.N2(CIl3)I. Prisms. 
Phenylene-furfur-aldehydine CjaHijN.Oj i.e. 


^(1)N Cll.OJIaO 


C^h/ [95°-9a°]. 

\(2)N^CH.C,IIaO 
Colourless crystals. Soluble in alcohol and CJIa, 
with difliculty in ligroin, insoluble in water. 
Prepared by shaking furfurol with an aqueous 
solution of o-phenylenediamine hydrochloride. 

Salts. (B'HCl).,PtCl, : yellow leaflets. 
B'HNOj, : slightly soluble needles. 

Methylo-iodidc CigHuNsOafCIIs)!. [192°- 
195°]. Prisms. 

Tolylene-anisaldehydine C..3H,.,N.,02 le. 

O.H.(CH,)f [1G2°-150»] 

Needles. Prepared by the action of anisic alde- 
hyde on an aqueous solution of o-tolylene- 
diamine hydrochloride. • 

Tolylene-bonzaldehydine C.,,H,hN 2 i.e. 

.(l)N CH.C«H3‘ 

C.H,(CIIJ<; V [lOG-JO]. 

Colourless prisms. Forms unstable salts wdth 
acids. Prepared by heating bonzaldeJiyde witli 
o-tolylene diamine to 110°. Yield 45 p.c. of the 
diamine. 

B'HCl + II^O : long needles : difficultly soluble 
in strong HCl. 

Ethylo-iodiile [180°- 181°]. Needles or prisms 
f + JH^O). Soluble in water. With iodine it 
forms a periodide C.,,H,^N2(CJl5)I, [123"]. 

Gives a strongly alkalino solution with Ag.O 
which on neutralising with IICl and adding 
PtCl, gives a crystalline platino-chlorido 
(C 23 H 2 ,,N 2 Cl):PtCl,. 

Methylo-iodide [*200°]. Thin white needles, 
Fhenylene-benzaldelfydiiie carboxylic acid 
(1)N 

\(2)N— CIf.C,.H, 

Prepared by the oxidation of tolylcnc-benz- 
aldehydinC with KMnO^. Is not altered by 
heating with IICI to 200°. 

Salts : A'Ag : white precipitate. A'jCa : difli- 
eultly soluble needles. 

Tolylen%furfuraldehydine 

CH.C,il30 

0,A*N,O,<a0A(0H,)<[ 


(2)N^CH,C.H,0 


C 128 J°]. Thin white prisms. Easily soluble i» 
alcohol, ether, &c., with difficulty in cold ligrpin. 

PreparatUm.—(l) By heating furfurol with 
o-tolylenediamine. (2) By adding furfurol 
(20 pts.) to a solutioii of o-tolylenediamino 
hydrochloride (20 pts.) in 80 pts. of water ; on 
standing the hydrochloride separates out and ia 
purified by crystallising the base repeatedly 
from ligroin ; yield 65 ’f).c. of the theoretical. 

S'aZti* ; B'HNO., : needles. B',,H.,SO. : prisma 
(B'IlCl).,PtCl, : yellow crystals. 

Methylo-iodide [195‘5°]. Leaflets^ Difficultly 
soluble in water ; bitter taste ; powerful poison. 

Methylo-chloride : leaflets ; easily soluble in 
water. Powerful poison. 

Methylo-triiodide C,.H,^N30.(CH3)I, [126°- 
128°]. Light brown needles. 

Methylo-pentiodide C,,H,.N.,0..(CIL)I. [109°L 
Steel-blue pillars. 

p-ALDEHYDO-BENZOIC ACID C,H,0, 

C„H^{CII0)(C02H) [c. 216°]. Formed by careful 
oxidation of tercphthalic aldehyde with chromic 
mixture (Low, A. 231, 365 ; B. 18, 917). Needles 
(from water). Small needles wJien sublimed* 
M. sol. ether or chloroform, si. sol. hot water. 

Salt.—AgX'. Ether. — EtA'. Shows oharao* 
ters of benzoic aldehyde. 

Iteactions. — 1. Does not reduce ammoniacal 
AgNOg. Its ethyl ether, however, reduces am- 
moriiacal AgNOa.— 2. Does not give Perkin’s 
reaction with NaOAc and Ac^O.—S. With ZnCl, 
and alcoholic NPhMej it forms the zinc carbozy- 
late of leuco-malachite green, [147®]. 

Phenyl hydrazide [226°]. 

p-Aldchydo-nitro-henzoic acid 

( 2 ) (1) (4) 

C Jl3(N O2) (CH0)C02H. N itro-tcrephthalic-alde- 
hydc-ac i(l [IGO^], Large four-sided prisms. Easily 
soluble in alcohol and ether, sparingly in chloro- 
form. Formed by nitration of p-uldehydo-bon- 
zoic acid. 

With acetone it gives the indigo-rcaction 
(Low, B. 18, 918). 

ALDEHYDO-CINNAMIC ACID v . Cinnamic 
A cin. 

ALDEHYDO-NAPHTHOL v . Oxy-napuxiioio 

ALnEIlYDR. 

ALDEHYDO-OXY ACIDS. Got by heating 

avi»matic oxy acids with chloroform and aqueous 
NaOII (Tieiminn a. Bcimor, B. 9, 1268). 
C,H,(OXa)CO..Na -h 3NaOH -i- CilCl., = 

C,iH,(COli)(ONa)CO,Na -h 3NaCl + 2H2O. 

The Ct)H takes cither o or 2 ^ position towards 
the livdroxvl. 

ALDEHYDO-OXY-BENZOIC ACIDS CaH^O^. 

m-Aldehydo-salicylio acid 
C,.lidOH){ClIO)(CO..H)[l:4:2j. [219°]. S.-7 at 
100 ' ; -038 ait 25 °. 

Preparuium . — Salicylic acid^l pts.), NaOH 
(25 pts.), water (50 pts.^ and chloroform (15 pts.), 
arc boiled for some hours, the product dissolved 
ill water, and acidified with HCl. A yj^low 
pp. is formed and is extracted with ether. The 
ethereal solution is shaken with agueous 
NaliSO;, ; this solution, whba boiled with dilute 
IL^SO^, deposits a crystalline pp. consisting of the 
(1, 2, 6) acid ; the (1, 4, 2) acid remaining in the 
solution, from which it may be extracted by othei 
(Tiemann a. Beimer, B. 9, 1268 ; 10, 1563) .• 

ProjricrfiM.-— Long delicate yellowish needles* 
y. sol. ether or hot lUcohol, v. si. bqI. chloroform* 



Miioli on the shIxL affected the colour of many 
plants, and reacted with acids with effervescence 
and the production of ^new substances wherein 
neither the properties*>of the acids nor those of 
the alkalis were promin(|pt. Van Helmont and 
his successors recognised two kinds of alkali, 
fixed and volatile; Duhamel, in 1736, divided 
fixed alkali into two classes, vegetable (potash), 
and mineral alkali (sSda). vLittle or nothing was 
known regarding the composition of alkali until 
, the year 1765, when Black (on the occasion of 
graduating as M.D. at Edinburgh) published his 
dissertation on ‘Magnesia Alba, Quicklime, and 
other Alkaline Substances.’ Magyiesia alba 
dissolved in acids with effervescence ; but after 
being strongly heated no effervescence attended 
the solution of this alkali. The notion of Basil 
Valentine (end of 15th and beginning of IGth 
century), that lime when burnt combined with 
* matter of fire,’ had been accepted by many as 
an explanation of the difference in the behaviour 
towards acids of burnt and unburnt lime. If 
this explanation applied to magnesia it should be 
possible perhaps to get hold of this ‘ matter of 
fire,’ which combined with the viagnesia alba 
when that body was heated. But Black found 
that a given mass ot ‘magnesia alba weighed more 
than the calcined magnesia obtained from it. 
Hence something was lost instead of gained 
during the process of heating. This something 
proved on further quantitative examination to be 
a gas different from common air; to it Black 
gave the name of fixed air. The effervescence 
or non-effervescence of alkalis with acids was 
proved by Black to accompany the presence or 
absence of fixed air (carbonic acid). From this 
time a distinction was clearly drawn between 
alkalis, which dissolved in acids without effer- 
vescence, and carbonated alkalis, the solution 
of which in acids was accompanied by the escape 
of carbonic acid gas. It w’as recognised that 
whether a caustic or a carbonated alkali were 
dissolved in an acid, the body which remained 
in solution, and which had no close resemblance 
either to the acid or the alkali, was one and the 
same. 

The properties of the alkalis were supposed 
by the older chemists to be due to a ‘principle of 
alkalinity,’ or sometimes to a ‘ principle of salt- I 
ness,’ which latter principle was cumnion to I 
acids, alkalis, and llie products of their mutual i 
action, i.e. salts. Closely allied to, and some- ' 
times regarded as identical with, the alkalis, was ; 
the group of earths. These bodies were kiuiwn ' 
to neutralise acids and affect colouring matters 
like alkalis, but they w'cre much less soluble in 
water than the alkalis. It was taught by some 
chemists tliat an alkali is hidden in every earth, 
and by others tlllrt an alkali is an earth refined 
by the presence of acid anc^, combustible matter. 
Black’s exact quantitative investigations tended to 
disparage all such explanations as these ; but it 
yet remained to find the precise comiK>sition of 
llie alk|lis and the earths. Lavoisier thought 
that these bodies must fce compounds ; but, as he 
had no means of proving this, he classed them 
with the elements, while suggesting that the 
Barths were probably compounds of oxygen with 
inknofm metals. In 1807 Davy decomposed 
«wo alkalis, potash and soda, by passing an 
klcetric current through these substances when 


molten ; and a year later he succeeded, by the 
same agency, in separating the earthy bodies 
lime, baryta, and strontia, mto^ oxygen and, Id 
leach case, a metal. 

The name alkali is now generally applied to 
th^compdunds of hydrogen and oxygen with on<» 
or other of the five metals, lithium, sodium,, 
potassium, rubidium, cassium (v. Alkalis, Metals 
OF the); an aqueous solution of ammonia i» 
also regarded as containing an alkali, viz. a com- 
pound of hydrogen and oxygen with the radicle 
ammonium {v. Ammonium compounds). The 
alkalis are classed with the hydroxides, i.e. com- 
pounds of hydrogen and oxygen w'ith a third 
element, rather than with the hydrates, i.e- 
compounds of water with an oxide or a salt (v. 
Hydrates). The general formula of the alkalis 
is written MOH rather than MjOH.p ; M = Li> 
Na, K, Cs, Bb, or NH^. The alkalis are very 
soluble in water; these solutions neutralise acids 
forming salts, and also precipitate most of the 
heavy metals from their solutions in the form 
of oxides or hydrated oxides ; aqueous solutions 
of the alkalis act corrosively on animal and 
vegetable substances, and also alter the tint of 
many colouring matters. When moist, the 
alkalis, with the exception of ammonia, readily 
combine with carbonic acid to form carbonates. 
Lithia is much less soluble in water than the- 
other alkalis. The solid alkalis are not de- 
composed by the action of heat alone. 

. M. M. P. M. 

ALKALI-BLUE v, Phenyl-bobanilinb sui> 

PHONATE OP SODA. 

ALKALIMETRY. — The estimation of alkali* 
by volumetric methods, v. Analysis. 

ALKALINE EARTHS, METALS OF THE. 
— Calcium, Strontium, Barium.— Certain sub- 
stances, more or less alkaline in their propertie.",’ 
but differing from alkali chiefly in being in- 
soluble in water, were known from early times; 
these substances were called earths. After a 
time some of the earths were found to dissolve 
in water, althou^ to a less extent than alkalis; 
these comparatively soluble earths were se- 
parated from the others and classed together as 
the alkaline earths. The best known alkaline 
earth is lime; this substance was long con- 
sidered identical with baryta and strontia, but 
in 1771 Scheelo proved that baryta was different 
from lime, and in 1792 Hope distinguished 
strontia from the two other alkaline earths. 
After decomposing the alkalis potash and soda,* 
Davy applied the agency of electricity to the 
three substances just named, and in 1808 he 
succeeded in separating each into oxygen and a 
metal. Davy made his experiments quantita- 
tive; he also syntliosised the three alkaline 
e.'irths from oxygen am!* the metals he had 
himself discovered ; thus ho proved the alkaline 
earths to be metallic oxides. The metals cal- 
cium, buriifin, and strontium were not obtained 
in a state of approximate purity until 1866. 
The metal magnesium is sometimes classed 
with calcium, barium, and strontium; but, on 
the whole, it seems better to place luagnesium 
with zinc and cadmium (v. p. 114, also Maonx* 
siUM Group of Metals). ^ 

Bom%of the principal data regarding thf' 
metals of the alkaline earths are presented in 
the following tables. 




OxLcrcnc 

SiBQjrTtuu 1 

BAanw 

Atomic.weights . . 1 

89^ 

. 87'8' ^ 

136*86 


No oompounds gasified. Gombimiig ^eights determined; and most probable formuln of 
oxides and chlorides deduced from con*dering analogies with other oxides, dso. Molecular 
weights unknown. 


Melting points 
(data uncertain) 
Specific gravities 
(approximate) 
Specific heats 
Atomic weight 
Spec, grav. 


high red-heat 

moderate red-heat ^ 

above strontium 

above barium 

1*58 

2*5 

0*17 

not determined 

25*3 

34*9 


• below red-heat 
8*75 

not determined 


[M,Cll*Aq] . 
[M,Br/,Aq] • 
[M,P,Aq] • 

[M,0,Ag] . 

(M.OSH*,Aq] 


. Heats of formation in agueous solutions (Thomson). 
(1) Of haloid salts : 


187,600 
165,800 • 
135,000 


195,700 

173,800 

143,400 


(2) Of oxides : 

149,260 I 157,780 

(3) Of hydroxides ; 
217,620 I 226,140 

Seats of hydration (Thomsen), 


86*6 

196,800 

174,900 

144,500 

158,760 

227,120 


Ekoi>,6iPO] . ; . 

21,750 

18,640 

[BaCll«,2H»OJ 

7,000 


25,600 

23,330 

tBaBr*,2H*0] 

9,110 

- 

(2) Of oxides ; 


•KO.H,OJ . ; . 1 

1 15,540 

1 17,700 

1 22,260 


‘MOAq,H»SO<Aq] . 
MOAq,H201*Aq] l 
M0Aq,H=*N*0*Aq] t 


Seats of neutralisation of oxides in solution (Thomsen) : 


81,150 

27,640 


81,150 

27,640 


81,150 

27,640 

-A- 



Calcium 

Sthoxtium 

Barium 

\falleability, co- 
lour, 

Very dnetile, but when 
hammered becomes brit- 
tle; whitish - yellow; 
hardness about same as 
lead. 

l)uctilo and malle- 
able ; colour re- 
sembles calcium 
but clearer; harder 
than lead. 

Somewhat ductile ; 
gold-yellow colour. 

Waoe-Ungihs of 
jmostcharacteris- 
HeUnes in spectra. 

Ca ,9 (yellow) 5588. 

H (violet) 3969. 

K ( do. ) 3933*8. 

Srt (blue) 4604 

Ba^ (yellow) 5588. 

Chemical proper- 
ties. 

Quickly oxidises in moist 
air ; decomposes cold 
water rapidly; heated 
to redness in air, burns 
• without smoke ; readily 
combines with Cl, Br, I, 
P, and 8, at high tem- 
peratures. • 

Closely resembles 
calcium ; decom- 
poses water more 
rapidly, 

« 

Besembles calcium ; 
bums when heated la. 
0-H flame. 

Oceunenee and 
preparation. 

1 

Very widely diffused in 
rocks, waters, plantB,and 
animals, as carbonate, 
oulphaiet pho8phate,and 
silicate : prepared by 
electrolysis oft mixture 

1 OaClj, SrOla, and NH4CI. 

' # 

Not very widely dif- 
fused ; occurs as 
carbonate and sul- 
phate in rocks, and 
waters ; prepared 
by electrolysis of 
fused SrOV 

• occurs as catenate) 
sulphate, and sUi- 
cate, in rocks, waters, 
and certain plants: 

. prepared by elactro- 
''S of BaCL mixed 


Tot, L 






fiSiloxiX Qt: manT I molton ; and a year Jater h* j* * 

O 0 Mral Fomtila and Character of Salti. | aiwreabeHi urn ai^iew^gncTortha metale 
MO. MO„ MOA. m, MS,H,. MX,(X«C1, ino^e. ^e data are from Th^^aen: 
fir, I, P, ON), MSO^. M‘2NO„ MCO3, Ac., where . Magnesium is scarcely oxidised in ordinary 

M« Oa, Sr, or Ba. MO./ decomposed by heat. “ocs not decompose cold water; nor does 

Balts for the most part white ; no great tendency oqpbine so r^dily with the halogens as the 

to form double salts ; polysulphidcs known, niotals of the alkaline earths do. The spectrum 

BrS.GHaO and 13aS,^,0, definite crystals, of magnesium, as produced in the electric arc, is 
Oxides and hydroxides markedly basic; latter, marked by a series of triplets alternately sharply 
except that of Ba, decomposed by heat alone marked and diffuse, and diminishing in bright- 
into oxides and water ; almost all similar salts j towards the more refrangible side ; the 
isomorphous ; many salts isomorphous with cor- spectra of barium and strontium show no trip- 
responding compounds of Mg, e.g. carbonates ; of lines only ; the spectrum of 

moat, with corresponding compounds of lead ; fa‘cium is marked both by lines, perhaps homo- 
MO and MOyH., not very soluble in water, solu- logous with those of barium and strontium, and 
bility increases as atomic weight of metal in- ^^so by well-marked triplets (Livcing and Dewar), 
creases; MCh, and MBr, easily soluble, solubi- Magnesium sulphate is very soluble in water; 
lity decreases as atomic weight of metal increases; this salt, and also the carbonate and chloride, 
CaSO* very slightly soluble {S. -272 at 38'^) J^o^^oily combines with salts of the alkali metali 
SrSO, nearly insoluble (S. *01 at 100°), BaSO, in- ^^ouble compounds. Magnesium oxide 

soluble. CaCO., slightly soluble (S. 1*13 at 100°), scarcely if at all soluble in water ; the forma- 
firCOs and BaCOs nearly insoluble. Nitrates all t^on of the hydroxide by the action of water 
soluble, solubility decreases as atomic weight of oxide is attended with the production of 

metal increases ; Ca2N03 S. 93*1 at 0°. Sr2N03 ' ^^ry httle heat : [MgO, H'O] = (approx.) 3,000 


S, 64*9 at 10°. Ba2N03 S. 7 at 10°. 

These data show that the metals of the alka- 
line earths differ from the alkali metals (cora- 


[ (Thomsen). 

! The mutual relations of the two groups of 
elements — the alkaline earth metals and the 


pare data for latter on p. 115); the former are i i»agncsium metals-are suggested by the posi- 
not so readily oxidised as the latter ; the heats ' they occupy in the classification based on 
of formation of the oxides of the alkaline earth periodic law (g. v. ; v. also Classification). 
metals aresmaller than those of the alkalimctals; ' to Group II.; but Ca, Sr, and Ba 

the hydroxides of the alkali metals cannot, but occur, along with Be, in even series, and Mg, Zn, 
the hydroxides of the alkaline earth metals ex- , andCd,aIong with Hg,m odd series, of that group, 
cept that of Ba can, be separated into oxides and ; exhibits analogies both with 

water by the action of heat alone. The alkali I alkaline earth, and with tho magnesium, 
metals are specifically lighter than those of tho I ^aetals; it is one of those elements called ‘fyjn- 
alkaline earths ; the composition of the oxides i oar by Mcndeteeff (u.BF.uvTiLiuM). For accounts 


and chlorides of the former is represented by 
formulte containing two atoms of metal to one 


of tho metals of tho alkaline earths and their, 
binary comiiounds t;.the articles Bai*cm, Calcium, 
and Stuontium ; and for the other salts of the 


of oxygen or two of chlorine, while that of the ' Stuontium ; and lor the other salts of the 
corresponding salts of the latter is reprerented j “^®^als v. Carhonatks, Nituate.s, Sulphates, Ac. 

* - ^ . . — I alkalis, metals of the. (Lithium, 


^ of oxygen or two of chlorine. The salts of the 1 


alkali metals, as a class, are much more soluble I Sodium, Potassium, ItunmiUM, C.i'.siuM.)-^The 
in water than those of the alkaline earth metals ; of the name alkali has been briefly 

the hydroxide, carbouate, and phosphate of 1 heading. The 

lithium are, however, considerably le<^3 soluble j alkalis potash and soda wore decomposed by 
than the corresponding salts of the other alkali j ; Iitliia (discovered by Arfvedson 

metals (v. Alkalis, MKrAi.s ok tjie, p. 11.5). Al- ,■ decomposed by tho same chemist 

though maguesium forms tho oxide MgO, tho ’ and rubidia were discovered 

chloride MgC!,, and the sulphate MgSO„ salts and Kirchoff in 18fi0-fil, rubidium 

analogous in compo.-?itioTi to the ox ides, chlorides, • being obtained in the same year by Bunsen, by 
and sulphates of the metals of the alkaline earths, i electrolysing tho chloride; approximately pure 
nevertheless this metal is clearly cut off from I cjesium was not prepared until 1882, in which 

......... .r . .1 1... ..1 


these by the following, among other, character- 
ietics. The heats of formation, in aqueous solu- 


ycar Setterberg obtained the metal by electro* 
Iy.sing the double cyanide of ciesium and barium. 


tions, (1) of tho haloid salts of Ca, «r, and Ba, (2) l more important properties of these metals 
of Mg, Zn, and fid, indicate the existence of two ! their principal salts are presented in tho 

groups, in the first of which (Ca, Sr, Ba) the ' tables on the next page and page llfi. 
value of tho reaction increases, and in the second Thermal values of rraefion leifAwafcr.— When 

of which (Mg, Zn, Cd) the value of the reaction with water an alkaUne by 

• <iroxide is lonned and dissolved, and hydrogen 

» « «™lved ; thus !- 

12 M, + itH.0 - 2MOHAq + {x- 2)H,0 + H,. 

H?’ ’ * 10^7 ^ i 7 q’q^ This reaction would be eiproBsed in the notation 

; : ;;S S US 

»,* . . m.m m.m „ CHWl--TOOj,CM',W«. 

Zn. • . 112,890 90,900 60,500 2[H*,0] la 136,720 gram-uniii 

Od. . . 96,300 74,400 44,000 when HjO represents 18 grams liquid voter | 

LI when theNaluo of CM*,0*,a»,Aq3 consl4tnybl/ 




lirtHiuic ' 

.. . 

. 6omvu 

POTASSlUtf 

BTTBnync 

Ojbsium 

' Atmio weights 

7*01 

28 

89*04 

SB-2 

132*7 


^ No compounds gasified. Combining heights determined ; and most probable formula of 
Olides and chlorides deduced by chemical methods from considering smallest masses of these 
salts which take part in chemical changes. Molecular weights unknown. # 


Melting points 

180° 

95°*6° 

68°-62° 

88° 

26°-27® 

Specific gravities . 

0*69 

0*98 

0-87 

1*62 

1*88 

Specific Jieats 

Atomic weight 

0*94 

0*29 

0*17 

not determined 

not determined 

Spec, grav, * • 

11*9 

23*5 

44*9 

66*1 

70*6 


CM*,Cl»,Aq] 

[M>,BrSAq] 


[M^O.Aq] 

[M^O^H^Aq] 


Heats of formation in aqueous solutions (Thomsen). 
(1) of haloid salts : 


t • 

204,600 

193,000 

202,300 — 

• • 

182,600 

171,200 

180,500 — 

• • 

162,200 

140,600 

150,000 — 


(2) Of oxides and hydroxides ; 

■ • 1 

166,500 

166,300 

164,600 — 

. -1 

234,900 

223,600 

232,900 — 


Heats of neutralisation of oxides in solution (Thomsen) : 


[M20Aq,H*SO<Aq] . 

31,150 

31,160 

1 31,150 


— 

[M’OAq,H"Cl‘Aq] 1 , 
[M'mq,H^N^O«Aq] \ 

27,640 

27,040 

27,640 

— 

— 


exceeds 136,720, we should expect the metal M 
to -decompose liquid water. Thomsen has deter- 
mined these values : — 

M [M^O^H^Aq]. 

M*Li2 234,900 

Na^ 223,000 

• K2 232,900 

General formulce anU characters of salts . — 
M^O, (MA. MOH, M.,S, (M^t M..S,), 

MSH, MX(X = Cl,Br, I,F, CN)', 

MNO3, MXOj, MHCOs, &G., where M*- Li, Ka, K, 
Rb, or Cs. No oxides or sujj)hide3 of Itb and 
Cs have been prepared in a state of purity. 
LijO is the only oxide, and Li.B the only sul- 
phide, of Li known with certainty. NaA 

are very stable towards heat, but quickly 
decompose in moist air, giving off oxygen and 
forming NaOH and KOH. Salts for the most 
part white, and very soluble in water; but 
LiOH is much less soluble than the other hy- 
droxides, and LijCOj and LiaPO, than the other 
carbonates and phosphates — (LiXO,, S. *769 
at 13°, S. *778 at 100° ; Li^PO,, S. -bl at 18° [ap- 
rox.].) Chlorides, except LiCl, form many 
ouble salts with chlorides of heavy metals, e.g. 
MjPtCle, SbClaeMCl, d'C. Sulphates, except 
LioSO^, form alumsf also double salts with 
pulphatcs of magnesium group. Most salts are 
isomorphous, but some of the lithium salts 
are not strictly isomorphous with cSrresponding 
salts of the other metals ; some compounds of 
silver and thallium are isomorphous with those 
of the alkali metals. All the metals of this 
group are electropositive towards any other 
elements ; their oxides and hydroxides are 
strongly basic. The latter cannot be decom- 
posed by heat alone into oxides and water. 
Lithium differs from the other members of the 
group in the comparative insolubility in water 
of it« hydroxide, carbonate, and ^osphate, in 


the non-formation of an alum, and in some 
other respects (compare heats of formation of 
analogous salts) ; this element serves to coimect 
the group of the alkali metals with that of the 
metals of the alkaline earths in somewhat the 
same way as the latter group is connected with 
zinc and cadmium by the element magnesium 
{v. Alkaline eauthb, Metals of the). The 
metals copper and silver are to some extent 
connected with the alkali metals. Copper forma 
two series of salts represented by CuaO and 
CuO respectively; the former, so far as com< 
position goes, are analogous to the alkali salta 
They arc, however, much more insoluble in 
water than these, and, with the exception oi 
the iodide and cyanide and some double salts, 
are much less stable than the salts formed from 
the oxide CuO. The salts of silver, as a class, 
are much less soluble in water than those of the 
alkali metals ; their composition is similar-— 
AgjO, AgNOj, Ag.B04, Ac. ; some of them are 
isomorphous with corresponding sodium salts, 
€.g. Ag-^SO^. Silver forms an alum, and its 
oxide is markedly basic. 

The alkali metals are placed in Group I., 
according to the classification of elements based 
on the periodic law, and thi? group also con- 
tains the metals Cu, Ag, and Au. Li, K, Cs, 
and Rb belong to even series, and Na, Cu, Ag, 
and Au, to odd series, of Group I. Ther^can be 
no doubt, however, that sodium is closdy oon- 
nccted wdth the other alkali metals, and that 
the three heavy metaM (Cu, Ag, Auipresenl 
only feebly marked analogies to each other, and 
to the metals of the alkalis. In considering the 
classification of elements which the periodic 
law presents, attention must be paid, net nnlj 
to the group in which any given family ol 
elements occurs, but also to the character Ckl 
the element! which precede and thoee whicl 
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follow the given family in the same series; the forms salts—TlaOO,, TI 3 SO 4 , TlXO,) 
fiosition of the family m the complete scheme which, as a class, are easily solwhle in water, 
most also be considered^v. Pebxodio Law). and many of v^hioh are isomorphoos with the 
In some respects thalliitm exhibits a marked corresponding alkali salts. Some of the th^lons 
chemical resemblance to the alkali metals ; it salts^. however, resemble those of lithium in 
forms an oxide T 40 and a hydroxide TlOH, being comparatively insoluble, e.g. TlOl and 
both of which dissolve in water, producing a TI3PO4. Thallium also forms an alum, and a 
strongly alkaline and^basic? liquid, marked by double platinum chloride TlgPtOlc. On the 
most of the properties which characterise other hand, the metal itself differs much from 
aqueous solutions of soda and potash ; it also the alkali metals ; it is heavy, is not very easily 


Lithium 

SoPiuM Potassium 

Budidiuu 

O.ESIUM 

MalUdbilityt Silver -white; easily 

Silver-white; White; brit- 

Silver-white; 

Silver-white; 

colour, dc. drawn into wire. 

soft as wax tie at 0 ^, 

soft as wax 

soft at or- 

but less tenacious 

at ordinary malleable 

at - 10 °. 

dinary tem- 

than lead ; very 

tempera- at 5° or so. 


perature. 

soft, may be 

ture ; very pasty at 



welded at or- 

ductile at 16°: can bo 



dinary tempera- 

0 ° ; can be distilled at 



ture ; not vola- 

distilled at 700°-800°. 



tile at red heat. 

red heat. 



Wave-lengths of most Li. (red) 6705 

D, (orange) (yellow) 6800 

Rb, (red) 

Cs^ (blue) 

characteristic (blue) 4602 

6895 

7800 

4697 

lines in sj>ectra. 

Dj (orange) K/j (violet) 

Rb, (orange) 

Cs, (blue) 


6889 4044 

6297 

4660 

Chemical proper- Oxidises in ordi- 

Oxidises ra- Oxidises very 

Oxidises in 

Exceedingly 

ties. nary air but not 

pidlyinair; rapidly in 

air BO ra- 

easily oxi- 

so rapidly or 

decomposes air ; decom- 

pidly that 

dised. Pro- 

completely as 

water ra- poses water 

usually 

perties not 

other metals of 

pidly ; com- rapidly; 

takes ffre ; 

yet exactly 

the group ; de- 

bines very combines 

decomposes 

studied. 

composes cold 

energetic- with halo- 

water most 

Most elec- 

water rapidly but 

ally with ha- gens and 

rapidly; 

tropositive 

without itself 

logons and sulphur. 

burns bril- 

of all ele- 

melting ; ignites 

sulphur, de- 

liaptly in 

ments. 

at temperature 

composes 

vapours of 


much above its 

many ha- 

halogens, 


melting - point; 

loid salts at 

sulphur, 


readily combines 

high tem- 

and arsenic. 


with halogens 

peratures. r 



and sulphur. 




Oecwrenee and Widely diffused in 

In large quan- Inlarge quan- 

Very widely 

As silicate in 

pr^araiian, rocks, waters, 

tities as titles as ni- 

diffused, but 

a rare min- 

plants, and some 

chloride, si- trate, sili- 

in very 

eral. In mi- 

animal secre- 

licate, fluo- Cnte, sul- 

small quan- 

nute quan- 

tions; occurs as 

ride, nitrate, phate &c. ; 

tities ; in 

tities in 

silicate and phos- 

&c., pre- prepared as 

most K and 

many rocks 

phate with other 

pared by de- Na. 

Na minerals ; 

and waters; 

alkali metals ; 

oxidising 

in waters ; 

prepared by 

prepared by elec- 

NajCOj by 

no special 

electrolysis 

trolysis of mix- 

hot carbon. 

Rb mineral 

of double cy- 

ture of LiCl and 


known ; pre- 

anide of Cs 

NH 4 CI. 


pared as 

and Ba using 



Na and E 

A1 poles. 


oxidised, does not decompose water except at An aqueous solution of ammonia is strongly 
^a red heat, and is much more electronegative alkaline; when neutralised by acids salts are 
:;:than the alkali metals. Thallium forms an obtained which, as a class, closely resemble those 
; :jOxide, TljOj, from which a series of salts - of the alkali metals, with which they are, for the 
TL8SO4, TlOlg, (&c. — is ‘obtained ; these salts most part, isomorphous. These salts are con* 
exhibit analogies with those of the earth metals, sidered to be compounds of the radicle am- 
The heats of formation of thallous oxide, hy- monium (NH,) with acid radicles ; the general 
droxide, and chloride, are much smaller than formules given for salts of the alksji metals 
those fk the alkali salts ; Thomsen gives these apply to Ibe ammonium salts if M be taken to 
numbers: [TP,0,Aq]= 39,200; [TP,O^H*,Aq] * represent NH 4 . This radicle ammonium re* 
107,500; [TP,GP,Aq]«: 76,900 (u.Eabths, Metals places the elements Li, Na,.E, Bb, or Os, in 
^ or su, and Thallium). most compounds without altering the crystalline 
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form, and withoat changing the chemical 
of these compounds. The salts of ammonium 
are, therefore, '"Classed with those of the alkali 
metals. (For more details regarding the consti- 
tution of those salts, and for an account of their 
properties, see Ammonium Compounds.) Fo# ac- 
counts of the individual alkali metals and their 
binary compounds, see the articles C^.sium, 
Lithium, Potassium, Eubidium, and Sodium ; and 
for the other salts of these metals see Cab- 
BONATES, Nitrates, Sulphates, &c. 

M. M. P. M. 

ALKALIS, Action on Organic Compounds. 
The tendency of alkalis is to form salts. Thus 
they react with acids and other hydroxylio com- 
pounds by displacing the hydrogen by potas- 
sium or sodium (p. 53). Neutral substances are 
frequently saponified by alkalis, t.c. turned 
into salts. Saponification means soap-making ; 
in the narrowest sense it means boiling a fat 
with potash or soda : C 3 Hi( 0 C, 8 H 350)3 + 3KOH 
C,Hj(OH) 3 -i- 3 KOC,HHaiO. In a broader sense 
it means the splitting up of any compound 
ether into its alcohol and its acid, whether by 
means of an alkali, an acid, or by water alone. 
In the broadest sense it means the conversion 
of a neutral substance int o an acid or the salt 
of an acid. Alkalis saponify compound ethers, 
nitriles, amides, and amic acids. In the case 
of nitriles the reaction takes place as follows : 
E.CN KOH -i- H,0 = E.COoK -i- NH 3 . Alkalis 
act upon chlorinated or brominated substances 
with production of haloid salts: the reaction 
is either one of substitution ; CHsCl + KOH = 
CH 3 . 0 n + KCl : or else II Cl or HBr is abstracted; 
CH^Br.CH J3r + KOH = CH/.CHBr + KBr + H,0. 
The latter equation represents tho action of 
alcoholic K^H on chlorinated or brominated 
hydrocarbons. Hydrogen and halogen are 
always taken from contiguous carbon atoms. 
Alcoholic potash sometimes displaces halogen 
atoms bycthoxyl: CH,Cl.CO,K -f- KOH + EtOH =» 
CHj(OEt).CO.i 4 KCl -h H 3 O. 7 -Chloro-acids are 
converted by neutralisation %rith potash into 
lactones (q. v.). When tho halogen is in place 
of hydrogen in tho benzene nutdeus, it cannot 
be turned out by aqueous potash unless a nitro- 
group is also present. Thus chloro-benzene is 
not affected by potash, while 0 - and p- chloro- 
nitro-benzenes are converted into nitro-phenols. 

When phenol is boiled with chloroform and 
NaOHAq, oxy-benzoic aldehyde results (Tiemann 
a. Reimer’s reaction): C^H^pNa + 3NaOII + CTICI, 
« C„H,(ONa)COH -»• 3NaCl + 211,0 (B. 9, 824). 

By the same method tho group CHO can be 
introduced into many derivatives of phenol 
(p. 109). 

If tetrachloride o?carbon be used instead of 
chloroform, carboxyl enters the phenol, forming 
8 carboxylic acid: CJI,,ONa + 5NaOH 4 - 0014 = 
C^H 4 (ONa).CO,Na + 4NaCl + BHjO, • Alcoholic 
potash sometimes acts as a reducing agent 
(p. 99, 1. 42). 

Potash-fusion (or soda fusion). 
i. Converts aromatic sulphonates into phenols : 

C„H3.S03K KOH » C^H^OII + K^SO,. 

9 . DiBpl|ceB halogens by hydroxyl : 

OaH4Cl.CO,K + KOH = CaH4(0H).C0!K -f KCL 
However, owing to the hi^h temperature re- 
qaired, a subsequent migratiou of ^he hydroxyl 
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sometimes takes place. Thus when any halogen 
benzene solphonate or halogen phenol is tased 
with potash at 235°--270^ resorcin is produced. 

8 . Converts carboxylatdl into hydrocarbons: 
CH,.CO,K + HOK - 064 -f COsKj. Soda-Ume, 
lime, or baryta may also be used for this purpose. 

4. Converts tho higher fatty aldehydes and 
aromatic aldehydes into alcohol and salt of the 
acid : 2Ph.CHO + K5H =l»h.CO,K + Ph.CH^OH. 
In other cases also, potash acts by oxidising 
one portion of the substance and reducing 
another. Thus glycerin distilled with potash 
gives (a) by reduction, propylene glycol, ( 6 ) by 
oxidation, potassic acetate and formate. Simi- 
larly anthraquinone sulphonate ^ves (a) by 
reduction, anthracene, (5) by oxidation, alizarin. 

6 . Splits up unsaturated acids at tho point of 
non-saturation into two salts : 

CH3.CH:CH.C0,H + 2 KOH - 2CHr CO^K + 

6 . Kesins usually give p-oxy-benzoate proto- 
catcehuate, and phloroglucin. 

ALKALOIDS.— The term alkaloid was first 
applied to any organic base. It is now usually 
restricted to organic bases that are of vegetable 
origin and produce marked toxicological effects. 
Thus such bodies as ethylamine, asparagine, and 
leucine, are not usually classed as alkaloids. All 
the alkaloids contain nitrogen, and all except 
coniine, nicotine, and sparteine contain oxygen. 
These three alkaloids are volatile, the others are 
fixed. The vegetable alkaloids are ammonia-, not 
ammonium-, bases, that is, they combine with 
HCl without elimination of H^O. The following 
alkaloids have been described : 

From Achillea Moschata: achilleine, mos- 
chatine. 

From Aconitum Napdlus^ ferox^ dc. : aco- 
nitine, picro-aconitine, pseudo-aconitine, japa- 
conitine, lycaconitine, myoctonine. 

From jEthusa Cynapium : cynapine. 

From Agariciis ; agarythrine. 

From Alstonia constricta : alstonine, por- 
phyrine, alstonidine, alstonicine. 

From Arariba rubra : aribine. 

From Artemisia abrotanum : arbrotine. 

From Aspidosperma : aspidospermine, aspi- 
dospermatine, aspidosamine, hypoquebrachine, 
quebrachine, quebrachamine, paytine, payta- 
mine. 

From Angustura bark : cusparine, gasipefnc. 

From Athcrosperma : atherospermine. 

From Atropa: atropine, hyoscyamine, by- 
oscine, belladonine. 

From Baccharis ; baccharine. 

From Baptisia tinctoria : unnamed. 

From Bebecru ; beberine. 

From Berheris ; berberine, oxyacanthine, 
hydrastine. ^ 

From Buxus : buxine, buxidine. 

From Calabaf beans: physostigmine or 
eserine. 

From Capsicum: capsicine. 

From Cannabis indica: an unnamed alkaloid 
(M.Hay, Ph. [3] 13, 998). 

From Chelidonium: chelerythrine, ohoU- 
donine. 

From Cinchona: quinine, cinchonine, con- 
quinine, quiiiicine, homoquinine, hydroquinidine, 
cinchonidine, aricine, cusconine, cusdbnidine, 
cincholine, cuscamine, ouscamidine, quinamine, 
cinchamidine, cinchoiine, hydiooinohonino, eon- 





Sia ftyrnfnf , hy^^ninW* dioio^honln*, ^o<m- 
qiUnine) JaTftiuine, parioixie, 

From Coca haves i cocaSine, Oogonine, hy- 
grine. ^ 

From Cocoa beans : tboobromine. 

From Coffee berries : colfeine. 

From ColcMcum : colchioine. 

From Conessi bark : conessine. 

From Conium : oof^line/ 

From Corydalis : corydaline. 

From Crossoptera : crossoplerine. 

From Curare : curarine. 

From Cytisus : cytisine. 

From Delphinium', delphinine, delphinoid- 
ine, delphisine, staphisagrine. 

^ From Dita hark : ditamine or ditaine, echita- 
mine, echiteninc. 

From Duhoisia : duboisine or hydrocyamine. 

From Ergot : ergotine. 

From Erythrophleum : erythrophleine. 

From Esenbeckia : esenbeckine. 

From Fraxinus americana: an unnamed 
alkaloid (F. B. Power, Ph. p] 12,812). 

From Fumaria ; fumarine. 

From Gelsenium : gelscnine. 

From Geselmium : geselmine. 

From Glauciim : glaucine, glaucopicrine. 

From Harmala : harmalinc, harmine. 

From Humulus lupulus {Hops) : lupuline 
(hopcine), neurine. 

From Hymcnodictyon: an unnamed alkaloid. 

From Ipecacuanha : emetine. 

From Isopyrum : isopyrine, pseudo-isopyrine. 

From Lobelia ; lobeline. 

From Lotur hark: loturine, colloturine, 
toturidine. 

From Loxopicrygium : loxopterygine. 

From Lupinus : lupinine, lupinidine. 

From Lycopodium : lycopodine. 

From Macleya : mackleyine, sanguinarine. 

From Mcnispeivium : mcnispermine. 

From Mustard : sinapine. 

From Nicotiana tahacum : nicotine. 

From Nyjn})haa alba : an unnamed alkaloid 
(Grfining, D. 10, 909). 

From Oleander : oJeandrine. 

From Opium : morphine, codeine, thebaine, 
papaverine, narcotine, narceine, hydrocolarnine, 
pseudomoiphinc, codamine, lauJauiinc, laudano- 
aine, meconidine, lanthopine, protopine, crypto- 
pine, crytopine, oxynarcotinc. 

From Papaver rhwas : rhoi'adinc. 

From PajHiver somniferuvi : v. Opium. 

From Pennius : boldine. 

From Piper nigrum {Pepper) : piperine. 

From Pereira hark : geissospermine.percirine. 

, From Pi/ocarptw leaves: inlocarpine, jabo- 
j^e, pilocarpidin^. 

A From Pomegranate hark : pelletierine. 

' From Poppy : rha'adine. f Opium Poppy v. 
Opium. 

Fto^fi liatany root : ratanhino. 

From liicinus (castor-oil plant) : ricinine. 

PTOTi\^Salamanflra : samandrine. 

From Saphora : saphoriiie. 

From Sinapis : sinapine. 

From Spartium : sparteine. 

From Strophantus : strophantine. 

FroKi Strychnos : strychnine, brucine. 

Vrom Thalictrum: thalictrine. 

From Taxus : taxine. 


From Tabopeo : nicotine. 

From TrigomeUa : trigomellin0$ nenrise. 

From Veratrum: veratrine, veratridine, oeva. 
dine, cevadilline, jervine, rubijervine, pieudo^ 
jerviine, veratralbine. 

From Vetch : vioine. 

Formation of alkaloids in plants^ Most ol 
the above alkaloids are pyridine derivatives. 
They are probably produced by the action of 
ammonia or amido compounds upon non-nitro. 
genous bodies. Pcchmann a. Welsh {B. 17, 2384) 
consider that the non-nitrogenous bodies are such 
acids as meconic, chelidonic, and cumalic, which 
are probably furfurane derivatives. These three 
acids are converted by ammonia into oxypyridine 
carboxylic acids. Cumalic acid is formed arti- 
ficially from malic acid by action of cono. HaS 04 ; 
and it is probable that the two other acids are 
also formed by condensation of simpler acids. 

V. Meyer has suggested that hydroxylamine 
by acting upon aldehydes may also play some 
part in the production of the nitrogenous con- 
stituents of plants. 

Extraction: The tissue is extracted with 
dilute acid and the extract ppd. by ammonia, 
potash, soda, lime, or magnesia. Volatile alka- 
loids are then distilled, fixed alkaloids are 
crystallised from a suitable solvent. The ex- 
traction of alkaloids from animal matter, as in 
cases of poisoning, is described in the next 
article. 

Beactions.— 1. Sodic plmplumiolybdaic added 
to solutions acitlified with nitric acid gives, in 
the cold, a yellowish-white flocculent pp. Ani- 
line, the alkylaminos, and (juinoline, as well as 
silver, mercurous, and lead, salts arc also ppd. 
by this reagent (Sonnenschein, A. 101, 45). To 
recover the alkaloid, the pp. is ^boiled with 
baryta, when volatile alkaloids distil over. The 
residue is saturated with CO., evaporated to dry- 
ness and extracted with alcohol. Sonneiischcin’s 
reagent is prepared by dissolving yellow am- 
nionic nit ro-molyb date in Na^CO.iAq, drying and 
strongly heating ; if reduction of molybdic acid 
take place, the product is moistened with UNO, 
and again heated. It is then heated with water, 
nitric acid is added, and the liquid diluted until 
10 parts of the solution contain 1 part of solid 
residue. 

2. Phosphotungsiic acid may be used instead 
of pliospho-molyhdic acid (Scheihler, Fr. 12, 316; 
J. 1800, 157). The reagejit, which is a mixture 
of sodic tungstate and phosplioric acid, is added 
to solutions acidified with 1I..80,. Phospho* 
aniiinonic acid got by dropping antimonio 
chloride into aqueous phosphoric acid, precipi- 
tates morphine, narcotine„^nd nicotine, but not 
atropine (F. Schulze, A. 109, 177). 

3. Potassiu‘7nrn:uric iodide jjroduces floccu- 
Icnt yellowish-white jips., insoluble in acids end 
in dilute alkalis, sligldly soluble in excess ol 
the reagent, easily soluble in alcohol, and gene- 
rally also in ether (F. Mayer, J. 1803, 708; A» 
133, 230 ; Be Vrij, J. 1807, C02). Theobromine, 
caffeine, glucosides, carbohydrates, and organio 
acids give no pp. with Mayer’s solution. Albu- 
minous and gelatinous substances, in presence 
of free acM (but not in alkaline solutions) give 
sticky pps. (Valser, FV. 2, 79). To separate till 
alkaloid froij^ the pp., the latter is triturate 
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iritb SnOlg and eicMa of aqtteoaa JCOH; solutions of aiUbtioids forms oompounda eoatainC 
reduces the mercury to the metallio state, and ing sulphur (Palm, J. 1868^489; E.'^chmidt, B. 
the base is then'extracted by its proper solvent. 8,1267)^ . 

Mayer’s solution contains 18*5 g. mercuric 10. The absorption-afectra of various alka- 
ehloride and 49*8 g. potassic iodide per litre. loids have been mapped by A. Meyer (P. [8] 18, 

4. Potassio-hismutJums iodide is prepared 413). 

by dissolving Bi(0H)aN03 (80 g.) in IINO^ 17. A solution of iodine monochloride in HOI 
(200 c.o. of S.G. 1*18) and adding a cone, solii- added to a solution of an alkaloid in HGl gives a 
tion of KI (272 g.). The solution is cooled until pp., usually yellow L^ld spiringly soluble (Tilden, 
KNO, crystallises, and the mother liquor is then C. J. 21, 145; rittmar, B. 18, 1C12; Ostcr- 
dilutedto alitre(Dragendorl!, Py.5, 400 ; Kraut, mayor, B. 18,2298). According to Dittmar, if 
A. 210, 310). The solution is added to the the alkaloid eontain one pyridine ring, the pp. 
alkaloid dissolved in dilute H.SO4 of HI. is of the form XICl ; if it contain two pyridine 
Double iodides of the alkaloid and of bismuth are ! groups it is of the form Y1_.C'1.» However, NEt^Cl, 
ppd. The alkaloid can bo recovered by decom- j NEt.,HCl, caffeine hydrochloride, and pyrrol, all 
posing these double iodides with aqueous NaOH, ' givo pps. though they contain no pyridine ring, 
and extracting with a proper solvent. while B-oxy-quinolines, and tetra-hydroquinoline 

5. Potcbssio-cadinic iodide forms white give no such pps. The pps. may also be got by 

flocculent pps. when added to solutions of using a mixture of KI, KNO., and HCl, instead 
alkaloids acidulated with H.SO^. The pps. soon of ICl. The chloro-iodidos are converted by 
become crystalline ; they are soluble in alcohol, excess ofchlorine into unstable compounds XICl*. 
insoluble in ether. They dissolve in excess of Ammonia converts the chloro-iodides into iodo- 
the reagent. The alkaloid can be recovered by amides, XINIL; those are dark-green or dark* 
treatment with NaOHAq and a solvent (Marm/!, red unstable bodies, insoluble in water, but 
BL [2] 9, 203). converted back into tlio chloro-iodides by HCl, 

6. Fotassio-platinic iodide and potass io-ain-ic and decomposed by boiling with alcohol accord- 
iodide also jjp, alkaloids (Sclrni, G. 6, 255). ! ing to the equation : 

These solutions are prepared by adding KI to I 6XI>iII.,-3X + 3XL + 4NH3-fN2. 

solutions of PtCl, or AuCl, until the pp. first | These iodo-amidcs are also produced by the 
formed is redissolvcd. The platinum salt gives, ' combination of the alkaloids with iodide of 
in acetic acid solution, a black i)p. with nicotine, j nitrogen. 

but none with concssine; it also gives a wine- 'Tests for alkaloids. — The above reactions are 

red pp. with solanidinc but none with solauine. ! general. The following tests may be used in dis- 
Tho gold salt gives, on evaporation, arborescent | tinguishing the alkaloids from one another: — 
crystallisation with nicotine, but only oily drops | 1. The alkaloid is sublimed. Sublimation begins 
with coniine. ! below 100° in the case of caffeine, theobromine, 

7. A solution of iodine (1 pt.) in KI (1 pt.) and cantharidine ; between 150°-200° in the 
dissolved iij water (100 pts.) gives brown, often i case of strychnine, morphine, and pilocarpine 
crystalline, pps. of the periodides. Thc.se i)olarise (Wynter Blyth, C. J. 33,318). The following 
light like tourmaline. The alkaloids can be : give no sublimate, but molt : (a) below 100® 
recovered by treating the pp. with SO-Aq. | hyoscyaniine, atropine ; (6) between 100°-160® 

8. Animal charcoal removes most of the ' papaverine *, (c) above 200° solanine. The 

alkaloids from aqueous solutiou. The alkaloid , sublimate is then examined microscopically 
can then be extracted from* the charcoal by a ' (llelvig, Fr. 3, 48 ; Deane a. Brady, C.J. 18,34). 
suitable solvent (Graham a, Hofman, C. J. 5, | ^ 2. Cone. ILS04 produces colours with certain 
173). I alkaloids, c.g. a blood-red colour with thebaine 

9. Picric acid pps. many alkaloids, even in and a crimson with veratrine,— 3. Nitric acid 

presence of a largo excess of Morphine, usually produces a yellow solution, but morphine 

caffeine, and glucosidcs arc not so ppd. The and brucine give a red colour. — 1. Sulphuric acid 
reageiitpps. English but not German preparations ; containing a little inolybdic acid, so-called aul- 
of atropine (Hager, Fr. 9, 110). ! phomolybdio acid, gives a violet colour with 

10. Tannin gives a white or yellowish-whito . morphine, and characteristic colours with other 

pp. The salts of morphine, with the exception j alkaloids. — 5. Erdmann’s solution is prepared 
of the acetate in strong solution, are not ppd. by j by adding HNO3 (6 droi)3 of S.G. 1*25) to water 
tannin. The alkaloids can bo recovered by (100 c.c.) and adding ten drops of the dilated 
treating the pp. with lime. acid to 20 c.c. of cone. II^SO^. This solution 

11. Platinic chloride gives, in cone, solu- ! gives a blue colour when warmed with solutions 
tions, a yellowish-wMtc or yellow pp. Chloride of of codeine, and characteristit^colours with other 
gold does the same [cf. Coninck, Bl. [2] 45, 131). alkaloids. — 0, Chlorine water, followed by am- 

12. Sodic nitroprussidc usually forms oily monia, gives a gr^cn colour with quinine, a red 

drops of the nitroprusside, which erystallises on colour with narceine, and an orange colour with 
standing (Horsley, 0. N, 5, 355 ; E. W. Davy, narcotino.— 7. A mixture of an alkaloid (1 pij 
Ph. [3] 11, 756). i with sugar (7 pts.) often gives colours with oono. 

13. The electrolysis of solutions of salts of ; ILSO,. Morphino and codeine give^a purple, 

alkaloids has been studied by Bourgoin {BL [2J j aconitine a rose-red (it. Schneider, P. 147, 128), 
12, 438). ^ j —8. and a little ComO, give with stryoh- 

14. The alkaloids are ppd. by sodium salts of oine a fine blue colour; with brucine, orange; 

^yeoc1^lio,hyoglycocholiCtBLndtaurocholio acids, narcotine, bro^vn, cherry-red, finally wine-r^; 
The pps. appear to be acid salts of the alkaloids morphine, olive-brown, finally brown;* codeine, 
(W. P. de I’Abre, 0. C. 1872, 231). olive green, finally brown ; quinine, pale yellow; 

18, Mydric wUphide passed lintc alcoholic ! cinchonine and caffeine, no colour ; yeratrin*,' 
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iili'9pin«» folanine, emetine, brown ; colohioine, 
green becoming brown : papaverine, almost black 
(Sonnenscbein, B. 8, 6 I 2 ). 

Optical Properties. — When the solution of 
an alkaloid affects a ray of polarised light the 
speciho rotatory power of solutions of its normal 
s^ts is independent of the nature of tho acid if 
the alkaloid is mono-ficidi(f and tho salt is not 
decomposed by water, but if the alkaloid is di- 
acidic the basic salts usually rotate much less 
Uian tho normal salts (Oudemans, li. 1, 18). 

ALKALOIDS, CADAVEBIC v. Ptomaines. 

ALKALOIDS, POISONOUS, Detection and 
Kstimation of. — This article will be directed to 
the simple detection of the chief alkaloids; but 
incidentally their quantitative estimation will be 
touched upon. Tlie detection and complete recog- 
nition of an alkaloid by chemical tests is often a 
matter of great difticulty, even in the case of 
some well-known and potent alkaloids. Indeed, ! 
in some cases these difficulties are at present 
insurmountable by chemical means alone, and 
physiological experiments have to bo called in 
aid. The obstacles to the recognition of these 
bases, when several are present, is still greater. 
Indeed, it may be stated that the complete 
separation of a mixture of commonly occurring ‘ 
alkaloids is a problem still awaiting solution. I 
The toxicologist has too often to content himself | 
with the identification of one or two alkaloids in j 
organic mixtures, and the determination of their [ 
aggregate quantity, being unable to ascertain ' 
their individual amounts. 

£rwto? 7 /.— The earliest methods devised for 
the detection of alkaloidal poisons in forensic 
research were those found effective for the 
separation of the vegetable alkaloids from tho 
other matters with which they are found asso- 
ciated in nature; and modifications of these 
methods are even now employed for this pur- 
pose. The material to be operated on was 
extracted with diluted acids, aided by gentle 
heat, gummy and other substances removed by 
lead acetate, the excess of lead ppd. with 
hydrogen sulphide, and the alkaloid obtained 
as a salt— generally an acetate — in a greater or 
less degree of purity by evaporation of tho 
solution. This and other crude processes were 
mostly abandoned when Stas f-d. 84, 379) pub- 
lished his classical paper on tne separation of 
Alkaloids from organic mixtures, and devised a 
new and refined process, which was subsequently 
modified and improved by Otto {A. 100, 39), 
Dragendorff {Gerichtl. chem. Ennit. v. Qift.t 
1876), and others. In one form or another, this 
process, generally known as that of Otto-Stas, 

U still the one most generally employed in | 
lonsDsic analyses, though Sonnenscheia (k. 105, 
46), Selmi (C. J. 1877, 93), u,nd more recently 
X. Brieger (Die Ptomaine, Pt. I., 1885; Pt. IL, 
^1885 ; ePt. III., 1886) have each employed 
different but less refined methods for tho general 
separation of the organic bases from tho matters 
with which they are commonly associated. 

Methods of Procedure. — If an apparently 
fairly pure solid body has to be examined, e.g. 

A crystalline medicinal powder, its alkaloidal 
nature may be demonstrated by ascertaining 
in the ordinary way that it contains both organic 
oarbon and nitrogen; by its sparing solubility 
In aqneooa alkaline, and its ready solubility in 


aqueous acid, solutions,; and by adding to the 
acid solution reagents that reao*»wuth the al- 
kaloids as a class. The alkaloid will usually 
be ppd. from its acid or aqueous solution, if this 
be i^t too dilute, by caustic and by carbonated 
alkalis ; and will appear either in the form of oily 
droplets (liquid and volatile alkaloids), or as an 
amorphous pp., becoming crystalline on stand- 
ing. If the pp. redissolvcs in excess of the 
caustic alkali, as in tho case of morphine, it 
will again separate when the alkali becomes 
carbonated, as by exposure to the air. Since 
none of the alkaloids are altogether insoluble in 
water, no pp. may form in very dilute solutions, 
and yet an alkaloid bo present. There are, 
however, certain group reagents that pp. the 
alkaloids from their barely acid solutions, even 
when these are highly dilute; and these re- 
agents are generally employed where the presence 
of an alkaloid is suspected. Such general re- 
agents are the following ; but it must be borne 
in mind that as any one of them may fail to 
give a precipitato with a given organic base, 
two or more of thorn must be used, under appro- 
priate conditions, in order to prove or disprove 
the presence of an alkaloid in tho solution to be 
tested.— 1. A weak solution of iodine in potas- 
sium iodide. This reagent gives a more or less 
coloured pp. with extremely dilute solutions of 
most of the vegetable alkaloids.— 2 . Bromine 
water yields similar ppa., but has the dis- 
advantage of yielding pps. with the phenols 
also.— 3. Tamiin pps. most of the vegetable 
alkaloids from their not too dilute solutions. — 
4. Mercuric chloride in aqueous, and also in 
; alcoholic solution, is a valuable pptant., and is 
' especially useful in the separation of the organic 
: bases resulting from putrefaction ^do^neCines), 
for the separation of which the Otto-Stas method 
• to be presently described is inadequate (L. Brieger, 

' op. cit.),—5. Potassio-mercuric iodide solution 
; is perhaps tho most generally useful pptant. of 
j the alkaloids ; andgfrom the ppts. thus produced 
j the alkaloids may be recovered in a high state 
I of purity by trituration with stannous chloride 
! and solution of NaOH, and extraction of the al- 
1 kaloid thus liberated, with ether.— 6. Phospho- 
; violyhdic acid in nitric acid solution pps. the 
i alkaloids from acid solutions. Tho alkaloids 
may be recovered from these pps. by decomposing 
them with barium hydrate, and either distilling 
off tho alkaloid (volatile alkaloids), or after re- 
moving the baryta by means of a stream of car- 
bon dioxide, subsequently extracting the alkaloid 
with absoluto alcohol.— 7. Picric acid is also a 
useful pptant., and from the pps. thus produced 
the alkaloids may bo sepofated by acidification 
with HCl and agitation with other.— Many other 
general pptants. of the alkaloids have been pro- 
posed, hut t^ie above fulfil almost every useful 
purpose ; and on the ppn. of organic natural bases 
by alkalis, and their resolution and extraction 
by ether and other special solvents - or on their 
removal from organic solutions by one or other 
of the above pptants.— are based the most ap- 
proved general methods for the separation of the 
poisonous alkaloids in forensic analysis.^ 

Tho method most generally employed for the 
extraction of the vegetable alkaloids from ad- 
mixture withL animal matters is that originally 
devised by Sfu for the separation of niootina ln 
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ht'^turu of a forensio analysis, and now known 
irith modiileatMiis as tho Otto-Staa method.' The 
Krriter of this article has introduced furthot 
nodifications which are embodied in the follow- 
Dg description, and have been found by 
lecessary in those cases where unstable and. 
jasily hydrolysed alkaloids are to be sought 
tor, such as morphine, which is readily decom- 
posed by heating its acidiliod solutions, and 
aconitine, which is unstable in alkaline and 
especially in ammoniacal solutions. In all 
cases the method, which is a quantitative one, 
is greatly dependent for success upon the care 
with which the preliminary operations are con- 
ducted. 

The organic material to bo operated upon, if 
solid, is brought into as minute a state of 
division as its nature permits, and is then 
digested with twice its weight of rectified spirit 
of wine at a temperature of about 35°. Liquids 
are also treated with twice their volume of 
rectified spirit. Redistilled methylated spirit of 
wine may bo used for these operations. After 
several hours’ digestion the liquid is poured off 
from the deposited solids, and the digestion is 
repeated with a fresh quantity of spirit. This 
is again poured off, and mixed witli the previous 
alcoholic infusion. If solid matter, e.g. liver, is 
operated on, the liquid is squeezed from the solid 
portion at each digestion in a piece of fine 
cambric which acts as a crude filter ; and the 
liquids thus obtained are added to the other alco- 
holic liquids. After two or more digestions, ac- 
cording to the nature of the organic matter, the 
undissolved portions arc subjected to a now diges- 
tion, also at 35°, with spirit faintly acidified with 
acetic acid. Some recommend tartaric in pre- 
ference to ac^ic acid, but this is objectionable, 
when, as is usually the case, morplrine has to bo 
sought for : others use oxalic acid, but this ecid 
may have to be sought for as well as the alkaloids. 
Enough acid must be added to keep the liquid just 
perceptibly acid, excess being ^voided. After a 
prolonged digestion .vith tho acidifif>(l alcohol, 
this is poured off, the solids squeezed, and the 
digestion repeated, but this time with unacidified 
spirit. A final digestion may be required, the 
rule being to continue the exhaustion with spirit 
of wine so long as any colour is imparted to this. 
The alcoholic liquids obtained before acidification 
after mixing arc momentarily and rapidly raised 
to a temperature of 70°, cooled, and the insolu- 
ble residue filtered and washed with spirit ; and 
those obtained with and after tho uso of acetic 
acid are similarly treated. But the two liquids, 
the nnacidified and tho acidified are not mixed 
till a later stage is j^ached. In this way, by 
keeping tho liquids separate, danger of hydrolysa- 
tion of unstable alkaloids is as far as possible 
avoided. The alcoholic infusions lyre now eva- 
porated at a temperature never exceeding 35° to 
the consistency of a syrup. It is advisable during 
the course of the evaporations to neutralise a 
portion of tho free acid with caustic soda from 
time to time, so as to keep the liquids just per- 
ceptibly acid. The evaporations are easily effected 
with tollable rapidity by placing tho liquids 
in shallow basins supported on largd beakers 
some inches above the floor of an ordinary 
ovoti, which is heated by a gas flame playing on 
tho top. The door ii kept a littll ajar. Tlie 
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advantages of this arrangement of author'i 
are, that overheating is avoided, evaporation is 
more rapid than by anyjbther method, and ail 
creeping of the liquids |}p the sides of the basins 
is obviated. This course of procedure is greatly 
preferable to distilling off and recovering tho 
alcohol, as usually recommended. The syrupy 
liquid is now drenched v»th about 30 c.c. of 
absolute alcohol, with constant stirring or 
grinding in a mortar ; tlio alcohol is poured off 
from the pasty mass which usually separates, 
and replaced by successive quantities of 15 c.o. 
alcohol so long as a colour is imparted to this. 
The alcoholic liquids are mixed, filtered, the 
filter washed with alcohol, and the filtrate eva- 
porated in the oven, as before, at a temperature 
hot exceeding 35°. The syrupy residues— that 
from the plain and that from the acidified spirit 
of wine —are diluted with a small quantity of 
water, filtered, the filters washed with water, and 
the filtrates mixed. They should, together, 
measure 15-20 c.o. The liquid is introduced 
into an accurately stoppered tube, partially 
neutralised, if necessary, with caustic soda, taking 
care, however, to leave it slightly acid. If the 
method laid down has been scrupulously followed, 
we have now a liquid containing the whole of the 
alkaloids, and free from albuminoids. The 
aqueous and faintly acid liquid in the tube is now 
covered with twice its volume of washed ether, 
and the whole is mixed by gently and repeatedly 
inverting the tube, care being taken not to 
emulsify the mixture by any violent agitation. 
Tlio ether is allowed to separate, and this is 
favoured by giving an occasional sharp rotatory 
shake to the tube. Tlie supernatant ether is 
then pipetted off, and replaced by a new and 
smaller quantity of ether. The tube is again 
, shaken ; and the operation of extraction with 
ether is continued till a few drops on evaporation 
leave no residue. Four or five extractions will 
generally sulllce. The ethereal solutions as they 
are pipetted off are successively washed by 
vigorous shaking in a second stoppered tube with 
5 c.c. water to which a few drops of dilute 
sulphuric acid have been added. The ether on 
evaporation may yield an oily residue which may 
bo reserved for furtlier examination and for 
physiological tests. But the acid liquid sub- 
jected to ethereal extraction will still contain 
nearly all tire alkaloids, as the acid salts of these 
are mostly practically insoluble in ether ; but the 
salts of some of tho alkaloids being perceptibly 
soluble in ether may be met with in the * acid- 
ether ’ extract. The acid aqueous solution, and 
the acidulated water with which the ether has 
been washed, are mixed, alkaliscd with sodium 
carbonate, and again cxliausteiWour or five times 
as before with wasljpd ether ; only in this case 
the first exhaustion is made with a mixture of 
1 vol. chloroform and 3 vol. ether, and the final ex- 
tractions with ether alone. These suAeasive 
ethereal extracts are washed in a tube by shaking 
anew with 5 c.c. water. They are th^ trans- 
ferred to a third and finally to a fourth tube, the 
first containing 10 c.c. water acidulated with a 
few drops of sulphuric acid, and the last contam- 
ing 5 C.O. water alone, and agitated. Bg iheae 
operations the alkaloids are first liberated from 
their salts by the alkali, then transferred to the 
ether-ohloroform in which they are solnbto} then 



&(^ti iionyerted into whudi, Wag | W«i’--nb<mt9p.o.l>j^Voliiiiifi ni 

tiiiK>lobIe in other and chloroform, again pasa into are acidulated with the aamd proportion of acid* 
the acid 80 lution 8 ,im^ities being left behind in The digestion is continued for several hourit 
the ether. We have now again the alkaloids in and the mixture is then pressed, and Altered, 
acid solution, but in a Inuoh purer state than The operation of extraction with dilute sulphuric 
before. The acid liquid and the Anal wash* aci4[ is repeated two or three times, 100 o.c. of 
water are mired, washed with a little other once liquid being a convenient quantity for each ex* 
or twice, then re-alkal^sed \^ith sodium carbonate, traction. The mixed Altrates, containing the 
and well re-extracted with chloroform-ether and alkaloids, are partially neutralised with magnesia, 
ether. These ethereal solutions are washed with and carefully evaporated to a syrup at a temper- 
water barely alkalised with sodium carbonate, aturo much below 100° ; but never to dryness, 
then Altered through a dry Alter, and evaporated It is certain that in this operation some alkaloids 
to dryness in the oven below 35° in tared glass may be destroyed, and it is also asserted that 
basins about eight centim. in diameter. Once basic bodies are formed by the decomposition of 
diy, the residue may be transferred for a few the albuminoids. A useful modification (L. 
minutes to the water-oven, dried at 100°, and Brieger, op. cit.) is to partially neutralise we 
weighed after cooling over sulphuric acid. This liquid from time to time during the course of the 
weight fairly represents that of the alkaloids, evaporation, so that it is never more than very 
It is well before evaporating the bulk of the slightly acid in its reaction to litmus. The 
solution to evaporate a few o.c. only; if an syrupy residue from the evaporation is mixed 
oily odorous residue be left the presence of a with three or four times its volume of rectified 
volatile alkaloid is indicated ; the evaporation methylated spirit of wine, and a few drops of 
is then modified by mixing the ether-chloroform * sulphuric acid, and allowed to digest at about 
with so much ether previously acidulated by ! 30° for twenty-four hours. The insoluble matter 
agitation with a strong solution of hydrochloric is separated by filtration and washed with spirit, 
acid as is necessary to render it acid. In this | and the filtrate and washings arc distilled in a 
ease it is not the free alkaloids, but their non- ! retort so as to recover the alcohol. The aqueous 
volatile hydrochlorides which are left and ; residue in the retort is diluted with water to 50 c.c., 
weighed. The residue may therefore be dissolved | filtered, and introduced into a stoppered tube 
in water and subjected to appropriate tests— | and exhausted successively with petroleum ether, 
first for the alkaloids generally {vide ante), and | benzene, and chloroform, 20-30 c.c. of each at a 
secondly specifically for the volatile alkaloids. i time, in the manner in which cxhaiislions are 
But if the solid free alkaloid has been obtained i made with ether in Stas’s process. Tlie aqueous 
it must first bo converted into a hydrochloride solution is then made alkaline with ammonia, 
by moistening it with a very slight excess of very and again exhausted successively witli petro- 
dilute hydrochloric acid, and evaporating to dry- ^ Icum-spirit, benzene, chloroform, and amyl* 
ness in vacuo over sulphuric acid. The residue ; alcohol. On evaporation of the respective 
may then be dissolved in water and subjected to solvents (consult what has been said under 
tests, which may be obtained from the ethereal Stas’s process as to volatile alkaloids) alkaloidal 
extract either before or after conversion into residues arc obtained, which when taken up with 
hydrochloride and solution of this in water. i water, eitlier with or without previous conver- 
Morphine is practically insoluble in ether sion into hydrochlorides as necessity demands, 
except imraediatcljj after ppn. from its solutions, may bo submitted to appropriate tests for the 
hence if this alkaloid were present in the matters alkaloids, and spdfcially for the various suspected 
submitted to examination, hut little of it w’ould alkaloids. 

be removed by the chloroform and ether, more Among the commoner alkaloids, and poisonous 

especially if, as is advisable,- the agitation with ; neutral substances : — 

these solvents was not executed immediately j Petroleum ether removes from the acid 

efter ihe addition of sodium carbonate. In order aqueous solution: — some piperinc, resins such 
to obtain the morphine, the first alkalLsed solu- \ as capsicin, camphor, and phenol, 
tion from which the other alkaloids have been 1 Benzene further removes from the acid 

. removed must be rc-extracted a few times with | — more piperinc, caffeine, colchicine, 

t well-washed mixture of equal volumes of acetic i santonin, digitalin, cubebin,colocynthin, aloetin, 
ether and ethyl ether, which is preferable to ■ picric acid, elaterin, and cantharidin. 
amyl-alcohol, and in which mixture morphine is ! Chloroform, again, removes from the aeid 
, soluble. The mixed ethers are washed with a aqueous solution : — cinchonine, theobromine, 
little water, filtered through a dry filter, and j papaverine, narceine, jorvine, more digitalin, 
evaporated just upas the chloroform -ether was ificrotoxin, smilacin, and%cuogin. 
evaporated for the other alkaloids. The residue On rendering the solution alkaline with 
is usually not pure raorphflne, as acetic ether ammonia: — 

takes up other non-alkaloidal bodies., but these Petroleum spirit removes from the alkalini 
• do no4 usually interfere with the morphine strychnine, brucine, quinine, vera- 

leactions. trine, aconitine, emetine, and the volatile 

^ G. Bragendorff {Qerichtl. chem. Ermit. v. alkaloids coniine, nicotine, lobclino, and trime* 
Gift,, 1870, p. 141) has *deviscd a process which thylarnine (from putrefaction), the pimento* 
proceeds upon the same general lines os that alkaloid* ana aniline. If the presence of aco* 
of Stas, but is much more elaborate. It re- nitine or emetine be suspected, the operation 
quires, moreover, a higher temperature for the must be jg^erformed quickly, since thesotalkaloi^ 
prelimfhary evaporation. The finely divided rapidly decompose in alkaline solutions, 
substance, if solid, is digested for several hours Benzenijurther removes from the alkaUM 

at a temperature of 40°-50° with dilute sulphuric i|tropine, hyoscyomino, phy 808 ti|« 
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i^ae wcotine. imd basW ittraoM by mdaif o! ttrong ilooboL 

addj^onal qttabtitiea of strychnine, brncine, The filtered alooholio solution often yields oiv 
quinue, oinoHbnine, teratrine, aconitine, and evaporation the alkaloids in a sufficient state of 
emetine. purity to admit of their being weighed, con- 

Chlorofmniagaintremoves from tJie alkaline verted into hydrochlofidcs, and submitted to- 
eolution some morphine, and additional qiyin- tests! Sometimes, however, they must be puri- 
titles of cinchonine, narceine, and papaverine. tied by re-solution and re-crystallisation frona 
Amyl-alcohol fiymlly removes from the alka- absolute alcohol, ether, chloroform, &o. 
line soZttfwwt:— morphine, narceine, and some The method of psibr add Erdmann {^1. 120, 
neutral bodies, such as salicin. 121) is not much employed in this country, the- 

Not all the substances enumerated above are evaporation of amyl alcohol being a disagreeablo 
poisonous; but they are bodies that may be operation; but it is nevertheless a valuable process 

S resent in medicinal mixtures, and hence are for the separating of strychnine and morphine. 

kelyto come under the notice of the toxico- It is practised as follows:-- The suspected matter,, 
legist in forensic analyses. if solid, is made into thin paste with water, 

Selmi proposed another method of extract- slightly acidulated with hydrochloric acid, and 
ing the poisonous alkaloids, and applied it to digested at a temperature of 70° for an hour or 
the extraction of the ptomaines (O. 6, 153 ; two. It is then strained through a moist piece of 
C. J. 31, 93), The viscera are exhausted with cambric, and the solid residue on the cloth is- 
alcohol and dilute sulphuric acid. This acidi- well exhausted with hot very dilute hydrochloric 
fied alcoholic extract is filtered and evaporated acid. The combined liquids after filtration are 
at a temperature of 65°, again filtered, and made slightly alkaline with ammonia, mixed 
evaporated to a syrup. The residue is taken with clean sand, and evaporated to dryness on 
up with water, filtered, the filtrate treated with the water-bath. The residue from the evapora- 
basic lead acetate, and the mixture exposed tion is extracted three or four times with hot 
to the air for twenty-four hours. It is then amyl alcohol and the mix(!d liquids are filtered, 
filtered, the excess of lead removed by hydrogen j Tlio filtrate is shaken violently in a stoppered 
sulphide gas, and the filtrate conccntraled. ! tube with several times its volume of hot water 
This is then repeatedly extracted with ether. ! acidulated witli hydrochloric acid, which removes 
The ethereal solution is then saturated with a | the alkaloids, leaving colouring matters and fat in 
stream of dry carbon dioxide gas, which gene- , the alcohol. The alcohol is pipetted oil, and the- 
rally causes a pp. of droplets containing some ! hot acid solution is repeatedly waslied by agita- 
of the alkaloids, and adherent to the side of ' tion with fresh portions of amyl alcohol until all 
the vessel. The ethereal solution is poured | fat and colouring matter is removed, after which, 
off, mixed with about half its volume of water, j the clear aqueous liquid is concentrated by 
and a current of carbon dioxide is again passed evaporation, made alkaline with ammonia, and 
for twenty minutes, which may cause the i)pn. ' well shaken with fresh hot amyl alcohol four ox 
of otlicr alkaloids not ppd. by dry carbon j five times. These alcoholic liquids are mixed,, 
dioxide. Usually the whole of the alkaloids are j liltored through a filter moistene l with amyl 
thrown down by these means, but if not, the ; alcohol to remove water, and evaporated in a 
ethereal solution is dehydrated by shaking with ; iared basin, when the alkaloids will bo left in a 
barium oxide, and then a solution of tartaric ; sufficiently pure condition to be dissolved and 
acid in ether is added to the clear liquid, taking tested, previous to which they should be weighed.. 
care not to employ an exc^s of acid; any Occasionally a coloured residue is obtained which 
alkaloid that may remain in solution is thus ; requires re-solution in aqueous acid, agitation 
thrown down. As a matter of precaution, tlic j with amyl alcohol, alkalisation with ammonia, 
remains of the viscera or other m alters operated i and re-extraction with amyl alcohol, in order to- 
on are mixed with barium hydrate and a little | obtain the alkaloids in a sufficiently pure state 
water, and agitated with pure amyl alcohol. ■ for testing. With morphine the process, though 
The alkaloids may then be extracted from tbo | tedious, works well. 

alcohol by shaking it in a stoppered tube with j Scheibler’s process is based upon the prccipita- 
very dilute sulphuric acid. j lion of the alkaloids by phosphotungstic acid, a 

Sonnerschein (A. 104, 45) separates the alka- reagent prepared by treating sodium tungstate 
loids by ppn. with phosphoinoivbdic acid. In j in solution with half its weight of phosphoric 
extracting the bases, the organic matter to be acid, when crystals of phosphotungstic acid, 
examined is repeatedly exhausted with very j slowly form. These are dissolved, and the pro* 
dilute hydrochloric acid, the mixed solutions j ccss in detail is carried on in the same manner 
filtered, and the fiUrat#eva]>oialcd in the oven at ] as Sonnenschein’sphosphomol^dic acid process,., 
a temperature not exceeding 35'^ to a thin syrup; ! substituting the phosphotungstic for the phospho- 
then diluted with water, cooled, and filtered. I molybdic solution a precipitant. It is some- 
An excess of phospho-molybdic acid is added to times recommended to ^necedo the ppn. of the 
the filtrate, and the pp. is washed with water con- alkaloid by the additioii of load acetate to eemove 
tainieg nitric and phosphomolybdic acids. The colouring matter, and then to remove the excess 
’Still moist pp. is washed into a flask, made of lead by hydrogen sulphide; but sonai of the 
distinctly alkaline by the addition of barium alkaloid present is apt to bo removed with the^ 
hydrate, and distilled into a bulb apparatus lead pps. Nor should animal charcoal be used 
charged with hydrochloric acid, which absorbs as a decolorant, as this is still more effective in 
ainmoniia and the volatile bases. The residue withdrawing the alkaloids from solution. In- 
in the flask, containing the non-volatile bases, deed the obstinacy with which the afkaloidi^ 
U freed from barium hydrate by a current of adhere to animal charcoal has been utilised by* 
/ oi^rbon diiozide, evaporated to dry|ieBs, and the Graliam, Hofmann, and Redwood as a means w 





•iiipiiiting stryebnine from beer and other 
liquids (O.X 6, 173). 

The following schepie serves for the detection 
«f the more commonly occurring poisonous 
alkaloids. The alkalords are brought into 
acid aqueous solution, and this is shaken with 
ether 

I. The ether withilraw^from thcacidaqticons 
johition, and leaves on evaporation : 

1. Colchicine.— Ii5 solution is yellow, and is 
turned to a violet colour by strong nitric acid. 
Its solution in HCIAq, when made alkaline with 
caustic soda, develops an orange-red colour. 

2. Digitalin.— 'When dissolved in cone. 11^804 
and a minute quantity of bromine water is 
added, a reddish-violet tint is produced, which, 
•on the addition of water changes to a green. 

3. Picrotoxin.— Reduces Fehling’s solution. 

The solution is made alkaline with sodium 

bicarbonate, and again shaken with ether. 

II. Ether removes from the alkaline solutiojif 
And leaves on evaporation : 

1. Nicotine.— Oily drojdcts, having a tobacco- 
like odour. Its aqueous solution is not ppd. by • 
•chlorine water, nor docs it become coloured when 
wanned. Warmed with hydrochloric acid the 
alkaloid becomes violet, and then on the addition 
•of nitric acid orange-coloured. 

2. Coniine.— Oily droplets having a mouse- 
like odour. Its aqueous solution is ppd.by cMorine 
water, and becomes coloured when warmed. Dry 
hydrochloric acid gas turus the alkaloid at first 
red, and then to a violet colour. 

3. Lobeline. — Oily droplets yielding no very | 
•definite chemical reactions. 

4. Brucine. — Turned rosy -red by strong sul- 
phuric acid not quite free from oxides of nitro- 
gen. The alkaloid is reddened by strong nitric 
acid, and the red solution changes to a bluish 
violet on the addition of a solution of Stannous 
•chloride. 

6. Strychnine. — No coloration on the addi- 
tion of strong H-^SO^. On the further addition 
•of solid potassium dichromate, MnO.., or PbO.,, 
a violet-blue coloration is immediately produced, 
passing gradually into a cherry-red, the colour 
■only slowly disapiioaring. 

6. Narcotinc.- It become first yellow, then 
bluish-violet when warmed with strong sulphuric 
acid. Its solution in strong H.SO^ becomes 
red on the addition of a trace of nitric acid, 
fiulphomolybdic acid turns the alkaloid green. 

7. Fcra^ri7ic.— With strong sulphuric acid it 
becomes yellow, orange, and finally cherry-red. 
Itfl solution in cold concentrated hydrochloric 
acid is colourless, but gradually changes to a 
4eep red when boiled. 

8. Jervvie. Whe salts of this alkaloid, except 
the acetate and phosphate ar§ only very sparingly 
Boluble in water and acid solutions. Its solution 
in acetic acid is ppd. by nitric acid and by 
potassfum nitrate. 

9. Atropine.- An odour of hawthorn is dove- 
lo;^d w^cn tlie alkaloid, is warmed with strong 
tulphuric acid and potassium dichromate ; and 
the solution becomes green from reduction of 
chromic acid. Evaporated to dryness with 
fnminq^ nitric acid, and the residue touched with 
an alcoholic solution of potash, a fine purple 
4Mfiour is produced. 

10. Aconitine can only be identified by its 


physiological propertiet. The chemical teste for 
pure aconitine are not oharaoteri^o. 

11. QeUemine.—yfiih strong sulphuric acid 
and potassium dichromate, a reddish-purple or 
cherry-red colour is developed, quickly passing 
int# bluish-green or blue. 

12. Physostigmine. — Its solutions, whether 
acid or alkaline, become reddish on exposure, and 
this colour is discharged by sulphurous acid and 
the thiosulphates. Treated with sulphuric acid 
and bromine-water, it yields a brown-red colour. 

III. There remain in the alkaline aqueotu 
solution 

Morphine, curarine, and cytisine. The first 
may bo separated by shaking with acetic ether, 
and is identified by the usual tests— nitric acid, 
ferric chloride, iodic acid and starch, and sul- 
phomolybdic acid. Curarine may be ppd. by 
phosphomolybdic acid after acidification with 
nitric acid. The pp. is decomposed by barium 
hydrate, and the alkaloid extracted by absolute 
alcohol (v. Sonnenschein’s process, ante) ; it 
gives a reddish colour with sulphuric acid, and 
reacts somewhat like strychnine with sulphurio 
acid and potassium dichromate. Curarine, how- 
ever, is not precipitated from its solutions by 
potassium dichromate. 

Cytisine yields no definite chemical reactions. 

The following are the chief trustworthy tests 
for the more commonly occurring poisonous 
alkaloids, &c. : — 

-dconifinf*. — This alkaloid, as well as the 
closely allied alkaloids pseud-aconitine and japa- 
conitine, when pure, yield no characteristic 
chemical reactions. The colour reactions with 
sulphuric and phosphoric acids that have been . 
described by authors are untnisiworthy, and 
duo to impurities. 

Aponiorphine.— Its salts turn green on ex- 
posure to light and air, and its solutions on 
boiling. With sodium bicarbonate its solutions 
yield a pp. which turns green on standing, 
and forms with eftier a purple, and with chloro- 
form a violet, solution. Its solutions strike 
■ a red colour with ferric chloride and with nitric 
i acid. 

! Atropine. — When warmed with strong sul- 

phuric acid— or, more quickly, when evaporated 
to dryness with baryta-water, and tho residue 
heated— an odour of stale hawthorn flowers is 
developed. 

Brucine, — It is turned of a blood-red colour 
by nitric acid; and tho red solution becomes 
violet on the cautious addition of a solution of 
stannous chloride. It yields an orange-red with 
Bulphomolybdic acid; and with sulphuric acid 
and potassium dichromtfte a deep orange -red 
colour. 

C'aj7ctn«,— Crystallises in silky needles. Eva- 
porated to (iPtyness with dilute hydrochloric acid 
and a fragment of potassium chlorate, a pink 
residue is left, which turns violet on tho addition 
of ammonia. 

Cinchonine.— It is difficult to get any charac- 
teristic reaction for this base. Its sulphate ia 
soluble in chloroform, and is non-fluorescent— 
cliaractei^ which distinguish it from qfiinino. 

Cocaine.— Is not coloured by concentrated 
aoida. When evaporated to dryness with aloo- 
hollo potash, the reeidoe when wntrmed with 





dilate iol^mrio acid evolvei an arotnatio odour 
of beneoio aold^ 

C<^hdcine. — Nitric acid strikes a violet 
oolonry which on the addition of sodium hydrate 
changes to a fine orange. Strong sulphuric acid 
dissolves the alkaloid to a greenish yeliiw 
colour, and on the addition of a drop of dilute 
nitric acid a play of colours, beginning with 
violet, is manifested. The subsequent addition 
of caustic soda yields a fine rose tint. 

Coniine. — Oily, and of a mousc-like odour. 
Its dilute aqueous solution fumes with strong 
hydrochloric acid, and after acidification gives 
no pp. with bromine-water until supersaturated 
with sodium hydrate, when a white pp. forms. 

Curarinc. — Is turned blue violet wlien 
touched with sulphuric acid and potassium 
dichromate added ; but the colour is more per- 
sistent than in the case of strychnine. 

Cytisine . — This alkaloid is insoluble in ether, 
benzene, chloroform, and carbon disulphide. It 
dissolves in sulphuric acid without colour, but 
the subsequent addition of nitric acid produces 
an orange coloration. Nitric acid dissolves 
cytisine without colour, but on warming the 
mixture becomes orange-red. 

Emctme is said to strike a blood-red colour 
with strong nitric acid, but the writer believes 
that this is due to impurities, and that tests for 
emetine arc desiderata. 

Gclscmine.— Sulphuric acid and potassium 
dichromate produce an immediate but evanescent 
violet eoloration, and the chromate is quickly 
reduced. The alkaloid is naturally associated 
with gelsemic acid, a substance which in alkaline 
solution fluoresces strongly, and is yellow by 
transmitted, blue by reflected light. 

Hyoscyamne.—'^o good chemical test for this 
alkaloid is known. 

cTcrvinc.— The salts of this alkaloid, especially 
the acetate, are ppd. by nitric acid and by 
potassium nitrate. 

Morphine gives with nitrite acid a deep red 
colour, not materially altered by the subsequent 
addition of stannous clilorido. With sulphuric acid 
and potassium dicliroinato a green coloration 
is gradually developed. Ferric chloride gives a 
blue or bluc-grecn coloration. It liberates 
iodine from iodic acid, and the mixture shaken 
with chloroform impart.s a violet tint to this; 
but the brown colour is only deepened and 
altered in tint by ammonia. Sulphomolybdio 
acid gives an immediate purple coloration. 

Narcotine . — Uncoloured by sulphuric acid, 
except this contains a trace of nitric acid, when 
a fine cherry -red colour is gradually developed, 
and is persistent. Its^acidulated solution when 
warmed with bromine-water, added drop by drop, 
develops a purple or violet tint. 

Nicotine.—Oilj, and having the odour of 
tobacco. Freely soluble in water. Its acidu- 
lated solutions give a copious pp. with bromine- 
water, and this pp. disappears when excess of 
sodium hydrate is added. 

Physostigminc. — Sulphuric acid gradually 
produces a reddish colour. Its solutions acquire 
a red coltur on standing, and at o^ce when 
treated with sodium hydrate and warmed, and 
on evaporation leave a bluish residue which on 
acidolation affords a diohroic (r^ and blue) 


solution, which becomes permanently led oo' 
standing. 

Pil^rpine affords no very charactcristio 
chemical reactions. Witlr sulphuric acid and 
potassium dichromate fii green colour, due ta 
reduction, is developed. 

Piperine has the pungent fragrant odour of 
pepper. It is turned of a deep red colour by 
sulphuric, and of an oAngc^olour by nitric acid. 

Quinine.~li^ solution in sulphuric acid ia 
fluorescent. Treated with bromine-water and 
then excess of ammonia added, an emerald 
green coloration is produced. 

Salicin. — A neutral glucoside. It is not 
with(ira^vn from its acid or alkaline solutions by 
ether, benzene, or chloroform, and hence ia 
not obtained in the ordinary processes for the 
separation of the alkaloids. It is turned of a 
cherry-rod colour by sulphuric acid, and then on 
the addition of potassium dichromate an odour 
of meadow-sweet is evolved. Fused and par- 
tially sublimed in a test-tube, and then dissolved 
in water, ferric chloride strikes a violet colour. 

StrycJmine.—Suliihmic acid gives no colour 
till potassium dichromatc, MnOy, PbOj, or 
ferricyanide of potassium is added, when im- 
mediately a fine blue-violet colour is produced 
which gradually passes into reddish-violet, red, 
and finally cherry-red. Evaporated to dryness 
with faming nitric acid, and the residue 
moistened with alcoholic potash a deep orange 
colour is produced. 

Veratrinc . — Touched with strong sulphuric 
acid, this alkaloid gradually develops a fine 
red colour, or immediately on warming. Its 
solution in cold strong hydrochloric acid is 
colourless, but becomes intensely red on boiling. 

T. 8. 

ALKAMINES, alcamincs, alkinrs, or alcines. 
Names used by Ladeuburg to denoto substances 
that contain both alcoholic hydroxyl and amido- 
gen, such as oxy-ethyl- amine, C.H 4 (OH).NH,. 

ALKANET. The commercial name of two 
different plants. True alkanet is Lawsonia 
false alkanet is Anchusa tincioria. The 
leaves of Lawsonia contain a yellow dye, its 
roots contain a red pigment, used as a cosmetic. 
The root of Ancliusa {Orcanneite^ Radix Al~ 
canno! spuria) contains anchusiu. 

Anchusin or Alkanniu (Bolley a. 

Wydler, A. G2, 111) or C„IL,0, (Pelletier, A. 
C, 27) or (Carnclutti a. Nasini, 0. 1880, 

283 ; B. 13, 1514). Obtained by extracting the 
root of Ancluisa tinctoria with petroleum; the 
crude product is ^reated with dilute potash, the 
filtrate is shaken with ether, and the alkannin ia 
ppd. by a current of CO.,. It is a brownish-red 
mass with a metallic lustre ; ^1. ether, chloro- 
form, and acetic acid, si. sol. alcohol. Softena 
below 100°. Alcoholic solutions give with 
baryta-water a blue pp. of a barium compound. 
NaOAc and ACoO produce a crystalline dkacetyl 
derivative : Nitric acid forma 

oxalic and succinic acids. Alkannin apf ears to> 
bo allied to santalin. An alcoholic solution of 
alkannin dyes cotton mordanted with idam, 
violet ; iron mordants give a grey colour. Turned 
blue by alkalis, especially ammonia (BOttger, Jl 
pr. 107, 46; Enz, J. 1870, 936). Altannin, 
unlike rosaniline, is not abstracted by cubes of 
gelatin from its solution, lie abeorptioa-speo- 







krob shows ft bdndfl, dividing the s^trum 
between D and the blue strontium line into 
i equal parts. On^dding ammonia the red 
solution tarns blue, iiow showing 2 bands, one 
at Djthe other in the rdU, two-thirda of the way 
towards the lithium lino (A. Dupr6, C. /. 87, 672). 

AIKARSIN. Name given by Bunsen to 
cacodyl or arsenic d%mctl|idc {q. v.), C.H^As, as 
being empirically alcohol in which 0 has been 
displaced by As (-4. 24, 271). 

ALKYL. An alcohol radicle. 

ALKOYL. An acid radicle. 

ALLANIC ACID CJI.NAAq. 

Formed, together with urea and allanturio 
acid by the action of nitric acid in the cold on 
allantom (E. Mulder, A. 159, 353). Stellate 
needles (from water). SI. sol. cold water. De- 
composes at 210^-220'^ without melting. Does 
not give off gas with HNOj containing NoO*. 
Gives no pp. with CaClAq and NHaAq. Gives 
pps. with AgNOgAq and NIIyAq, and with basic 
lead acetate, but not with neutral lead acetate. 

Salts. — NH^A': prisms. — HO.Pb.A': ppd. by 
basic lead acetate.— 2PbA'a5Pb(OH)j—AgA'aq: 
amorphous pp. 

ALLANTOIC ACID 

04H«N,0,i.e.l^H,.C0.NH.CH(C0,H).NH.C0.NTr2 
A solution of allantoin in aqueous potash which 
has stood for some days, no longer gives a pp. 
with acetic acid, even after some time ; hut if 
a little alcohol be also added, and the liquid be 
left in an exsiccator over lime, crystalline 
potassic allantoate, KA', separates (E. Mulder, 
if. 169, 3C2; Schlieper, if. 07, 231; Ponomarew, 
J. li. 11, 13). The solution of potassic allan- 
toate gives crystalline pps. with Pb(OAc)2 and 
AgNOj, but not with BaCl.. BaOl^ and alcohol 
give a hygroscopic curdy pp. 

Salt s.— N A'— NaA' aq,— KA'.— BaA'j 2aq. 
— PbA'j aq.— AgA'. 

ALLANTOlN C,H,N,0, ue. 
vNH.CO 

co<; I 

\nii.ch.nilco.nh, 

>^H.CH{OH) 
or CO< ( 

\nH,C:N,C0.NH2 

Mol. w. 168. S. -02 at 20° ; 3*3 at 100°. 

, Occurrence. — In the allantoic liquid of the 
cow (Lassaigne, A. Ch. [2J 17, 301 ; compare 
Vauquelin, A. Ch. 33, 269). In urine of sucking 
calves (Wohler, A. 70, 229). Occasionally in 
Urine of dogs (Salkowski, B. 9, 721; 11, 500; 
Meissner a. Jolly, Z. 1805, 131). In the young 
leaf -buds of the plane and maple, and in the 
bark of the horse-chestnut tree (E. Schulze, B. 
U, 1602; J'.pr.flSa, 147 ; H. 9. 425). In wheat, 
to the amount of *5 p.c. of Die embryo (Bichard- 
son a. Crampton, B. 19, 1181). 

Formatwii.—l. By treating uric acid with 
boilinj^ water and PbO.^ (Idebig a. Wohler, A. 
26, 244; E, Mulder, A. 159, 349), with KOH 
and poftissic ferricyanide (Schlieper, A. 67,216), 
or With KMnO^ (Claus, B. 7, 227). — 2. By heat- 
ing glyoxylic acid (1 pt.) with urea (2 pts.) eight 
hours at 100° (Grimaux, 0. B. 83, 62).— 3. By 
the aqjion of nitrous acid on dialurio acid (Gibbs, 
A. Suppl. 7, 337).— 4. By heating mesoxalio 
acid with urea at 110° (Michael, Am. 6, 198). 

JProperties, — Glassy monoclinio prisms 


g )aubet, 4. 71» 68). Tai^eless. KettM 
eadily soluble in alcohol. « 

Beaciio7is.—l, Dry distillation gives am- 
monio carbonate and cyanide, and charcoal.— ft. 
Gently heated with hydrochloric or nitric acid 
ittgives urea and allanturio acid.— 3. Hot 
sulphuric acid forms CO«, CO, and NH,.— 4. 
Boiled with baryta-water, COj, NH,, oxalic add, 
and hydantoin are got (Baeyer, A. 130, 161).—- 
6. Hot cone, potash forms COj, NHj, oxalic acid, 
and acetic acid. — 6. Cold potash slowly forms 
allantoic acid {q. v.). — 7. Nitric acid of S.G.1'36 
forms, on boiling, allanio acid (q. v.). — 8. 
Potassic ferricyanide and KOH form allantoxanio 
acid (Mulder, B. 8, 1291).— 9. Sodium amalgam 
forms glycol uril, C^H^N^Oj (Streckera.Rheineck, 
A. 131, 119).— 10. llydric iodide reduces it to 
urea, and hydantoin or glyoolyl-urea (Baeyer, A, 
117, 178). 

Tests.— 1. A cono. solution of furfurol, to 
which a little HCl has been added, gives a violet 
colour with an aqueous solution of allantoin 
(Schiff, B. 10, 771).— 2. Mercuric nitrate (but 
not chloride) gives a pp,, as with urea. 100 g. 
of dry allantoin require 172 g. of mercuric oxide. 
The pp. is (C,H,N,Og),5HgO. 

Compounds with Bases.— These are 
formed by boiling aqueous solutions of allan- 
toin with metallic oxides. They are sparingly 
soluble (Limpricht, A. 88, 94). — 

(C,HgN,03).,Cd0.-C,H,.N,03Zn0.— 
(0,H3N,0,)«5HgO.-(C,H,N,03)32HgO.- 
(C,H9N,03)43Pb0.— (C,H,N,03 ),CuO. 

Tlie following are described as true salts : 
AgC^HjN^Oj, got as a pp. by ammoniacal AgNOj. 
— KCJIgN^Oa ; from allantoin, KOHAq, and 
alcohol, in exsiccator. 

Nitrate CJIgN^OsHNOs. Amorphous. De- 
composed by water or alcohol into HNO| and 
allantoin. 

Constitution. — The constitutional formuloB 
given above are chiefly based upon Formation 
2 and Reaction 

ALLANTOXAIDIN 

.NH.CO 

CjHjNaOa aq i.e. QO\ | aq. 

\nH.C:NH 

When allantoxanic acid is liberated from its 
salts, it at once splits up into CO.^ and this body 
(Ponomarew, J. li. 11, 47). Glittering prisms or 
tables. V. sol. boiling water, si. sol. cold water 
or alcohol, i'jsol. ether. Decomposed by heat, 
giving off HCN, HCNO, and NH,. Acid reaction. 
Boiled with water, or treated with cold Na^GO^q, 
it splits up into formic acid and biuret. 

S a 1 1 8. — K A' : ppd. by alcohol . — AgA'. 
ALLANTOXANIC ACID is, 

K NH.CD 

I 

NH.C:N.C03H 

Formats. — 1. Allantom dissolved in aqua* 
ous KOH is treated with potassic ferricyanide 
until the colour is permanent. Acetic acid is 
then added, when 04H2KNa04 is ppd. (Van 
Embden, A. 167, 39). — 2. From allantoin, KOH, 
and KMnO, (Mulder, B. 8, 1292; Ponomarew, 
J. R. 11, 19).— 3. From oxalyl-di-urelde and 
aqueous potash (P. B. 18, 982). 

Properties.— The acid, liberated from its lead 
salt by HjS, splits up into aUantoxaldin and C(V 
8altf.-^NHtA': needles. 





V ni&y 8. *86. Boiled with water, 

Bgiveff COc, biuret, and fomio acid. Beduoed 
^ sodiam-axifalgam to hydrozonio acid.— 
KfiMSgO^ aq: v. sol. water, insoluble in dry 
aloohol.-Ba(04H,N,0^)j 6aq. — BaC,HN,0, 2aq. 
— l^aq: very thin needles^ 
PbOiHNgO,. — AgCiHjNjO^: crystalline pp. — 
Agg04HN,04 : gelatinous. 

Mthyi ether C4H,EtNa04 : from AgA' and EtI. 

ALLANTURIC ACID CgH^N.O, i.e. 
yNH.CO Qhjoxyl-urea. 

CO<( I 
\NH.CII(0H) 

Formatioti--!, By boiling allantoin with 
HNOj, HCl or PbO^ or heating with water at 
140° (Pelouze, A. Ch. [3] 0. 71 ; Mulder, A. 159, 
359).--- -2. Formed, together with glycoluril and 
urea, by action of sodium-amalgam on allantoin 
(Reinecke, A. 134, 220). — 3. By boiling allantoic 
acid or alloxanic acid with water (Ponomarew, 
/. R. 11, 15; Sohlicper, A, 56, 5).-4. By 
oxidation of hydantoin (Baeyer, A. 117, 179; 
130, 160).— 5. By boiling uroxanic acid with 
water (Medicus, B. 9, 1162 ; Ponomarew, B. 11, 
2166 ). 

Properties. — A deliquescent gummy mass. 
Insol. alcohol. Boiling potash forms CO.,, NH,, 
acetic acid, and oxalic acid (Medicus, B. 10, 541). 
—Salts. These are amorphous.— KA'HA' 2aq. 
a 10.— BaA',, 3aq. 

ALLENE. Name sometimes used instead of 

A T T VT W W 

ALLITDRIC ACID CeH.N^O^. 

S. 6 or C at 100°. Obtained from an aqueous 
solution of alloxantin, mixed with HCl, by 
rapidly evaporating to a small bulk, and treating 
^the resulting powder with HNOj which dissolves 
alloxantin but not allituric acid. The latter 
crystallises from water as a bulky yellowish- 
white powder (Schlieper, A. 56, 20). Not at- 
tacked by cone. HjSO^ or HNOj. Evolves NH, 
when boiled with KOH. 

ALLO.— A prefix proposed by Michael {B. 19, 
1378) to denote unexplained isomerism ; thus 
fumaric acid would be called allo-maleio acid. 

allocaffeIne c,h,n,o,. 

[190°]. (E. Fischer, A. 215, 270). 

Formation . — 1. Obtained by action of water 
on the unstable product of addition of bromine 
to caflfeine methylo-hydroxide.~ 2. One of the 
products of action of HCl and KCIO3 on caffeine 
methylo-hydroxido (Schmidt a. Schilling, A. 
228, 162). 

Small white triraetric crystals, aib:e=^ 
•6953; 1; *5401, soluble in benzene, chloroform, 
and hot water, nearly insoluble in cold water, 
sparingly in alcohol or ether. 

Reactions.— 1. Decomposed by hoilhUf water 
into CO3 and methyl-caffurio acid. Allocaffeine 
is therefore probably methyl-apocaffeme.~2. 
HNO, (S.G. 1*2) gives cholestroi)hafle, methyl- 
amine, and CO.3.— 3. HCl and KCIO, form di- 
methyl-alloxan, amalic acid, cholestrophane, 
methylaminc, and COj.— 4. Bromine appears to 
form an addition product, but it is decomposed 
by water into allocaffeine, cholestrophane, and 
methylamino hydrobromide. —5. Boiling baryta 
forms Bamosine, formic acid, and CO,. 

Inasmuch as it Splits off 
in reactions where caffeine splits off , 
^Avtae Me (and consequently OQ also) must | 


1 » 

00 O-I^ 


m 

tie attached to nitrogen, the formula being 
either : 

MeN— CH MeN— CO 

* I I 

NMe or# 00 O--NM 0 

1 I >CO I j| >CH 

McN—C = NMe.OH MeN -C— NMe.OH 

(after Fischer) (after L. Medicus) . 

ALLOPHANIC ACH) 

1. e. NH3.CO.NH.CO2H Urea u-carboxylic acid. 
The free acid splits up at once into CO, and 
urea. Its ethers are formed by passing vapour 
of cyanic acid into alcohols ; 2CONH + HOEt« 
NIL.C03Et + CONH = NH.,.C0.NH.C02Et. The 
ethers are sparingly soluble crystalline solids. 

Salts. — BaA'g* obtained from the ether by 
cold baryta-water (Liebig a. Wohler, A. 69, 291). 
When boiled with water it gives off CO,, deposits 
BaCOs, and urea is left in solution. Dry dis- 
tillation produces basic cyanate, NH,, and CO,. 

It gives no pp. with AgNO,.— Salts of Ca, K, and 
Na have been prepared. 

Methyl allophanate NH2.CO.NH.COjMe 
(Richardson, A. 23, 138). 

Ethyl allophanate EtA'. [191°]. 1. From 
alcohol and the vapour of cyanic acid (L. a. W.). 

2. From ClCO.^Et and urea (Wilm a. Wischin, 
Z, [2] 4, 6).— 3. Together with oxamide and 
alcohol by heating urea with oxalic ether at 
135°-170° (Grabowski, A. 134, 115).— 4. From 
potassic cyanate, alcohol, and chloro-acetic ether 
(Saytzeff, A. 135, 230) or chloroformic ether, 
CIC02Et (Wilm, A. 192, 244).— 5. From potassic 
cyanate, alcohol, and IICl (Amato, O. 3, 469). 
Small needles. Tasteless. SI. sol. cold water, 
more soluble in alcohol. V. si. sol. cold ether 
(difference from carbamio ether). At 190° it 
slowly changes to alcohol and cyanurio acid. 
Alcohol at 160° converts it into carbamio ether: 
NIl2.C0.NH.C02Et + II0Et = 2NH2C0.2Et (Hof- 
mann, B. 4, 268). 

Acetyl derivative, NHAc.CO.NH.COjEt. 
[107°]. Silky needles (from alcohol) (Seidel, jr.pr. 
[2] 32, 273). 

Benzoyl derivative NHBz.CO.NH.COjEt. 
[163°]. Together with alcohol, HCl, and CO, 
from benzoyl chloride and urethane (Kretsch- 
mar, B. 8, 104). 

Propyl allophanate PrA'. [150°-160°j, 
(Cahours, J. 1874, 834). 

Amyl allophanate C^H, , A'. [102°]. From 
cyanic acid and amyl alcohol (Schlieper, A. 59, 23). 
From amyl alcohol and urea (Hofmann, B.4,267). 
Unctuous pearly scales (from water). 

Ox ethyl allophanate HO.CjH^A'. [160°j, 
From glycol and cyanic acid vapour. Shining 
laminte (from alcohol) (Baeyer, A. 114, 160). 

Dl-oxy-propyl allophanate CjHj(OH),A'. 
[160°]. From glycerin and c;^nio acid vapour 
(B.). Plates (from alcohol). Sol. water. Heated 
with baryta-water, it forms BaCO„ urea, and 
glycerin. , ^ 

Phcnyl-allophanate PhA'. Cyanic acid 
vapour is passed into phenol; the prqduct ia 
dissolved in alcohol * and ppd. by ether. 
Slender crystals. At 150° it splits up into 
cyanic acid’ and phenol (Tuttle, J, 1867, 451). 

Propenyl-methoxy •phe7iyl-alloph<h 
nate CioHi^N^O, i.e, » 

NH2.CO.NH.CO.O.C,H,(0,HJ.OCH,. 

From eugenol and cyanic acid vapour (Baeyer. 





4^114, 164). Keedles. Insol. water. SL lol* 
i^ldalcohoL 

Amid$ ofallophanic acid 
NHj.CO.NH.OO.N]^ I'. Bioeet. 

ALLOTROPY (otheiy^ise turned, otherwise 
formed, from dAAoj= another, and T/Ki*-of==: man- 
ner) denotes the appearance of one and the 
same substanoe in several different states, dis- 
tinguished from each other by different proper- 
ties. The term was introduced by Berzelius in 
1840 (J. No. 20 for 1839, pt. ii. p. 13), because 
he held the term ' isomerism * to be inadmissible 
where the subject of modification is an elemm> 
tary substance, isomeric states being traceable 
to different modes of combining equal numbers 
of atoms of the same elements. In the view of 
Berzelius, accordingly, the alio tropic modifica- 
tions of the elements are not to bo explained by 
differences in the arrangement of their atoms, 
but he expressed no opinion whatever about 
their actual cause. Since, however, he indicated 
it as probable that even in compounds the ele- 
ments retain their allotropio states, and thereby 
often occasion isomeric forms of compounds 
{J. No. 23, p. 61 ; No. 24, p. .32), he appears to 
have been of opinion that the cause of the allo- 
tropio transformation is to be sought in a 
change in the atoms themselves. Now that we 
have learned to appreciate more correctly the 
doctrine of Avogadro, and so have become 
accustomed to consider the molecules of the 
majority of elements as particles composed, like 
those of compounds, of several atoms, the dis- 
tinction introduced by Berzelius between allo- 
tropy and isomerism has lost its original mean- 
ing. But the term allotropy has been retained, 
being used, however, w'ith reference not to ele- 
ments only but also to compounds. Accordingly 
we distinguish between allotropy of elements and 
allotropy of compcninds. The former, accord- 
ing to the modern use of the expression, embraces 
all the different forms in which an element ap- 
pears ; the latter only those cases in which, 
while the composition remains the same, there 
is a change in the physical, but none, or at any 
rate none of any consequence, in the chemical, 
properties, thus apparently warranting the as- 
sumption that there has been no change in the 
linkage of the atoms by which, doubtless, chemi- 
cal behaviour is essentially determined. Allo- 
tropy of compounds is accordingly synonymous 
with physical, as opposed to chemical, isomerism. 
But since the two groups of properties are closely 
connected, and any change of the physical is 
usually accompanied by a change, however 
small, of the chemical also, no sharp line is to be 
drawn between the two kinds of isomerism. 

On the other hand, the transformation of one 
allotropic fordf into another offers so many 
analogies to the transfornnition of one state of 
aggregation into another that, strictly speaking 
the three states of aggregation of any substance 
should be described as three allotropic modifica- 
tions ^ it (Lehmann, Z.K. 1877. 1, 97). Hitherto, 
however, it has not been usual so to describe the 
states of aggregation, and, consequently, on this 
side also, the notion of allotropy is not to be 
defined with perfect exactness. The melting of 
ice, lor example, is a transformation of the 
lighter into the heavier modification of water, 
for the particles of* the lighter are still retained 


in iha liquid itaie for mum dogreas abori iha 
melting point, and bring it ' about that thi 
maximum of density appears not at 0^ but it 
+4°. Something similar probably takes place 
in many, if not in all, other substances, only the 
difficulties of observation are greater. But as it 
has been observed that changes in the properties 
of a substance usually proceed differently and 
follow different laws according as the substance 
is near to, or more remote from, its melting- 
point (no matter whether above or below it), we 
inay conclude that immediately below the melt- 
ing point the solid substance already contains 
j isolated portions of the liquid modification, and 
that above the melting point the liquid body 
I still contains portions of the solid modification. 
But even if we do not account these changes of 
aggregation as instances of allotropy, the num- 
ber of cases of allotropy as yet known, while 
suffering a very important diminution, will still 
remain pretty considerable. 

I. Allothopy op tue Elements.— Allotropy, 
taken in the narrower sense, has hitherto been 
observed only in the non-metallio or semi- 
metallic elements. Among metals proper it has 
been found only as regards crystalline form, in 
which case it is usually known as dimorphism or 
polymorphism. Since, to the best of our present 
knowledge, the gaseous molecules of the metals 
consist of single atoms,’ while those of the semi- 
metals and non-metals are composed of several 
atoms, the absence of allotropio modifications of 
the metals proper tolls in favour of the present 
j view', which is different from that of Berzelius, and 
is to the effeetthat allotropy of the elements, like 
I isomerism of compounds, depends on diffevencesin 
; the mode of union of the atoms, and not on any 
changes in the atoms themselves. Polymor- 
phism, occurring as it docs even limorig metals, 
may be explained by supposing that there are 
differences in the arrangements of the atoms as 
well as of the molecules, while the existence of 
allotropic modifications in the melted, the dis- 
solved, or the gii^iified, state points to differences 
in the constitution of the molecules, i.c. to dif- 
ferent modes of uniting the atoms to form mole- 
cules. 

The appearance of allotropy seems to be 
favoured by smallness of atomic w'eight, for not 
unfrequcntlyin one and the same natural family 
allotropy shows itself only in the first members, 
while the members with higher atomic weights ex- 
hibit it either in some properties only or not at all. 
In the family of the halogens, F, Cl, Br, I, allo- 
tropy has not been observed, unless wc consider 
I as such the splitting of molecules at high tern- 
I peratures into separate atoms (Victor Meyer). 
Hydrogen does not exl^bit allotropy. On the 
other hand allotropy is found very notably in 
the first members of the oxygen-sulphur faz^y. 
Ozone exhibits much more strongly marked 
chemical characters, and moreover a greater 
density, than oxygen. If the molecular weight 
of ordinary oxygon is represented by O 3 , that of 
ozone is probably 0 „ ozone being thus a poly- 
mcride of oxygen. Sulphur in each of its statei 
of aggregation exhibits allotropio modifications, 
and these to some extent correspond with each 
other, tn the solid state it is: ( 1 ) rhombic; 

* It Bhoa’id not be forgotten that the data are moel 
meagre. -Eo. 



iijeitihg.potii life** {Gsrhe^n «^tibte 
CS,: (2) monooliiiic; P.al'VC, M.P, 117® 
^rnez), soluble in CS.j : (3) amorphous plastic ; 
fe«l*90 to 1*93, insoluble in CS^: (4) according 
to Oernez (0. It. 98, 1 11) and Sabatier (C. 1\100, 
1346) crystallised in little rods with a lustreiliike 
that of mother-of-pearl. The last modification 
IVtaqucnne (C. R. 100, 1499) considers to be dis- 
torted rhombic crystals, which according to 
Gernez are very easily produced out of the fourth 
modification (C. B, 100, 1581) without being 
identical with it. Liquid sulphur is : (1) imme- 
diately above the melting-point thin and clear : 
(2) at about 200° thick and dark : (3) at about 
840° thin and dark. The vapour : (1) between 
the boiling-point (44G ‘) and about 500° has 
V.D. - 6*0, molecular weight = S# : (2) above 700° 
V.D. = 2*2, molecular weight = S^.. The behaviour 
of selenion is analogous to that of sulphur. 
When solid this substance is : (1) red, amor- 
phous, vitreous, or pulverulent, D. - 4’2(i, soluble 
in CSjj: (2) red, crystallised, monoclinic, iso- | 
morphouB with sulphur, D. = 4-51, soluble in 
, eSa ; (3) gray, granularly crystalline, D. = 4-80, 
insoluble in CSo. Whether the black foliated 
crystals, insoluble in CS., D. = 4'80, obtained from 
a solution of potassium sclenide, are identical 
with the third modification remains to be deter- 
mined. Liquid selenion is: (1) at low tem- 
peratures in a thiji stratum light-red and 
transparent : (2) at higher temi)eraturcs, dark. 
Gaseous selenion under 1100° consists in part of 
molecules composed of more than two atoms : 
above 1400° all the molecules are diatomic, 
V.D, = 5*G8, molecular weight Sc... Of tellurium 
no allotropio form is known with certainty, yet 
,it is worthy of remark that its electrical con- 
ductivity, likfk that of selenion, but contrary to 
that of all other conductors of the first class, 
increases with rising temperature. This may be 
explained by supposing the production of a modi 
fication with hotter conductivity. As regards the 
nitrogen family, the existence of any ullotropic , 
forms of nilro(jm has not yet ocen conclusively ■ 
proved, but solid i)lici<iplionis exists in three ' 
forms : (1) colourless, very easily burnt, soluble } 
in eSj and in many oils, crystallising out of i 
these solutions according to the regular system, ! 
D. « 1*83 : (2) red, amorphous, D. = 2-lH : (3) dark- : 
red crystallised in rhoinholiedral forms, in the j 
highest degree inditTerent, D. -2’34. The last 
two forms perhaps represent one and tho same 
modification. In the liquid state there seems 
to be only one modification— the colourless ; in 
the gaseous state, on tho contrary, there appear 
to bo two, since Ihe vapour-pressure over colour- 
less phosphorus is greater than tliat over red at 
the same temperature, find the va]>our condenses 
under certain ciixjuihs lances into the one modi- 
fication and under other circumstances into the 
other. Arsenic is; (1) nmorphonf, D. = 4'72, 
less easily oxidised than the following variety : 
(2) crystallised in rhoinholiedral forms, D. ^ 5-7:i. 
Whether explosive ant inumij {Gove), 1). 5-83, is 

A distinct modification cannot be quite definitely 
determined, since it cannot be obtained free from 
chloride. For ordinary antimony D. = 6’71. Of 
iismuth nt) allotropic motlification is k»own. 

; . In the carbon family carbon exists; (1) as 
jii^pnd, regular, very hard, D.«3'62 : (2) as 
either i^ombohodrol (K^nugott), or 


I moin^nia (Clarke, 

(3) amerphous charcoal, X). « 1*87 to 2*30* a^oe* ‘ 
ing with graphite in many propertiea and hence 
perhaps not to be regartrea as a distinct modi- 
fication. Silicoril: (if amorphous, easily oxi- 
dised : (2) d^staliised according to the regular 
system, D. = 2*20 to 2*49. The so-called graphi- 
toidal variety consists of distorted regular 
crystals. Of tiianiiPni al^d thorium allotropic 
forms are not known. Zirconium has been ob-. 
tained amorphous and crystallised. 2*i7t also 
appears to bo dimorphous. 

The element boron is probably capable oJ 
allotropic modification, yet liithcrto it has beefii 
obtained only in tlio amorplious form. 

The crystallised always contains aluminium or 
carbon. Some of the platinum metals, namely/ 
iridium and palladium are said to occur in twoj 
forms, regular and hexagonal. |j 

II. ALLOTiiopy OF Compounds, or rnvsicALj 
IsoMEiiisM, may be theoretically defined as iso-! 
merism ivith identity of atomic Unluuje. The ' 
following inorganic compounds exliibit remark- 
able instances of allotropy ; calcium carbonate ' 
(as calc-spar and arnigonile) ; sUica (quartz, 
tridy mite, agate) ; titanium o.ridi' (rutile, brookite. 
anataso) ; tho nitrates of sodium, ]>otassiwh( am- : 
nionium, and silrer; sodium viclaphosphate ; 
ai'scnious imH antimonious oxides ; the sulplmtes , 
of magnesium, iron, and copper ; potassium dU 
chrouiate ; silver iodide . ; zinc chloride ; mercuric 
chloride; manganous chloride; and indeed many 
other substances. Many instances of allotropy 
have also been observed among the compounds 
of carbon, particularly in the following sub- 
stances; benzophenone ; isohydroben.roin diace^ 
tnte (Zincke) ; dibromopropionic acid (Tollens) ; 
tolylphenyl ketone (Van Dorp, Zincke) ; vieta- 
chloronitrobenzcne; cldoroduiitrobcnzc e (1 :3:4)’ 
(Laubenheimer) ; oxycamphoronic acid (Zepha- 
rowicli) ; the benzoylated and anisylated %*■ 
droxylamincs (Lessen) ; hydroquinonc ; para- 
nitrophcnol ; stilbene chloride; dihmniojluorene 
(Lehmann); tetraniethyldiamidudriphcnyl-metlw 
ane ; diphenylnaphthylmelhanc ; penta methyl* 
IcukanUinc (E. Fi^^cher, Lehmann) ; dihenzoyU' 
dictmidodibromodiplicnul (E. Lellmann). No 
definite and regular relation between the compo- 
sition of carbon compounds and the existence ot 
allotropic forms of these compounds has as yet 
been recognised. 

The production of allotropic modifi- 
cations, and the transformation of one 
modijicalion into another, are effected, as 
a general rule, by chrmges of temperature. Tho 
casf's in which we are entirely ignorant of tho 
conditions umler whicli allotropic modificatioua 
are produced, arc but few. Tli»most notable is 
tl’.at of one of tho i^iodi fication s of carbon — tbs 
diamond, but on the other hand the transforma- 
tion of diamond into graphite has been observed. 
One of the allotropic states usually correli)onds 
to a specified interval of temperature, so that at 
a definite limit of tempevature the one iiAdifica- 
tion passes into tluj other. Yet we frequently 
succeed in cooling the modification belonging to 
tho higher temperature below the lower limit, 
and sometimes also in heating tho othei^odi- 
fication above this limit, without any transfor- 
mation taking place. But when such a modifi- 
cation is preserved above its fixed limit, the 
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ftateoi eqailibriam attained by its parttblesis 
iinstable, and is often destroyed by very trifling 
eanses, a particularly easy means of upsetting it 
being to bring the subwance into contact with a 
crystal of the modification that is stable at the 
prevailing temperature. On transformation into 
the stable form thereupon ensuing, heat is pro- 
duced or disappears, according as contraction or 
expansion takes placc.^ Tl^is thermal effect may 
be very considerable. 

The temperature of transformation has been 
determined for rhombic and monoclinic sulphur 
by L. Th. Ih icher {Z. K. 1884. 8, 6) to bo 95-0°. 
Belo\Y this the rhombic form is stable, above it 
the monoclinic, the other being unstable. The 
lamorphous form is unstable at all temperatures 
pelow, and also for a considerable interval above, 
the melting point ; the temperature at which it 
becomes stable has not been determined, but 
Irobably it lies not far below the boiling point. 
Vhen cooled quickly both the monoclinic and i 
;he amorphous form may be kept a considerable I 
lime at comparatively low temperatures. One I 
night be tempted to suppose that the modifica- | 
ions that have thus become unstable would pass ; 
atotlie stable forms the more easily the greater ! 
lie distance of their temperature from that of 
Dransformation ; yet below the temperature of 
transformation this is not the case ; on the con- 
trary, transformation into the rhombic modifi- 
3ation ensues the more easily the higher the 
temperature and therefore the nearer it comes 
to the temperature of transformation. This is 
andoubtedly due to the circumstance that the 
mobility of the paiticles increases as the tempe- 
rature increases. The behaviour of selenion is 
similar to that of sulphur. Amorphous selenion 
is produced only above the melting i)oint, which 
is 217°, iievertlicless when this variety is quickly 
cooled it remains stable for some time, and 
begins to pass into the grey crystalline form only 
at 80° (Ilittorf) ; the progress of this change is 
however more rapid at 125°. The temperature 
of transformation of the red soluble crystals of 
selenion is about 110^ (Mitschcrlich). 

The conditions under which phosphorus 
passes from one of its modifications into another 
are very remarkable. If colourless phosphorus 
is vaporised in a vessel too small to contain 
the whole of the phosphorus as vapour, the red 
variety i'^ formed at 210° and upwards; the 
change i^rocecds more rapidly at 2(10°, and very 
quickly above 300°. Conversely, red phosphorus, 
if it can transform itself freely into vapour, and I 
if the vapour is allowed to cool, is re-converted 
at 200° into the colourless form : the red modi- 
fication is formed only if the vapour has been 
heated above at red heat and then allowed to 
cool (Hittorf). Arsenic vapour condenses below 
220° to form amorphous arsenic ; at a higher 
temperature to form crystallised. At 300° the 
formed passes into the latter with production of 
heat. Tin is converted by very great cold, under 
conditfunsnot yet exactly determined, into loosely 
cohering columnar aggregations of grey colour 
and diminished density (b'ritschc, Petri, Schcrtel). 
liight too may bring about the production of 
>aUotrqpic modifications ; through its influence 
lelenion and tellurium temporarily acquire a 
better electric conductivity — a fact which has 
applied in telegraphy. Phosphorus bo- * 


I cornea red through the action of light* Slec* 
trioity likewise may convert phosphorus, in 
vacuo, into the red modification, b&t perhaps the 
transformation may be due only to the heat 
produced. 

.^mong compound substances the phenome- 
non of the transformation of one allotropic 
modification into another has been observed by 
many authors, but it has been studied with 
special attention by 0. Lehmann (passim, and 
in later papers in Z. K.) Ho has proved that 
it obeys the same laws that hold for the ele- 
ments. In most cases an unstable modification, 

I differing from the ordinary stable one, is ob- 
tained by raising a substance to a high tempera- 
ture and then cooling it quickly to a temperature 
a long way below that of transformation. It is 
supposed that in such circumstances the parti- 
cles do not find time and opportunity to assume 
tlie position of equilibrium corresponding to the 
lower temperature. The unstable state thus 
produced may be assumed alike by solid, molted, 
and dissolved, substanecs, and may be main- 
tained, especially at pretty low temperatures, for 
a long time. In many cases, e.g., in that of 
hydroquinono, the one modification (in this case 
the unstable) is obtained by melting or sublim- 
ing ; the other form is obtained from solutions. In 
other cases, either form may bo obtaimitl from the 
same melted body, or from tlie same solution, 
according as it is brought into contact with a 
crystal of the one form or of the other. If frag- 
ments of crystals of both modifications arc in- 
troduced simultaneously, both of them at first 
increase in size ; but as soon as the two crystal- 
line masses come into contact the form that ia 
stable at the prevailing temperature grows into, 
and at the expense of, the unstable, while the 
latter dissolves or is consumed. As a general 
rule the modification that is unstable at a low 
temperature has a lower melting point than the 
, stable, so that many substanecs on being heated 
are observed first to melt, then to solidify again, 

I with transformatTbn into the otlier modification, 
and finally to melt a second time. This pheno- 
I menon may bo observed with special distinctnesa 
i in the case of dibenzoyldiainidodibromodiphenyl, 

, because here the melting points of tlie two forms 
, lie unusually far apart. The needles of this 
i substance crystallised out of alcohol melt at 
I 195°, when quickly cooled the molted substanca 
solidifies to a vitreous mass, which, when again 
lieated, melts at 99°, re-solidifiesin a crystalline 
form between 125° and 130°, and then melts 
once more at 195° (Lellmann). 

Many compounds, especially inorganic com- 
pounds, behave like selenion ; the form pro- 
duced at high tcmperatuitismay remain stable far 
below the temperature of transformation, and 
may become unstable only on being heated to 
the neighbourhood of the temperature of trans- 
formation. Arragonite, the rliombic form of 
calcium carbonate, which separates from hot 
solutions (and according to O. Hose from voiy 
dilute cold solutions also) is perfectly stable at 
ordinary temperatures. If, however, a crystal ia 
heated, it breaks up, long before giving off car- 
bon dio^de, into a mass of small ^ystals ol 
calc-spar (Haidinger), thus passing over into 
the rhombohedral form, which is produced al 
lower temperatures. Rock-crystal ana amorphoua 



^nre peneotijr. at oi^^ftry tdmjMfa. 

iureSf but at the tfe^ratures of the porcelaih- 
kiln they are*ohangea into tridymite, the third 
modification, which in turn is likewise stable at 
lower temperatures. As regards other substances, 
particularly organic compounds, the forms 40 bo 
classed as unstable usually possess much less 
stability, but still of course they are not alto- 
gether destitute of it. This persistence in a state 
no longer completely stable may be explained by 
supposing that a certain impulse, or an increase 
cf the proper motion of the particles, is required 
to change the state— to make the particles leave 
their respective positions and pass over into new 
ones. That the change is attained most easily 
and most surely by contact with a crystal of the 
stable modification, is undoubtedly due to the 
power of every crystal to give to the particles 
settling on it a definite and regular orientation 
and arrangement. L. M. 

ALLOXAN CJLN.O, aq (and 4aq.) 

i.c. CO<^^JJ'qq^CO. Mcsoxahjl-urea. Mol. 

w. 142. — Discovered in 1817 by Drugnatelli, who 
named it crythric acid. SubsequcntIycxarnino.il 
by Liebig a. Wohler (A. 2(>, 250), and by 
Schlieper {A. 55, 253), 

Fonmlitm. - 1 . Dy oxidation of uric acid by 
IINOj (S.(t. 1*42) diluted with water {{) pts.) at 
70°. By adding SnCl., alloxantin is ppd., and, 
after wasliing, is re-oxidised to alloxan by nitric 
acid (2 pis, of S.G. 1*52 mixed witli 1 pt. of 
S.G. 1*42) in the cold (Liebig, A. 147, 300, BL 
[2] 9, 152). — 2 . From uric acid and aqueous Br, 
Cl, or I (M. E. Hardy, BL [2| 1, 445).-3. From 
xanthine, KCIO3, and HCl (E. Fischer, A, 215, 
310). 

Properties^— A warm saturated aqueous solu- 
tion deposits on cooling trimctric efll orescent 
crystals (with 4aq). If the solution is kept 
warm wliile evaporating monoclinic prisms (with 
aq) are got. V. sol. water or alcohol, ppd. from 
solution by HNO.,. Astringent taste, reddens 
litmus, does not decompose (?aCO,. Aqueous 
solution turns the skin purple, imparting a pecu- 
liar smell. 

Rcactims. — 1. Hot dilute nitric acid forms 
CO.^ and purabanic acid, the latter then becoming 
COjj and urea. — 2. Boiling potash forms mes 
oxalic acid and urea. 3. Boiling very dilute 
sulphuric acid forms amnionic hydurilate.— 4. 
Boiling aqueous HCl or ILSO, forms alloxantin, 
which separates; dialuric acid, amnionic oxalate 
etc., remain in solution.— 5. Boiled a long time 
with water, it forms CO., parabanic acid, and 
alloxantin. — G, By reducing agents (ILS, SnCL, 
Zn and IlCl) it is converted into alloxantin, and 
finally into dialuric ^ acid.— 7. Boiled with 
ammonia and sulphurous acid, it forms amnionic 
thionurate {q. v.). 8 . KHOor haryta converts it 
into alloxanic acid ; baryta or lime-w<ttei* giving 
white pps. of baric or calcic alloxanate. If the 
alkali bo in excess, the pp. contains mcsoxalate. 
9. Warm aqueous amnumia forms a yellow 
jelly of the ammonium salt of ‘ niycomelic acid ’ 
04 H 4 N 402 (L. a. W.). — 10. Ferrous sulplutte gives 
a deep blue colour. — 11 . Boiled with water and 
PbOj ther^ results CO.;, PbCOg, and mra*— 13* 
Boiling aqueous lead acetate forms lead mes- 
oxalate and urea.— -13. Boiling aqueous NaNOj 
and aoetio aoid form eodio oxalur^te (Gibbs, 


Am, 8, [SB 491, 216);— 14. ITydroxylamine hydrd* 
okhride forms violurio acid.— 16. With a dilute 
solution of pyrrol it crystalline pyrrol- 

alloxan (Ciamician a. Sifber, B. 19, 106, 1708),— 
16. PCI 5 mixed with POClj at 130° forms tetra- 
chloro-pyrimidine (Ciamician a. Magnaghi, B. 18, 
3444). 

Metallic dexiuaiives. — C 4 Ag.;N 304 .— 
C^H;N;0 JxgO 7aq : ppd. fiy mercuric nitrate.— 

Compounds with Bisulphites . — 
CJLN.O^NairSOgliaq ; largo crystals, v, so;l. 
water.— C^,H;N;0,KlLSO.,aq : m. sol. cold wateJr, 
v. sol. hot water. — C,H;N.;O^NH^nSO, (Lii]L 
pricht a. Wuth, A. 108, 11 ). 

ALLOXANIC ACID C^H.N.O, 

Le. mi,.C0.^1rLVA)mmALMesoxaloxyUiru . 
8 . (alcohol) about 20. (Liebig a. Wohler, A. 2( , 
292; Schlieper, A. 55, 263 ; 56, 1 ; Stiideier, A , 
97, 122 ; Baeyer, A. 119, 126 ; 130, 159). Forme i 
from alloxan by treatment with aqueous fixeC 
alkalis or alkaline carbonates. White needles oj * 
warty masses. V. sol. water; si. sol. ether. 5 

Reactions. — 1. Boiling the aqueous solution 
produces CO;, leucoturic acid (q. v.), allanturi(? 
acid and hydantoin.— 2. Alloxanates are cont 
verted by boiling water into mesoxalates and 
urea.— 3. Nitric acid forms CO; and parabanio 
acid.— 4. HI reduces it to hydantoin, giving ofl! 
CO; (Baeyer). 

Salts. The alkaline alloxanates are soluble 
in water. The normal salts of other metals 
are usually insoluble. Ferrous sulphate 
! gives a dark blue pp, with potassic alloxanate. 

; NH,C,H,N;Os. S. about aO.-BaH.A'V^aq.- 
' BaA"4aq. — Can„A";Gaq. S. 5.— CaA"5aq. — 

I CuA"laq. S. 17 to 20. - CuA"Cu(OH) 2 . — 
PbH.;A";2aq. — Pb 3 H.A", 7 aq. - PbA"aq. — 

1 Pb 3 A"..(OH);.— MgA"5jii.i.-NiA"2aq.- KHA".— 

: R A"3aq. — AgA". — SrA"4aq. — ZnH;A" 24 aq. — 

I Zn30A";8aq. 

I Iso-alloxanlc acid 04 H,N;Oj. Obtained by the 
I action of alkalis upon the red substance got by 
I heating alloxan at 260° (L. Hardy, A. Gh. [4] 

I 2 , 372). A similar body may bo got by the 
! action of bromine-water on uric acid (Magnier 
I do la Source, Bl. [ 2 j 22 , 66 ). Its solution then 
; gives with baryta-water a splendid violet pp. of 
i baric iso-alloxanatc, which, however, when 
! exposed to moist air soon changes to colourless 
baric alloxanate. 

Salts. — (NH,);A" ; red powder : v. sol. water 
forming a purple solution, which gives with 
AgNO; an indigo blue pp., and with K;CO, a 
violet colour. 

ALLOXANTIN CJI.N.O; 3aq. 

(Liebig a. Wohler, A. 26, 262; Fritzsche, /. pr. 
14, 237). 

Formation. — 1. By action d! warm dilute 
HNO 3 on uric acid.- -2. By action of electrolysis 
or of reducing agents on alloxan [q. v.).— 3/By 
dissolving alloxan in a concentrated aqpeous 
solution of dialuric acid : + C 4 H 4 N; 04 « 

CJIiN^Oj-f H;0. — 4. By heating uranil gr am- 
monium thionurate with dilute H.SO 4 .— 6 . 
action of air on dialuric acid. — 6 . In the dccom* 
position of caffeine by chlorine. — 7. By heating 
a mixture of raalonic acid and urea with excess 
of pool, (Grimaux, G. R. 87, 752 ; 88 , 8 ^.- 8 . 
By the prolonged action of H^S upon di-bromo- 
barbituric acid (G.), 

Properties.— Small oblique rhombio prismi» 





Redd^fi Htmnt. y. tU to), cold mieri OWeB 
irith baryta-watet a violet pp. Eoduoes AgNO,. 

Heaciions,^-!, At 170" gives hydurilic acid, 
ox^c acid, COjj, CO, and NH,. — 2. Oxidation 
gives alloxan. — 3. BeduUion forms dialurio 
acid. — 4. Ammonia gas turns it red, forming 
mnrexide. — 5. Aqueous ammonia ionm a purple 
solution, long boiling ^bleajhes it, urariil being 
formed. This is then converted into murexido 
by atmospheric oxidation.— 6. The purple pp. 
produced by baryta-water disappears on boiling, 
baric alloxanato and dialurate being formed. 

ALLOTS, — The word alloy was originally 
employed to designate the product obtained by 
mixing gold or silver with other metals ; its ap- 
ilication is now general, all mixtures or com- 
lunds of metals with each other being named 
loys, except those containing mercury, which 
ire termed ‘ amalgams.’ For a detailed dcscrip- 
;ion of special alloys, reference must bo made 
:o one of the constituent metals ; only the 
general properties of the alloys will be here 
considered. 

On melting two metals together, or on melt- 
ng one and adding the other, complete assimi- 
ation takes place in some cases and not in 
thers. Thus, silver easily mixes or alloys with 
[old, copper, or lead ; but neither silver nor 
sopper can be readily induced to unite with 
iron. In the cases of those metals which do not 
completely mix when melted together it usually 
happens that a small quantity of one is taken 
up by the other; thus, Faraday and Stodart 
found that iron is able to absorb r^oth of its 
weight ©(silver witli production of a homogeneous 
alloy, the properties of which arc considerably dif- 
ferent from those of iron ; but that if more silver 
than Tooth of the mass of the iron is present, the 
greater part of the silver separates during cooling, 
and that which remains can be detected by the 
microscope. If silver is melted with addition of 
a small quantity of iron, the latter metal alloys 
to some extent; but it is impossible to obtain 
mixtures of these metals in any desired propor- 
tion. On the other hand, silver and copper, or j excess of one or oilier meial. Such mixtures 
silver and gold, form alloys in which the proper- i are placed by Matthiessen in a class by them- 


class (l)i wto slloyi4;^ M 
produots the conducting powers of which for 
heat and for electricity are proportional to tbs 
relative quantities by volume of the oonstttuent 
metals ; but that this is not the case with alloys 
of tl|e metals of class (1) with those of class ^2h 
nor with the alloys of metals of class (2) witli 
each other. As regards conductivity for heat 
and for electricity, Wiedemann and Franz have 
added to our knowledge by sliowing that the 
conducting powers of metals and their alloys for 
heat vary in a similar manner to that in which 
their conductivity for electricity varies. This 
statement has been confirmed and amplified by 
Sundall. 

Mattliiesscn regards alloys of the metals of 
class (1) as solidified solutions of one metal in 
the other ; but supposes that metals of class p) 
enter into alloys in an allotropic form ; and no 
further supposes that when metals are alloyed 
together one or more of the metals may undergo 
allotropic change. Thus, ho regards as solidified 
solutions of the metals, alloys of lead with tin, 
cadmium with tin, zinc with tin, cadmium with 
lead, zinc with cadmium, and zinc with lead. 
He supposes that in the alloys of lead or tin 
with bismuth, tin or zinc with copper or with 
silver, one metal is dissolved in an allotropic 
modification of tlie other ; and that in alloys of 
bismuth with gold or silver, palladium or plati- 
num with silver, or of gold with copper or 
silver, both metals exist in allotropic forms. 
Malthiessen does not, however, ignore the fact 
that certain alloys contain their constituent 
metals in simple atomic proportions ; for ex- 
ample, the alloys whose composition may be 
cx])ressed by the formulte AnSn^, AuSnj, and 
Au^Sn; but he regards alloys ofr intermediate 
composition as solidified solutions of such de- 
finite compounds in each other. It is knoTMi 
that zinc will not alloy with more than 1’2 p.c. of 
lead, nor will lead alloy witli more than 1*6 p.c. 
of zinc; yet, by stirring, it is possible to ob- 
tain mechanical mixtures of sucli alloys with 


tion of the two metals may bo varied at will. 

The physical properties of alloys are in some 
cases nearly the me an of those of their con- 
stituent metals; but in other cases a wide 
difference is ol^servable between the properties 
of the alloy and the properties of the metals 
which have been used to form it. Matthiessen, 
to whom we owe most of our knowletlge of the 


I selves. i\Io3t of the alloys of silver and copper 
with each other are regarded by him as mixtures 
of various solidified solutions. The hypothesis 
of the existence in an alloy of one of the con- 
stituent metals in an allotropic form has re- 
ceived a certain degree of confirmation from 
experiments l»y Deville and Debray, who have 
observed that the iridium sojuirated by the action 


properties of alloys, divides all metals into two i of an acid on an alloy of that metal with zino 
classes : (1) those which impart to an alloy their ' explodc.s when heat* d to 300 ’, and is olianged by 


own physical properties, to a lessorgreaP r degr . 
according to tht;' proportion in wl»ieh they theni- 
Bclve.s exist in the alloy ; avd (2j those which do 
not come under class (1). To the first class 
belong the metals lead, tin, zinc, and cadmium ; 
and to the secojid, in all probability, the other 
metalj. The alloys themselves may also be 
divided into three groups : {a) those made of tlie 
metals belonging to class (1), (6) those made of 
metals of class (1) with class (2) ; and (c) those 
made of class (2) wdth one another. This classi- 
ilcatilin is largely based on the relative conduc- 
tivity for electricity of the metals and of the 
alloys which they form with each other. 
Afattb lessen found that the metals placed in 


the explosion into ordinary iridium. Wiedemann 
j lias suggested that the o?Mti'action of alloys after 
solitlifieaiion, which sometimes goes on for daySi 
is duo to the gradual occurrence of an allotropic 
change in *1110 constituent metals, one modifica- 
tion being stable at high, and the other at low, 
temperatures. If the hypothesis of the occurrence 
of allotropic change during tho formation of cer- 
tain alloys is tenable, it is remarkable that such 
allotropic modifications of metals should bo pro- 
ducible by pressure; for Spring has succeeded 
in prodacing Wood’s alloy (containiffg bismutlt^ 
cadmium, and tin), and also brass, btlt the iaitof 
only partially, by exposing mixtures of thekOCtilk 
in fine povfder to very high pressores. 
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inilo^ beive^' ft^dyB ana itoiutions. It is well 
known that the conductivity oi water for elec- 
tricity is nearly &il» but becomes considerable 
when the minutest trace of 'any salt is dissolved 
in it. Similarly, the conductivity of copper is 
greatly diminished by the admixture witlj it of 
minute quantities of other metals. Moreover, 
in many other cases a great modification is pro- 
duced in the tenacity, malleability, Ac., of metals 
by very small additions of foreign substances; 
as, for example, by the addition of small quan- 
tities of carbon, silicon, sulphur, or phosphorus, 
to iron, of phosphorus to copper, or of mag- 
nesium to nickel. And just as an aqueous 
solution of a salt must be heated to a tempera- 
ture higher than that of the boiling-point of 
water before tlie whole of the water is removed, 
so it has been found that alloys of zinc, sodium, 
mercury, Ac., must be heated to temperatures 
above those at which these metals volatilise 
before the metals in question are entirely re- 
moved from the alloys. The analogy between 
alloys and solutions has been strikingly shown 
by Guthrie. This physicist has found that that 
alloy of two metals wliich has the lowest melting- 
point does not cojitain the metals in atomic pro- 
portion, but is strikingly similar to an ‘alloy’ j 
of two salts, such as that of nitrate of potassium ' 
and nitrate of lead. Alloys were obtained by | 
him of bismuth and zinc (]3i“92‘85 p.c. ! 
Zu = 7T5 p.c.), melting at 218°; of bismuth and | 
tin (Ci~4(M p.c. {50^=53*9 p.c.), melting at 
133°; of bismuth and lead (13i = 65*.')8 p.c. 
Pb = 4 1-42 p.c.), molting at 122*7° ; and of bismuth 
and cadmium (Bi = /)9*19 p.c. Cd = 40*81 p.c.), 
melting at 144°. None of these alloys contains 
the met<als in the proportion of their atoinio 
weights, and the melting-point of each alloy is 
the lowest of all possible alloys of the specified 
pair of metals. Such alloys are termed by 
Guthrie eutectic alloys ; they appear to be in 
some sense solidified solutions, resembling oryo- 
hydrates. Wc are still igi^prant of the true 
nature of such mixtures, if mixtures they be. 

Spring (/?. 16, 695) has prcpare<l several 
alloys by subjecting mixtures of the constituent 
metals to pressures of about 7,000 atmos. In 
this way lie obtained brass, Wood’s alloy (iJi, 
Cd, and Sn), and Hose’s alloy (Hi, Pb, and Sn). 

References. — Matthiessen, B. A. 1803, 37; 
and C, J. Trans. 18G7, 201 ; also P. R. L March 
20th, 1808. Deville and Debray, C.R. 91, 1667. | 
Spring, B. 15, 596. Wiedemann, W, 3, 237-260. j 
Crookewit, A. 08, 290. Fiirstenbach, Baiierisches 
Industrie- und Gewerbehlatt, 1809. SnnJall, 
A. Ch. 110, 141. Craee-Calvcrt a. Jolinson, A. \ 
Ch. 46, 464. Guthri^ P. M. June, 1884. i 
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ALLURANIC ACID C,H,N^O, (?). Formed 
by evaporating an aqueous solutioji of etiuiva- 
lent quantlities of urea and alloxan (Mulder, J3. 
0,1012). Crystals ; si. sol. water. AgA'2aq. 

ALLYL.— The radicle CH,:C1I.CH, is c.alled 
Allyl, the isomcrio radicle CHj.CU;CH being 
termed Propenyl. 

DI.ALLYLCJI,„i.c.CH,:CH.OH,.OH,.CH:CH,. 

Jlex^ene. Mol. w. 82. (59*3°) ai 709 miu. 
(B. Sohifli A. 220, 91) ; (69*6°) (Zander, A. 214, 
148). S.O. -6983 ; ( *7074 (Z.) ; *688 (Briihl). 


OJI. iOMO^) -001881 (ll-9°-69*8n 00168 . 
S.V. m-8 (S.h 125-7 (Z.). V.D. 2-84 (for 2-84), 
H.F.p. - 9260. H.P.v. - 11680 (Thomsen). 
ii 0 1-4079. Bqo 46*99 (BJ. Critical temperature 
234-4°. /) 

Ponnation.—l. from allyl iodide and Na 
(Berthelot a. de Luca, A. 100, 301), an alloy of 
sodiinn and tin (Wurtz a. Leclanch6, A. Ch. [4] 
3, 166), or iron (Linnomann, Bl. [2J 7, 424). — 
2. J)y liealing mercury allyl iodide, IHgCaHi. 
alone (Ijinnemann, A. 140, 180) or with aqueous 
KCy (Oppcnheini, P..4, 072). 

Relictions. — 1. Oxidised by chrorlkc acid 
mixture gives carbonic and acetic acids. — 2. 
Oxidised by KMnO^ in neutral solution gives 
CO., acetic, oxalic, and succinic acids. ~ 3. 
Oxidised by KMnOa in acid solution gives COjj, 
acetic acid, and succinic acid (E. Sorokin, /. or. 
131, 1). 

Consiitutioyi.--- T\\(i formation of acetic acid 
by oxidation of di-allyl seems to favour the 
formula CIIj.CHiCH.ciLCH.CHa ; while the for- 
matioii of succinic acid is more in accordance 
with the formula CH,:CII.CH,.CH 2 .CH:CH,, a 
formula that is further sui)portod by the con- 
version of di-allyl into diqiropargyl. The oxah'o 
acid may be supposed to be formed by oxidation 
of the succinic acid. Acetic acid may be con- 
sidered to bo formed from intermediate hydrates* 
CH, CII(OH).CHo.CH...CH:CH, 
and Cn 3 .Cli(OH).CII,.CH,.CH(OII).CH,. 
Tlieso bodies do, in fact, yield acetic acid when 
oxidised. According to SabanoefI {J. R. 1885, 
36) di-allyl forms two ietrabroraides and must 
therefore be a mixture two hydrocarbons. 

Com Oinat ions. — 1. When gaseous HI is passed 
into strongly cooled di-allvl, combination takes 
place, the product Cll 3 .CHI,CH^.Cll,.CHI.CH, 
being formed, v. louo-iinxwKs. — 2. A smaller 
quantity of HI forms liio mono-hydro-iodide, 
(105°), also formed from preceding by 
alcoholicKOlI (y.lono-HKXYLE.Ni:).— 3. Similarly, 
fuming HCl forms two hydroclilorides, — 4. 
IIOCl forms CJi,.,(TIOCl),, di-chloro-di-oxy- 
hexane {q. v.). — 5. Br forms tetra-bromo-hexane. 

ALLYL ACETATE C,H,0.. i.e. CJIjCJIjO... 
Mol.w. 100. (103°-103*5°) at 736 mm.(li. Schiff, 
A. 220, 109), S.G. *0270 (Bruhl). S.V. 121-37 
(S.). MS 1*4100. 42*21 (B.). 

ALLYL-ACETIC ACID 

C,H ,02 i.c. CH.:CH.CH,.crL.CO,n. Penfenok 
acid. (185°-188° cor.). S.G. *9806; « 
•9842; *9767. M.M. 0-120 at 14° (Perkin, 

0. J. 49, 211). Prepared by heating allyl- 
malonic acid (Conrad a. BisnliofT, B. 13, 598) or 
from allyl-aceto-acetic ether (Zoidior, B. 8, 1036). 
Combines with Bn or HBr. Not reduced by 
sodium-amalqam. Oxidised by chromic acid 
to succinic and formic acids. • 

rSalts. — KA' : scales ; v. sol. water ; solution 
not ppd. by Fc.Glg. — CaA'.^ 2aq. : laminin,— 
Ba.V'., 2aq.— AgA' (Messersebmidt, A, 208, 92), 
Ether.— EtA': (142-’-144°). * 

DI-ALLYL-ACETIC ACID C„H, .0., 
(C..H,)..CH.CO.,H. OctinokacM. (220°)'o.a.B.)j 
(218-^-222°) (H.) ; (224°-226°) (B.) ; (227° cor,), 
S.G. *9570 *. 1? -9555 ; p *9491. M.M. 10-344 
at 10*4° (Perkin, G. J. 49, 212). 

Formnlian.- Prom di-allyl-accto-aceiio ether 
(Wolff, A. 201, 49; Beboul, Dl. [2] 29, 228j or 
from di-allyl-malonic acid (Conrad a. Bisi^ofi, 







Bi Ut €08)* Ifroipoi jiodd*di>aUyl4oe^ Aold 
(9. hf teixMfm (Sobat^i Jl k 17» 79). 

Praper^ies. ~ on, of disagreeable odoar. 
insol. water. Volatile mth steam. 

Reactions. — 1. Cono\HBr foms, probably, 
an addition product (CH35C!HBr.CH,)2CH.CO,H 
which instantly splits off IIBr forming 

CH,.CHBr.CH3XJHC ' I 
^-CO.O 

Vo Bromo-oxy-octoic acid (Iljelt, A, 216, 73). — 
2. Br in CHCl, forms, jirobably, an addition 
compound, (CH,Br.CHBr.CrL),CH.CO,H, but 
this instantly splits up into HBr and a lactone 
.CH...CH.CH..Br 
CH,Br.CHBr.CH.,.CH< “ | 

\ CO.O 

0. TW-bromo-oxy-octoic acid. 

—8. HNO3 (S-0 1-3) forms tri-carballylio acid 
(W.). 

Salts. — CaA',.2aq : leaflets.— AgA'. S. *41 at 
16®. Ether.— EtA' (195®) (H.). 

ALLYL-ACETO-ACETIC ETHER v. pp. 23, 25. 
ALLYL.ACETONE 
C,H,oO i.e. CIE:CH.CH,.CH.,.CO.CH, 

Methyl butenyl ketone. (129®). S.O. *834. 
From allyl-aceto-acetic other (Zeidler, A. 187,35). 
Unpleasant smell. Forms with NaHSO, an 
amorphous compound, CJIioO 2NaHS03 (0. 
Hofmann, A. 201, 81). Keduced by sodium- 
amalgam to hexenyl alcohol {q. v.). 
DI-ALLYL-ACETONE 
0311^9 i.e. (CaH JXH.CO.CHa. (175®). 

From di-allyl-aceto-acetic ether (Wolff, A, 
201, 47). 

ALLYL-ACETOFHEKOKE u. Phenyl butenyl 
ketone. 

ALLYL-ACETOXIM 

C«H„ON i.e. 0JI,.CH3.C(N.0H).CH, 

(188® corr.). Formed by the action of hydroxyla- I 
mine on allyl-acctone. Liquid. Soluble in alcohol, 
ether, benzene, CS.^, ligroine, acids, and alkalis. 


hbnrs in A soda-Wilis^ Mtte idf TO 

yield is exoelleht (NiederisV 4. i98, 859). - 
Preparation.-^Glyoerine (400 pts.) is slowly 
distilled with crystallised cxalic acid (100 pts.) 
and a little ammonio chloride (1 pt.), to con* 
vert any potassic oxalate into chloride. The 
receiver is changed at 190®, and the distilla- 
tion continued up to 260®. The distillate, 
containing aqueous allyl alcohol, allyl fonnate, 
acrolein, and glycerin, is rectified, dried, first 
with ICCO3, then over solid potash, and dis- 
tilled. It then boils at 90®, but when the last 
traces of water are removed by quicklime, it 
boils at 96°. TIio yield is one-fifth of the 
weight of oxalic acid used (Tollens a. Hen- 
ninger, Bl. [2] 9, 394; Briihl, A. 200, 174; 
Linnemann, B. 7, 854). 

Theory of the Process. — Carbonic acid is 
first evolved freely (at 130°), but formic acid 
which must be produced at the same time 
(ILC-^O, = CO3 + H3CO3) reacts upon glycerin, 
producing monoformin : C3H.(OH)3 + H^COj 
= H,0 4 C3H5(0H)3(0CII0). The monoformin 
can be extracted with ether, and boils about 
165® in vacuo. When distilled, monoformin 
splits up into allyl alcohol and carbonic acid: 

C,II, (OH),(OCIIO) = CO,, ^ H,,0 + C3TI,(0H) 
(Tollens, A. 156, 140). When a large quantity 
of oxalic acid is used, the excess of formic acid 
does not produce diformin, but comes off as 
formic acid {q. v.). 

Properties. —A pungent liquid, with a burning 
taste. It mixes with water, alcohol, and ether. 

Constitution — That allyl alcohol has the for- 
mula CH.,:Cn.CH.,OH and not CH,.CH;ClI.OH 
may be inferred from the fact that it yields 
no acetic acid when oxidised by nitric acid. 

A similar remark applies to allyl iodide (Kckul6 
a. Binne, B. 6, 386). 1 

Reactions. — 1. Chromic acid oxidises it to 
CO3 and formic acid ; no acrylic acid is formed, 
but a pungent odour, which may be due to 
acrolein, is observed (Hofmann a. Cahours, A. 


By aqueous acids it is resolved into its consti- ' 

tuents. It combines with bromine to form a ! i! 1" “ 1^' Iieated with ii.vcrtcd con- 

di-bromi<le (Na-eli, B. 16, 496). | <»«' 5 hours in a watcr-batli with erne 

ALLYL ALCOHOL ‘ dilute about 16 p.c. is reduced 

C,H.O t.c. CH.,:CH.Cir,OIf. [-50°]. (96-6°). p,, o 

8O <>.8706. -stTfi SV 7110 r i? /no onoi ; (Linnemann, B. 7, 802).— 8. 

® ’ iv5 o-V. 7419. C.E. (0 -20 ) . yolidpofns7i at 100®-150®, in a flask with in- 



more than one-fifth per cent. (Aronheim, B. 
7, 1881 ; Grodzki a. Krilmer, B. 7, 1492). 

Formatkni. — 1. Dry gaseous ammonia is 


passed into oxalate of allyl till a solid mass of I nina, J. R. 1885, i. 145). 


forming gelatinous potassic allylate.— 5. H.SO, 
forms (C3HJHS(),.-6. Dilute ILSO, or HCl at 
100® forms an aldehyde, C^H,oO (o. 137°) (Solo- 


oxamidc, saturatr-d witli allyl alcohol, is 
obtained. The latter is tjien distilled off 
(Zinin, A. 96, 362). — 2. Produced, together with 
isopropyl alcohol and acropinacone {q. u.), 
Vrhen acrolein is treated with zinc and hydro- 
chloric acid (Linnemann, A. Suppl. 8, 257).— 
8. By tlfe action of sodium on dichlorhydrin 
(Hiibner a. Miiller, Z. 6, 344). — 4. The two 
atoms of chlorine may also bo removed from 
dichlorhydrin by sodium-amalgam (Lourenvo, 
A. Ch. 63] 67, 323), or bv copper and potassic 
iodide (Swarts, Z. 1868,* 259).— 5. Allyl iodide 
(1 pt.) is heated with water (20 pts.) for 60 


Cofnbinatio7is.—l. Wifti chlorine it forma 
w-dichlorhydrin CH.,Cl.CIICl.CILOH {q. v.)— 

2. With bromine it forms a dibromide, called 
also dibromhydrin, CHJBr.CHBr.CH.,OH, (214°). 
60 grms. Br arc dissolved in 300 grms. CS.^ and 
dropped slowly (in 4 hours) into a solution of 
20 grms. of allyl alcohol in 100 grms. of CS^. 
The product is distilled in vacuo (Michael a. 
Norton, Am. 2, 16 ; compare Kekule, A. Suppl. 
1, 138; Markownikoff, J. 1864, 490). Linno- 
mann saysrfdiere are two bromides {B. 7^'850),— > 

3. When iodine is added to a solutiorf of allyl 
alcohol in CHCl,, it combines, and on evapora- 



0j^€tHX.0li^6H B^amtes m : 

Diliiie oonvertB. this into iodallyl alcohol 
i:i60^](mbnora.Iiellmann, 5. 14, 207).^. ICl 
unites, forming OsHfilO^OH) (Plenry, B. 3, 
851). -6. With cyanogen it unites, forming 
08H,(CN),(0H), (ISl^’) (Tollens, B. 5. 1045).-0. 
BaO combines, forming BaO,2C;,H^O. — 7. liClO 
unites, forming a little chlorhydrin {q. v.). — 8. 
Chloral combines with allyl alcohol ; tho com- 
pound, CCl3.CH(OH)(OC8ig [20-5°], (HC"), is 
analogous to chloral alcoholate (Oglialoro, G, 
4,4G3). 

DI.ALLYL.j}.AMIDO.BENZOIC ACID 

C.^H^NO, Le. (C3ig,N.C,H,.CO,TI [127°J. From 
allyl iodide and potassic j;-amido-bcnzoate 
(Michael a. Wing, A7n. 7, 198). 

Di-allyl-m-amido-benzoic acid [90°] (Griess, 

B. 5, 1041).--IIA'HClaq. 
DI-ALLYL-AMIDO-ETHYL ALCOHOL v. 

0XYI5TIIYL-DI-ALLYLAMINE. 

ALLYLAMINE C^H^N le. CILiCH.CH^.NH., 
Mol. w. 57. (5G°) (R. Hchilf, B. io, 505) ; (58°) 
(Oeser, A. 184, 7). S.G. *804 (0.) S.V. 78*38 
(S.). ILF.p.-1140. H.F.V.-2880. 

Fomiation.~\. From allyl cyanatc (Cahours 
a. Hofmann, A. 102, 301). — 2. From oil of 
mustard, Zn, and HCl (0.).— 3. From oil of 
mustard and cone. H^SO^ (Hofmann, B. 1, 182 ; 
Rinne, 108, 202). 

Properties. — Liquid with pungent ammoniacal 
odour. Miscible with water. Strong base. 
Dissolves ppd. Cu(OH)._, and Ag..O. 

Hcaciions* — 1. Combines with bromine. — 2. 
H,,SO, at 140° forms a compound which, on 
pouring into water, produces oxy-propyl-amino 

• Salts.— (B'lICl).jrtCl4 : monoclinic tables. 
Changed by boiling into (B'HCl).PtCl2 (Lieber- 
mann a. Paalf 2i.l0,030).— B'., iLS04(Andvcasch, 
M. 6, 33). 

Di-allyl-amine CJI„N i.e, (C,HJ„NH 
(111°) (Ladenburg, B. 14, 1879). 

Tri-allyl-amine C„H,j.N i.e. (CallJaN. 
(156° i.V.) S.G. g *8200. S.V. 200 3 (Zander). 

C. E. (0°-10°) *00103. Formed when tetra- 
allyl-ammonium hydroxide is distilled (C. a. H. ; 
Pinner, B. 12, 2051 ; Grosheintz, Bl. 31, .391). — 
B'nCl.-B',H,PtCg 

Tetra-aliyl-aramonium hydrate (C,H-),KOH ; 
liquid. — ((C3ig,NCl),PtCl4. — (C,ll ,) .NBr. — 
(CaHJ.NI. The three last are crystalline 
(C. a. H,). 

ALLYL-AMYL-AMINE CJI„N i.e. 

(C,H,)(C II„)NH. (c. 150°). S.G. *777. 
From amyl bromide and allyl-amino (Lieber- 
mann a. Baal, B. 10, 531). 

ALLYL AMYL OXIDE C,H„0 i.e. C.TT„.O.C,H, 
(120°) (Berthelot a. do Luca, A. Ch. [3j 48,292).^ 
ALLYL.ANILINE^C„H„N i.f. PhN(C8H.)H. 
(209°). S.G. M -982 (Schiff, A. Suppl 3, 301). 

Di-allyl-aniline C,JI,,^N i.e. PhN(C3ig.,. 
(244°). S.G. g *9680. S.V. 225*2* (Zander, i. 
214, 149). C. E. (0°-10°) *00083. 

ALLYL-BENZENEC„H,oi.c.Ph.CH;CH.Cll3(?) 
PJmiyl-ptroptjlene. Propenyl -benzene. Mol. w. 
118. (175°) (P.) ; (178°) (E.). S.G. *92. 

Foi'imtion. — 1. By-product in action of 
sodium-mnalgam on warm aqueous cinnamyl 
alcohol (Fittig a. Kriigcncr, B. 6, 214 ; Bugheimer, 

A. 172, 129).— 2. From propyl-benzene by Br at 
100° and distilling tho product (Radziszewski, 


% U63)! + 

DO* prepared it boils at (165®), and its di -bromide 
forms needles.— 3. From bromo-hydro-phenyl- 
crotonio acid (Pefkin, C. J, 32, 660).— 4. From 
chloro-propyl-benzene , Ind alcoholic potash 
(Errera, Q. 14, 504). | 

Di-bromido CJIioBr, [66*5°]. Plates or 
needles. On distillation it yields an allyl- 
bcnzeiie (178°), which polymerises forming a 
viscid solid (330°). 

Iso-allyl-benzene Ph.CIL.CH:CH.(?) (155°). 
Chojnaeki (C. /?. 76, 1113) got this body frc«n 
allyl iodide or bromide, benzene, and zinc'dust at 
100°. Others have failed to get it. Ally! 
chloride, benzcjie, and AhCl^ give di-pbcnyl pro- 
j)ane, CHy.CHPh.CILPh, and n-propyl-benzene 
\q. V.) (Wispok a. Zuber, A. 218, 376). 

ALLYL BENZOATE v. Benzoic acid. 

ALLYL.BENZOYL -ACETIC ACID C,.>H,.0, 
i.c.B2CH(Cjr)CO,H [122°-125°]. From benzo'yl- 
acetic ether, NaOEt, and allyl iodide. The result- 
ing ether is saponified by standing for three 
weeks with dilute alcoholic KOIl (W. H. Perkin, 
jun., C. tT^. 45, 186 ; 47,240). Colourless crystals. 

iifmcfion.— Boiled with dilute alcoholic KOH 
forms phenyl butenyl ketone {q. v.), benzoic acid 
and (probably) allyl-acetic acid. 

Ether.-KtA' (220 ) at 100 mm. ; (241°) at 
225 mm. Combines with Br. 

ALLYL BORATE C^H.^BOj i.e. (CsHO^BO:, 
(108°-175°). From B^Oj and allyl alcohol at 
1.30° (Councler, J. pr. [2J 18, 376). Combines 
with bromine, forming (C^lLBr^iBOj. 

ALLYL BROMIDE CaH^Br 6’CH..:CH.CH Br 
(71°). S.G. g 1*459 ; 15 1.436. * S.V. 9b*& 
(Zander, A. 214, 144). C E.(0°-1C)°) *00123. 
H.F.p. -310 ; H.F.V. -1600. 

Forvmtion.—l. From ulljl alcohol, bromine, 
and phosphorus (Tollens, A. 156, 1521.— 2. Fronx 
glycerine and PBrj (Henry, Z. [2] 6, 575).— 

3. From allyl iodide and cupric bromide; 
2C3HJI + 2CuBr.^ Br^ + Cu^I^ v 2C3n4Br (Oppen- 
heim, B. 3, 442). 

Potassic biomide, hydric sul- 
I)hate (2 pts.), and water (1 pt.) are warmed til) 
hydric bromide begins to como off. Allyl alcohol 
is then dropped in (Grosheintz, Bl. 30, 96). 

Combinations.— \. With concentrated hydric 
bromide forms a mixture of propylene bromide 
(CH.,.CHBr.CII..Br) and trimethylene bromide 
(ClLBr.CHo.CILBr) which may be separated by 
distillation (Geromont, A. 158, 369).— 2. With 
dry HBr it forms chiefly trimetliylene bromide 
{q. t’,),— 3. With bromine it forms tribromhydrii> 
(7. v.).-4. With ICl it forms CaH.IClBr.-Sw 
With ClBr at 20° forms C;,H,ClBr.^, but at 100® 
forms C.,ll,C4Br (M. Simpson, Pr. 27, 119). — 

6. With llClO it produces C,IIj(OH)BrCl,— 

7. It combines with NEtj. • 

ALLYL BUTYRATE v. Butyric acid. 

ALLYL-ISO-BUTYL-MALONIC ETHER 

C,4H,,0, i.e. (C8HJC(C4HA(CO,Et), (247°-250°). 
From di-sodio-malonic ether, allyl iodide, and 
iso-butyl iodide (Ballo, B. 14, 335). On saponi- 
fication it gives an acid [129°] which appears ta 
bo propyl- iso-butyl -malonio acid. 

ALLYL CARBAMINE C^HjN i.e. 
CH,:CII.CH2.1sC (96°-106°). S.G. H -794 
Produced by the action of silver cyanide on allyl 
: iodide. It is a liquid of disagreeable odour 
Somewhat soluble in water (Licke. A. 112, 316V 



U cja„(0HWV^rom^C10 an^iSiyi 

(Praybytac, JS. 18, 1860; Lauch, B. 18, 2288). 

AI.LT1 CH1.0BIDE AH.Clt.*. CU,:CH.CH,C1 
(46®) (Thorpe); (44*6°) if; 744 ram. (Briihl). 
S.G. g *9547 ; ^ *9379 (Bruhl). C.E. (O’-IO") 
•00137. S.V. 84-7 (Zander). S.II. 'imi 
(Beis). fi 0 1-4225. Rqo •'^203 (Briihl). 
H.F.p. 7100. H.F.v.«69#). M.M. C008 at 
19-6®. 

Fortnation, — 1. From allyl iodide and HgCLj. 

2. From allyl oxalate, calcic chloride, and 
alcohol (Oppenhoim, A. 140, 205).— 3. From 
*allyl alcohol and HCl in scaled tubes. 

Preparation.- Yi'om allyl alcohol and PCI3 
(Tollens, A. 150, 154). 

Properties. — 1. Alcoholic piolash^ oven below 
100®, converts it into ethyl allyl oxide. The 
isomeric chloroproj^ylene (2()“) is converted by 
alcoholic potash at 120® into allylene. —2. HClO 
unites, formin<,^ unsymmetrical diclilorhydrin, 
OHXl.CHCl.CILOH, or dichloride of allyl alcohol. 
This body, when oxidised by IINO3, is converted 
into dichloropropionic acid (Henry, B. 7, 757). — 

3. HCl combines, forming CH,.CJIC1.CH,C1.— 

4. HBr forms CH.Br.CH ...CH.Cl, together 
with a little Cir,.CHBr.CH,Cl.-5. Warmed 
with H.SO4 and then diluted and distilled, 
propylene chlorhydrin is produced (Oppen- 
heim, A. Suppl. 0, 307). — 6. Bromine com- 
bines, forming CJl^Cl.Br.^,— 7. With potassic 
cyanide in presence of dilute alcohol it forms I 
chiefly pyrotartaric acid, also propylene cyanide : 
(Claus, A. 101, 08) and triallylamine (Pinner, i 
B. 12, 2053). The reactions in this case are : (n) 
CH./.CH.CH .Cl + KCN - KCl + CfL:CH.ClI..CN. 

(b) CH.:ClI.CH..CN HCN - CH,.Cri(CN).CH.CN 

(c) CH3.CH{CN).CH.,CN f 2KOn + 211,0 - 
2NH3 + CH3.CH(CO,,k),CH.,.CO.,K (pyrotartrate). 
The liberated ammonia forms the triallylamine. 
8. With benzcnCf in presence of aluminium 
chloride, forms diphenyl propane : C3 H.CI h 2CJI^ 
«HC1 + (CeHJ,.C,n, (Silva. C.U. 89, OOi,). 

ALLYL-PSEUDO-CUMYL-PHTHAL-AMIDE. 
0.,,H^,NA»^«-C,H,Me3.NlI.C0.CJI,.CX3.^Hia,n5. 
[179°j. Silky needles, Easily soluble in alcohol. 
Formed by the action of allylamine on phthal- 
pseudo-cumidine (Frolilich, B. 17, 1808). 

AILYL CYANAMIDE 

0,HAia9- t.e. (CN.NIIC.JIJx. Shiaminc 
[100®]. From allyl-thio-nrca and Pb(OJJ).^ 
or HgO. (Will, A. 52, 15 ; Andn asch, M. 2, 
780; llobiquet a. Bussy, J.pr. 19,231). Alka- 
line. Sol. water, alcohol, and ether. Forms 
compounds with fIgCl.,, ’,l*tCI„ ami oxalic acid. 

ALLYE CYANATE CjI.NO Ic. Cjr,N.C;o. 
Allyl carbimidc. (82®). V.D. 3*05 (for 2-88). From 
allyl iodide and «alver cyanato (Cahours a. Ilof- 
manOt Tr. 1857, 555). ^ 

ilLYL CYANIDE C,H,N i.e. CH,:CH.CIf ,CN. 
Crptonitrile. Mol. vv. 67. (119® cor.). S.G.^-8491; 
*15-8351; ‘a:**: -8398. 

Fonmtion.- 1. By ppg. potassio myronato 
({. o.) ^ith silver nitrate and treating tlie pp. 
with hydric sulphide CJI,,Ag,N.S.,,0^-t H,S = 
O4H3N + Agjl + S 8 HjSO,. — 2. During the fermen- 
tation of bliick mustard.- 3. I"rom allylmuatard 
oil by zjuc dust : C.J[^NC»S ^ Zn - ZnS + CjH.CN 
(Schwarz, B. 15, 2508).— 4. Fmin allyl 
lulpliocyanlde aiiKl sckIIuiu (Biliotcir, D. 8, 405). 


BCy fe two at 

washed, dried. tuM heated again with KOy at 
110®. It is then washed, dried over CaOl„ dis- 
tilled, freed from oarbamine by shaking with a 
little HNO3, and rectiflod (Uinno a. Tollens, 
A. 1^, lOG), 

iroperto.— Liquid smelling faintly of garlic. 

Rcaction.s.—l. Aqueous or alcoholic poias/i 
forms NH3, and solid crotonio acid [72°] . The 
formation of this crotonicacid may bo explained 
by the assumption that /5J-oxy butyrate is first 
formed: CH..:CH.CH.,CN + KOII + 2ILO- 
NH, + CIl3.ClI(OH).CH.,.CO..K, and that 'this 
splits off water: Cir3.Cil(OH).CH,.CO.,K« 
11,0 + CH3.CH:CH.C0,K, forming potassio 
ciotonate. This view is support, o(i by tlie be- 
haviour of allyl cyanide towards HCl. — 2. With 
fuming lufdric chloride at GD® it forms j3-chloro- 
butvric acid: CH.:CH.CH...CN + 2IIC1 + 2FLO« 
NH.Cl + CHa.CTICl.ClL.CO.JL This is an' un- 
stable acid, which easily changes to crotonio 
acid. —3. UNO., forms acetic and oxalic acids.— 
4. CrO, forms acetic achl. 

Combinations. — 1. With alcohol. When 
potassio cyanide acts on ally] iodide in alcoholio 
solution, a compound of allyl cyanide and 
alcohol, of boiling point (174®), is obt.ained: 
CH,:CH.CH,CN . llOEt- CJI,.Cn(OEt).CJt.CN. 
Saponified by strojig IICl, this forms ethoxy- 
butyramide. CH3.CH(OEt).Cr[,.CONH, [71®J, 
wliich, when warmed with HCl, gives ethoxy- 
butyric acid, Cll3.CH(OEt).CH ,.CO,H, boiling 
about 215°. Saponified by jiolash, the com- 
pound of allyl cyanide and alcoliol ()3-etlioxy. 
hutvronitrilc) gives ordinary crotonio aeid as 
follows : Cir,.CH(OEt).CH.,’.CN + Kl)H4 H,0« 
NH3+ HOEt + CH.,.CII:CII.CO.,K (Binne, B. 
G, 389). Dry hydrogen chloride /•onverts tho 
compound of allyl cyaTiide and aleoliol into 
the cliloride of jS-chlorobutyiiiiiid-fther (IGG®), 
CH3.CllCl,CIL.C(OKl;Xll. This last compound 
is convortcil by alcoholic potash into crotonio 
acid (Pinner, B. 17, 2007). 

2. With allylahcohvl. A siinilnr comi)Ound, 
CIl3.CH(OC3HJ.CH,,CN (90®), is formed when KCy 
acts on allyl chloride mixed with allyl alcohol. 

ConstliuLion.--Vmn\ its mode of preparation, 
allyl cyanide ought to bo CIL:CH.CI1,.CN, but 
from its reaction with potasli it should be the 
nitrile of ordinary crotonicacid CIIa.ClPCH.CN. 
From the fact tliat allyl cyanide and crotonio 
acid both produce acetic acid on oxidation, while 
allyl iodide and allyl alcohol yield no acetio 
acid, Kekule assumes the presence of a methyl 
group in the two former and its absence in the 
two last named (B. G, 38G). This reasoning 
seemed conclusive until tho experiments of 
Pinner, mentioned abov^, showed that, when 
the cyanide is converted into crotonic acid by 
hydiic chloride, an intermediate compouna 
/■i-chlorobutyric acid) is produced, and it is 
tliereforo possible that when nitric or chromio 
acid is used, an unstable derivative of butyrio , 
acid (say, /3-oxybutyric acid) is first formed, and 
that it is this which gives acetic acid on oxida- 
tion. 

ALLYLENE U. Me.CtCH. ^ MctfvyU 

acctylene.%l*ropvnene. Mol w. 40. 8. (otiier) SOal 
IG®. H.F.p. -39950 (Thomsen); -87500 (Ber. 
theloL). n.F.v. - 41530 (Th.). 



iwtifti) oii^QiioHc iiaO 
tpon\>romp<propyldne (Sawitsoli. C. ii. 62, 899), 
cfiloro*jrQpylene, or propylene bromide (Mias- 
nikolj, A, 118, 832). — 2. By the action of Na 
tipon CHj,.CCl.,.CHCl, (Borscho a. Fittig, A. 133, 
111), CH,C1.CC1...CH,C1, or CH..:CCI.CH Cl 
(Pfeffera. Fittig, A. 135, 357).-3. By electro- 
lysig of calcium mcsaconate or citracouate (Aar- 
laud, J.jpr. [2J 7, 142). — 4. By heating (citru-) 
bromo-pyrotartario anhydride with airimoriiacal 
AgNO^Aq at (E. Bourgoin, C. E. 85, 710). 
Colourless gas, with unpleasant smell; burns 
with smoky llame. V. sol. alcohol, sol. water. 

Ecactions. — 1. Ammoniacal cuproiis chloride 
gives a canary coloured pp. — 2. Absorbed by 
qono. much more readily than acetylene, 

allylene sulphonic acid, CJIj,SO.Jl, being 
produced. An aqueous solution of this acid, 
when heated, yields inesitylene and acetone 
(A. Schroke, B. 8, 17, 307). — 3. Aqueous vu^r- 
curic salts form pps. containing the mercuric 
salt, HgO, and allylene. These pps. arc de- 
composed by acids with formation of acetone 
(KutscherolT, B. 14, 1641; J. E. 1882, 320).- 

4. KMnO,Aq forms, in the cold, malonic, oxalic, 
and formic acids (Berthelot, A. SuppL 5, 97). — 

5. CrOjAq forms propionic acid (Berthelot, A. 
Suppl 8, 47). 

Metallic Derivatives. — CHa.C-CNa : 
white powder, decomposed by water into NaOH 
and allylene (Berthelot, A. Gh. [4] 9, 395 ; J. 72. 12, 
288). — (C3ll.d,.Hg: crystalline pp. formed by 
passing allylene into Kessler’s solution (Kut- 
seherotT, B. 17, 25). 

Combinations. ~1. Cold fuming llCl forms 
CH3.CCla.cn., ; HBr, and III act similarly.~2. 
Bromine forms di-bromo-propyleno (q. v.) and 
tetra-bromo-propane (q. v.). Iodine acts simi- 
larly. * 

Iso-allylone CII,,:C:CH,,. 1. Formed by 

electrolysis of polassic itaconate (A.). — 2. By 
the action of sodium on di-ohloro-propylenc, 
CIIChCH.CII.XM (from symmetrical tri-chlorhy- 
drin, Hartenstoin, J.pr. [2] C, 295). 

Properties. — A gas that does not pp. ara- 
moniacal silver or cuprous solutions. Forms a 
tetrabromido. 

Di-allylene C,n, or CH :CH.CH.>.CH,.C:C1I 
Allyl-allulene {70^). S.G. i*? •868. V.l). 2*79 (for 
2'7()). Allyl-acetone is converted by PCI:, into 
C:,H,.CH,.CCl,.Cir„ which is converted by 
alcoholic KOli into di-allyleno (L. Henry, C. E. 
87, 171). 

Ecactions.— 1. Aqueous silver nilrale gives a 
pp. CJI^Ag aq. — 2. Ammoniacal cuprous chlo- 
ride gives a canary -yellow pp. C„iI;Cii aq. 3. 
Alcoholic AgNOg gives a pp. CrtlhAgKtOH. — 
4 . Bromine forms C,, H^r,. 

lao-allylene tetra-carboxylic acid v. Puopane 
TBTRA-CA imoxvIJC ACID. 

ALLYLENE DI-CHLORIDE v. ,Di-ciiloiio- 

PROPYLENE. 

ALLYLENE OXIDE CJI.O ((>3°). Formed 
by oxidising allylene with CrOaAq (Berthelot, 
Bll 14, 110). Pungent neutral liquid. Not 
attacked by baryta-water at 150^^ or by KOHAq 
at 300^. Reduces AgNOjAq. 

ALLYl ETHANE v. Pentinenbi. 

ALLYL ETHER v. Allyl oxide. 

ALLYL ETHYL OXIDE v . Ethyl allyl 

OXtLlBi 


< jb^l-AtXTL HYDRATE fi^XBiTYL iLOdnoi. 
DI-AUtl-DI-HYDRATEi;. Dz oxy-hexanb. 

ALLTLIN V . Gltobbik. 

ALLYL IODIDE U: CH,:CH.OH3l 

(102-7° i. V.). S.G. § >-8696. C.E. *00106. 

5. V. 100-9 (Zander, A. ^4, 146) ; V. D. 5-77 (obs.). 

Formation. — 1. Allyl alcohol, P, and iodine 
(Tollens, Bl. f2j 9, 396). — 2. Glycerin and PI, 
(Berthelot a. do Luce, A, Gh. [3j 43, 257).— 3. 
Glycerin distilled with hydriodic acid; excess 
of the latter is to be avoided, as it would con- 
vert the allyl iodide into isojjropyl iodide : 

CH..;OH.cH.i+2Hi- cii,.cnr.crLi f HI- 

Cir..CH:CH., + 1, + 11 1 - Cll3.CHI.CH3 + 13 
(Erlenmcyer, A. 139, 211).— 4. From allyl chlo- 
ride and calcic iodide (llomburgh, E, 1, 151 ; 
Spindler, A. 231, 270). 

Preparation . — 200 gnus, of glycerin, pre- 
viously dried by heating to 280°, are mixed with 
125 grms. of iodine. The tubulus of the' retort 
is connected by a flexible tubo with a flask con- 
taining 40 grms. of clear pho.sphorus in small 
Ijieccs; this flask has also a side tube through . 
which carbonic acid is passed until the air is 
cleared out of the entire apparatus. The clear 
phosphorus is added to tlio contents of the re- 
tort by tilting the flask from time to time. Allyl 
iodide distils over rapidly. Tlie addition of 
phosphorus takes about 2.^ hours. The distilla- 
tion is then continued until the contents of the 
retort begin to carbonise and vapours of acrolein 
are given off. The distillate is washed with 
dilute NaOH, dried over CaCI.,, and rectified. 
Yield 110 grms. (98^ 102°). 

Theory of the Process. ■■ It is usually held 
that triiodhydrin is first formed : 

CH..(OH).CII(OH).ClL(()H) + P + 1, = 

H3p63-sCTI,J.CTII.CIU, 
and that this splits up into iodinr and allyl 
iodide ; CH J.CllI.CH ,I - 1, + CH, ; CH.CH.J, 
But the fact that allyl alcohol accomjianies the 
allyl iodide renders it quite likely that the in- 
termediate body is diiodliydrin : 

CH,I.CHI.CH,OH = I, + Cn,:CH.CH,OH. 

The allyl alcohol formed in this way being con- 
verted into iodide by HI (Henry, B. 11, 403). 

Ecactions.—!. Zinc and HCl reduce it to 
propylene. — 2. Salts of silver form silver iodide 
and salts of allyl. — 3. Dry hydric iodide converts 
it into isoproijyl iodide (Simpson, Pr. 12, 533). 
4. Witli zinc ethyl at 100° it forms amylene, 
pentane, and diallyl (Wurtz, G. E. 66, 387). — 

6. With cacodylli reacts thus : AsAlCj + 203,1 • 
AsMc,I + As^io.,(C3H,),l (Cahoiirs, A. Gh. [.3] 62, 
291). -'0. With dry copper zinc couple, at 100° it 
forms diallyl : 2C3H5I+ Zn = Znl, 8 (CjHj),, — 7. 
With tvet copper-zine couple it forms propylene : 
C3H ,I -1 ] 1,0 H Zn = IZnOH + CsH,.— 8. With zim 
and alcohol (S.G. -805) it also%rms propylene 
(Gladstone a. Triftc, C. J. 27, 208). — 9. With 
HgBr., at 200° it gives Hgl,,, IIBr and propane 
(Montgolfier a. Girand, B. 12, 1211). — 10. Seated 
at 100° for a long time with water it forms allyl 
alcohol {q. u.).— 11. With KGN and alcohol it 
forms a di-cyanide which, when boiled wim KOH, 
jiroducos potassiepyrotartrate (Claus, A. 191, 38), 

Combinations . — 1. With chloride of iodine it 
unites, forming C^HJaCl (205°-210°), a colour- 
less oil (M. Simpson, Pr. 13, 510). — 2. Bk-omine 
forms CsH^Brj.— 3. Mercury unites with it, form- 
ing CjHjHgl, mcrouric-allyl iodide. 





AIXTL-IUIAKIO ACID 

C.H,0,t.«.0,H,CH(C0jH),. flOS®]. 
(Conrad a.Bisoliofl, B. IS, 697-, A. 204, 16«i 
Hjelt, A. 216, 62). Latge prisms. V. sol. water, 
alcohol, and ether. Aw |180° it splits up into 
COa and allyl-acetic acid. Combines with HBr 
forming liquid (CO.JI)aCH.C3H,iBr which, when 
boiled with water gives a lactone of oxy-propyl- 
malonic acid {q. v.). f omliines with Br.a forming 
di-broino-pioijyl-malonic acid {q. \\). 

Salt s.- CaA" : crystalline powder.— Ag..A". 
^;f;jcr.-Et.,A"(218^-226'') ; (l‘)4^) at330nim. 
S.G. 1-018 (C. a. B.) ; };] 1-011. M.M. 11*28 
at 13*7° (rerkin). From sodio-malonio ether 
and allyl iodide. 

Di-allyl-malonic acid 

i.e, (C3TIJ,C(C0,H),. [133°]. 
Rhombic prisms \ a'.h'.c *0916 : 1 : 1-0170 (Tlaus- 
hofer, Z. K. 11, 147). Sol. water, alcohol, and 
ether ; v. si. sol. CS... 

licaciions.— l. Heat splits it up into COo 
and di -allyl-acetic acid. 

Ether¥A^k\ (210°) (C.a.B.); (203°) at 226 mm. 
S.G. -990 (C.a.B.); {?l-000; p -993 (Perkin). 
M.M. 15 at 22°. From allyl iodide and sodio- 
inalonic ether (Conrad a. Bischoff, B. 13, 598 ; 
A. 201, 171 ; Hjelt, A. 210, 01). 

ALLYL MERCAPTAN Call.SH. Mol. w. 74. 
(90°) (Hofmann a. Cahours, A. i02, 292).— 
CsHjSHgCl : pearly plates (from alcohol) 
(Gcrlich, ^.178,88). 

ALLYL METHYL ETHER v, MKTitvL allyl 

OXIDE. 

ALLYL MUSTARD OIL v. Allyl tiiio- 

CAllBIMIDE. 

ALLYL NITRATE C.H-.NOa. (106°). 

S.G. 12 I-OO. V.D. 3-54 (for 3-50). From allyl 
bromide and AgNOj (Henry, B, 5, 452). 

ALLYL NITRITE CgH.NO, i.e. CJI^.O.NO. 
(44°). S.G. 2 -955. Prepared by distilling glyceryl 
tri-nitrite with allyl alcohol. An oil. Decom- 
posed by MeOH into allyl alcohol and methyl 
nitrite. Its vapour explodes at 100° (Bertoni, 
Q. 16, 361). 

ALLYL OXALATE v. Oxauc acid. 
DI-ALLYL-OXALIC ACID (so called) v, 

OXY-OCTINOIC ACID. 

DI-ALLYL-OXAMIDE C,H,.,N.A i-e. 
C3H,NH.CO.CO.NHC3ll5. [164°], (274°). White 
plates. Soluble in hot water. Prepared by the 
action of allylamine on oxalic ether. 

Tetrabromide C.^O.^(NHC..H^Br.,).„ In- 
soluble in most ordinary solvents, except hot 
acetic acid (Wallach a. Strieker, B. 13, 513). 

DI-ALLYL OXIDE CJI,„0 ix, (a,H,),0. 

Allyl ellter. Mol. w*. 98. (82°) (Cahours a. 
Hofmann, A. KSC, 290) ; (94*3° i.V.) (Zander, A. 
214,146). S.G. g -8223. S.V.^35*5. C.E. (0°-10°) 
•00127. H.F.p. 12400. H.F.v. 9850 (Thomsen). 
DIfALLYL DI OXIDE 

/°\ /°\ 

♦ CU, . CH.CH2.CH.,.CH . CHj 
(180°). V.D. = 3-7 (obs,). Mobile colourless 
fluid of slight sraell and burning taste. Heavier 
than water. Combines with acids, and pps. 
magn^ia from a solution of MgCi^. Obtained 
by the action of solid caustic alkalis upon di- 
allyl-di-chlorhydrin. By boiling with water it 
18 converted into the alcohol-oxide 


CH, . dH.CH.,.0H.,.CH(0H).CH.,(O9, 
which only by long heating with water is ooot 
verted into the tetra-hydrio alcohol 
Cn..(OH).CH(OH).CH...CH.,.CH(OH).Cn.,(OH) 
(Pi-fybytek, B. 18, 1350“). 

o - ALLYL - PHENOL. Mcihi/l denvative 
C,jr,..0 Le. CJI,(OMe).CHo.CH:CH„. (233°). 
S.G. ^ -9972 ; ^ -9884 ; ^ -9793. Formed by the 
action of Na.jCOsAq on the product of the union 
of HI with the methyl derivative of («)- or (;8)- 

0. xy-phenyl-crotonic acid (q. v.). It is an oil ; 
combines with bromine ; forms a red solid with 
HoSO^ (Perkin, C. J. 39, 425). 

p - Allyl-phenol. Methyl deHvatwe. (232°) 
S.G. -985. Prepared as above from cor- 
responding j;-compoimd. Anethol {q. v.) is 
isomeric with this body. And {q. v.) is isomeric 
with allvl-plienol. 

ALLYL-PHENYL-THIO-UREA C.^H.^NB 

1. €. C3H,,NH.CS.NHPh. [98°]. S. (alcohol) 
71 at 18°. From oil of mustard and aniline 
(Zinin, A. 84, 318) ; from allyl-aniine and 
phenyl thio-carbimido (Weith, B. 8, 1629). 
J.Ionoclinic crystals ; v. sol. ether, insol. water. 
Cyanogen passed into an alcoholic solution 
forms C,oH,,,N,S(CN)„ ppd. by water (Maly, 
1809, 201). When this is warmed with alcohol 
and dilute ILSO^ it forms tho oxalyl derivative. 

Oxalyl Derivative 
CO.NC,hJv 

I \CS [101°]. Lemon-yellow needles. 

CO.NC„H/ 

insol. water, si. sol. cold alcohol. 

ALLYL-PHENYL-UREA C,jr,..N,0 i.e, 
C3H,.NH.CO.NHPh. [97°]. Needles. Got from 
its oxalyl derivative by baryta (Maly, Z. 
1809, 203). • 

CO-NC3H3V 

Oxalyl-denvative | \CO. 

CO-NCA/ 

From the oxalyl derivative of allyl-phcnyl-thio- 
urea (q. v.) and warm AgNOj in alcoholic solu- 
tion. Long needles. Insol. water, v. sol. 
alcohol, benzene, and CS... 

ALLYL-PHTHALIMIDE v. Phthalio Acid, 
Allylamide. 

ALLYL - PROPYL ALCOHOL v. Hexenyl 

ALCOHOL. 

ALLYL-PROPYL-AMINE CJI.jN %.e, 
C3ILNHC3H,. (c. 112°). S.G. -*7708 
Colourless fluid. S. = about 6. Prepared by 
the action of propyl bromi^lo on allylamine. 

Salts; B'.,II.^Cl.^PtCl, : orange crystals. — 
BTIAO,: si. 'sol. needles. -B',1LC,G/ : thin 
plates (Liehermunn a. Paal, B. 10, 525). 

Allyl.di.propyl.amin^(C3H,)3NC3H3. (c. 147°), 
Colourless fluid. S- about 2. Formed by th« 
action of propyl bromide on allylamine. 

fiiflZfs.— B'jHXLPtCl^ : orango-red trimetric 
crystals, aU):c = •9831:1:1-1217. 

BTIClPtClj : sparingly soluble yellow needles 
[152°] ; formed by boiling the preceding salt 
with water (Liebermann a. Paal, B. 16, 627). 
ALLYL-ISO-PROPYL-BENZENE v. Pao. 

PENYL-ISO-PnOPYL-BENZENK. 

ALL^L DI-PROPYL CARBINOL ». Decenyl 

ALCOHOL. 

Di-allyl propyl earbinol v. Decinyl alcohol. 
a-ALLYL.PYBIDINE C4H^(CA)N. (O.190®). 



ALLTIi i# 


8,0. ^ '9595. Colourless refractive oil ; si. sol. 
water. Prepared by heating pure (o).pioolino 
with paraldehyde for 10 hours at 260°- 260°. 
On oxidation it gives picolinio acid [133°]. On 
reduction in alcoholic solution by means of 
sodium it yields (a) -propyl-pyridine (inactive 
coniine). f 

5rtZfs.— (B'HCl).PtCl^ : [186°], sparingly 

soluble needles. -B'HClAuClj* : [136°], oily pp. 
solidifying to small needles. —(B'HCljjHgCl./ : 
very sparingly soluble crystalline pp. (Laden- 
burg, B. 19, 2578). 

v-ALLYL-PYRROL C,H„N i.e. CJI.N.CJI,. 
[105°] at 48 mm. Formed by the action of allyl 
bromide on pyrrol-potassium. Colourless oil. 
Volatile with steam. Almost insoluble in water. 
IlgCL gives a white pp. (Ciamician a. Dennstedt, 
J3. 15, 2581 ; O. 13, 17). 

ALLYL-RESORCIN C,H,(C,H.)(OH)... Mmio- 
methyl ether C„n3(CaIT5)(dMc)(bH). (245°-250°) ; 
V.D. 165 (obs.) ; colourless oil (Pechmann a. ] 
Cohen, D. 17, 2132). 

ALLYL-SUCCINIC ACID 
C,H,„0, i.e. C0,H.CH2.CH(C3H,).C0,H. 

[94°]. Plates (from alcohol). Prepared by heat- 
ing allyl-ethane tri-carboxylic acid to 160°, CO, 
being evolved. Strong aqueous HBr converts it 
into the corresponding lactonic acid — 
Cll3.CH.CH,.CII.CH3.C03H 

I I 

0 CO 

Salts : A"Ca’‘ : crystalline, soluble.— A'^a* : 
easily soluble, amorphous.— A"Ag./ : sparingly 
soluble, amorphous. — FeSO^ gives a flocculent 
pp. (Hjolt, Jl 16, 334). 

ALLYL SULPHATE C3H,S04 i.e. 
CaH.O.SO.^.OH. Hydrogen allyl sulphate, Allyl- 
sulphuric acid. From allyl alcohol and H^S04 
(Cahours a. Hofmann, C. J. 10, 316). 

6’aZZ5. “(Szymanski, A. 230, 43.) BaA',. — 
SrA',. — CaA'., 2aq. — CuA', 4a(i.— PbA'jPbO 6aq. — 
MgA'a 4aq.-kA'.-NaA'.-N]l4A'. 

ALLYL SULPHIDE C„H,„S i.e. (C3n3).,S. Oil 
of Qarlic. M. w. 114. (140°). 

Occurrcnce.-^ln the essential oils obtained 
by distilling, with steam, the leaves, seeds, or 
bulbs, of various plants {allium sativum, alliaria 
officinalis, allium cepa, thlaspi arvensc). Often 
a.ssociated with allyl-thio-carbiraido {q.v.) (Wert- 
heim, A. 51, 289; 55, 297; Pless, A. 58, 36). 

Formation . — From allyl iodide and alcoholic 
K.S (Hofmann a. Cahours, A. 102, 291). 

Properties . — A light oil, smelling of garlic. 

Combinations. — 1. Forms pps. with salts of 
Au, Hg, Pd, Pt, and Ag.— (0,11 .),SPtS, (W.)— 
(C3H5),.SAgN03 (Ludwig, A. 139, 121). 

Hg:S(HgCl.j32(C3H,).,S (W.) 

2 . Combines with Mel (Cahours, Z. 1865, 438). 

ALLYL SULPHOCYANIDE C4H3NS i.e. 
C3H3.S.CN. Allyl thio-cyanate. (161°). 

B.G. 2 1071 ; 1*056. 

Formation. — 1. From lead sal! of allyl 
mercaptan and cyanogen chloride in ethereal 
solution (Billeter, B. 8, 464) ; 

(CaH^Sl^Pb + 2C1(CN) - 2C3H,.S.CN + PbCl.,. 

2 . From ammonium sulphocyanide and a cold 
alcoholic solution of allyl bromide (Gerlicli, A. 
178.85). 

Prqpemes.— Changes spontaneouslf into the 
isomeric allyl-thio-carbimide, especially when 
boiled. Alcoholic KOH forms KSCN. ^es not I 


I give immediate pps. with ammoniacal AgNO, or 
I alcoholic Hg(^. Zn and HCl in alcohol form 
(CaHJ-^S and HON (G.). Sodium amalgam tovTxi» 
Na,S and allyl carbamine (B.). 

ALLYL-SULPHONIC/ACID v. Peopylen* 

SOLPnONIC ACIl). i 

ALLYL SULPHYDRATE v. Allyl mekcaptan. 

ALLYL-TAURINE C.R^NSOs i.e. 
C.JI,NH.CH3.CH,.CO^ri. fl90°-195°]. From 
CILCl.CH3.SO3H and allviamirieat 160° (James^ 
G. j. 47, 369). Prisms (from alcohol). V. e. soL 
water. 

ALLYL-THIO-CARBAMIC ACID Ethyl ether 
C,H„NSO i.e. C,n,NII.CS.OEt. AllyUhio- 
urethane (210°-215°). S.G. 1 036. From oil 
of mustard and alcohol at 110° : 

CaHjNiCS + HOKt - CJI.Nir.CS.OEt 
(Hofmann, B. 2, 119). Ppd. by HgCL.Aq. 

Allyl-di-thio-carbamic acid C.H.NHI.CS.SH. 
From allyl thio-carbimide and alkaline sulphy- 
drates : C,IIaN:OS + IISK = H.CS.SK. The 

free acid is un.stablc. 

Salts. — NH4A' : unstable laminae.— KA': 
large rhombic plates. — MaA'Haq: unstable- 
nacreous laminae. — BaAViaq: laminae; v. sol, 
water. - PbA'., : white pp. (Will, A. 52, 30). 

ALLYL THIO-CARBIMIDE C,H,NS i.e. 
C-,HjN;CS. Oil of mustard, allyl mustard oil, 
allyl thh-cyanate, allyl iso-thio-cyanate, allyl 
sulqihocyanide, allyl iso-sulpho-cyanide, allyl 
sulpho-carbimide. M. w. 99. (151°). S.G. ^ 1*028. 
S.V. 113*12 (K. Schiff, B. 19, 568). II.F.p. 
-45,540. H.F.V.- 46,700. V.D. 3-54 (for 3*42). 

Occuri'ence. — In the oil distilled from the 
seeds of black mustard {sinapis nigra). Also pre- 
sent in oil of garlic, and in horse-radish. 

Fornuition.—\. Seeds of black mustard con- 
_ tain potassic myronate, and also an unorganised 
nitrogenous ferment, myrosin. Wlien treated 
with water, the ferment .splits up the potassic 
myronate thus : 

C,oH, 3NS,0,„K = CaH^.NCS + C,.H,,Oa + KHSO4. 
At low temperatures a little allyl sulphocyanide 
is also fonaed (E. Schmidt, B. 10, 187). — 2. 
Allyl sulphocyanide (5. v.) changes, slowly at 
15°, quickly on boiling, into allyl thio-carbimide 
Consequently, when allyl iodide is distilled with 
alcoholic potassic sulphocyanide (Zinin, A. 
95, 128; Borthclot a. Dc Luca, A. Ch. [3] 
44,495), or allyl sulphide (Wertheim, A. 65, 297), 
the product is allyl thio-carbimide. 

Properties. — Oil with pungent odour and 
burning taste. Blisters the skin. SI. sol. water, 
V. sol. alcohol or ether. Slowly decomposed by 
water, sulphur being liberated. 

licactions. — 1. Zinc and hydric chloride re- 
duce it to allylamine and thio formic aldehyde : 
Call.NCS 4 2IL = C3H ,NH, + HXS, the latter 
being partly reduced to methane and 
(Hofmann, B. 1, 179).~2. HClAq at 200° forms 
allylamine, COo, and HS (H.). — 3. Alcohol at 
100°, or alcohol ic potash, forms allyl-tluo-car- 
bamic ether {q. v.).— 4. Aqueous alkatis, ox 
water and the oxides BaO, PbO, Ag.O, or HgO, 
form di-allyl-urea : 2C3H,NCS 4 3PbO fH*0» 
(C3ll3),N.Jl3CO + 2PbS + PbC93.— 6. K^S at 100° 
forms potassic sulphocyanide and allyl-suL 
pliide.— 6. NH3 forms ally 1-thio -urea {thio-sina- 
mine). — 7. Aldehyde-ammonia forms yieedles 
of C„H3,N,S.,0., [108° 1 (R. SchiS 5.9*671). 
— 8. Furfuramide in alcoholic solution at 







too® forxM A»H,AO^,HJfcTOS [118^ (B-Sohiff, 
5. 10, 1191).— 9. Boiling oono. KHSO, forma 
CjH.NH.CS.SO,K. Pearly plates (form alcohol) 
tBOhler, A 154, 69). . . „ .v 

C(wt6in<i<ion.--Cjli|i|NCS Ag^SO^. Formed by 
adding AgNOjAq to aquelus potassic myronate 
(Will a. Kdrner, A. 125, 2"7). 

Additional Beferenccs,—Bo\xivoxi&. Robiquet, 

P/t. 17, 290 ; Henry ^ Plisson, P. Ph. 17, 
■451; Dumas a. Pclouze, A. Gh. [2] 63, 181; 
Aschoff, J. pr. 4, 314 ; Robiquet a. Biissy, A. Ch. 
[2] 72, 328 ; Rontron a. Fremy, J. Ph. 10, 112 ; 
LOwig a. Weidmann, J. pr. 19, 218; Will, A. 
^2, 1 ; Gerhardt, .1. Ch. [3] 14, 125; Hubatka, 
A. 47, 163 ; Vollrath, J. 1871, 408 ; Grabowski, 
A. 138, 173. 

ALLYL-THIO-HYDANTOIN CJIbN.SO i.e. 

.N(CA)CO 
HN:C< I 

\S CH, 

Formation. — (1) By the action of ohloro- 
.acetic acid on allyl-thio-urea in aqueous solution 
At 100°. (2) By the action of allyl-cyanamide 
on thio'glycollic acid. 

Minute needles. Sol. hot, el. sol. cold, water. 

The hydrochloride (B'HCl) forms glistening 
prisms. (Andreasch, B. 15, 320; JIT. 2, 775). 

ALLYL-THIO-PARABANIC ACID v. Tmo- 

FARABANIO ACID. 

ALLYL-THIO-URAMIDO- BENZOIC ACID. 

C3H,NH.CS.NH.C,H,.C0.,H. [1:3] 
[189° uncor.]. Formed by boiling wi-amido- 
benzoic acid with an alcoholic solution of allyl- 
thio-carbimide. Plates. (Aschan, B. 17, 431.) 

ALLYL-THIO-DREA. C JI,N,S i.e. 
CjH.NH.CS.NH.. Thiosinamine. M. w. 116. [74°]. 

Foimation. —Vroin allyl mustard oil and 
ammonia (Dumas a. Pelouze, .4. Ch. [2] 53, 181; 
Aschoff, J. p\ 4, 314; Lowig a. Weidmann, 
J. pr. 10, 218 ; Robiquet a. Bus^y, J. pr. 19, 
232; Will,yl. 52, 1). 

Propertics.—Vihma, without smell. M. sol. 
water, v. sol. alcohol, and ether. 

Reactions.—l. HgO or PbO converts it into 
allyl-cyanamide {q. v.). — 2. Warm AgNOjAq 
forms allyl-urea. 

Combinations. — (C4n„N.^S HCll-PtCI^. — 
AHHN2S2HgCL:curdywhitcpp.-C,,H,>^.,SAgN03. 
—C.HsNj SBr^ [147°], six-sided columns ; sol. 
water, and alcohol. Converted by moist Ag„0 
into alkaline C^HsNjH BrOH, whence HCl forms 
”C,H,N,SBrCl [130°]. (Maly, Z. 18G7, 12).— 
(0,II,N..SBr2),PtCl^. — (C,H,N.,SBiCl),PtCl^. — 
<J,n,N,8BrClAuBr,. — C,H,N,Sl2 [90°J. - 
C,HsN,,SClI.— C^HgNaSCy^: converted by hot 
dilute HjSO^ into allyl-THio-PAiiAD.\Nic acid 
(o. i;.). (Maly, Z. 1869, 259). - C,H„N,SICyAgCy, 

Ethyloiodide C.HsN.SEtl. [72°](Welzien, 
A. 91, 103; M^. 

ALLYL-UREA C,H,N,,Oie. C3H3NH.CO.NH2. 
Allyl carbamide. [85°]. Fonnation.~l. From 
aliylt^cyanatc and hot NHjAq (Hofmann a. 
Caliours, Tr. 18.57, 655). — 2. From allylamine 
fifulphgte and potassic cyanato (Andreasch, M. 5, 
.31).-3. F rom rJIyl thio-urea and AgNOjAq, the 
liberated HNO3 being neutralised by baryta. 
The yield is t)2 p.c. of the theoretical. 

PropertieSi — Needles, V. e. sol. water, and 
4t1co!it»l, V. b 1. sol. CHGI3, and other. Br, forms 
4i-bromo-propyl-nrea.-- Sa It.— B'HNOj. 

Di-allyl-urea (0,H3NH)aCO. Sinapoline.im^]. 


FjcfiloB of And PbO 
or banrte «i thio-oarblmido (Simon, P. % 
877; Wfll, d. 62, 25).— 2. By heating iUyl 
oyanata with water or aqueoas potash. 

Properties.— Unctuous shining laminiB. V. soL 
alcohol, ether or hot water ; volatile with steaih. 
Its|iqueous solution is ppd. by HgClj and Pt01«* 
Dry HCl liquefies sinapoline forming B'HCl. 

ALMONDS.— Bitter almonds contain a gluco- 
side, amygdalin (<7. v.), and a nitrogenous un- 
organised ferment, emulsin. Sweet almonds 
contain amygdalin but not emulsin. When 
bitter almonds are ground up with cold water, 
the amygdalin is split up by emulsin : 

C .„II,.NO„ + 211.0 = C,H,0 + CN H + 2C,H„0,. 
The essential oil of bitter almonds is obtained 
by distilling the product with steam. It con- 
tains benzoic aldehyde, prussic acid and man- 
dclonitrile, the product of their union. The 
presence of mandelonitrilo is indicated by the 
formation of phonyl-ethylamine when the oil is 
acted upon by nascent hytlrogen (Fileti, 0. 9, 
416). Both sweet and bitter almonds yield by 
pressure a fixed oil, S.G. -- *913 ; this consists 
of olein with some stearin and palmitin. It is 
called oil of almonds. 

ALNElN. —A golden yellow colouring matter 
in the alder, bircli, and beech (Savigny a. Col- 
lineau, G. G. 1881, 703 ; C. J. 42, 309). 

ALOES. — The thickened juice of various 
species of aloe. 

ALGETIC ACID ChH,N,0,o aq, i.e. 

CiJl^{^O.i)fi.jaq{7).Tctra-nitro-antliraquuu)lte{‘t) 
Obtained,* together with chrysamiihc acid, by 
warming aloes with HNO3 (Schunck, A. 39, 24 ; 
65, 235 ; G. J. Mulder, A. 72, 286 ; Finck, A. 
134, 236). Yellow amorphous powder. SI. sol. 
cold water, m. sol. hot water or alcohol, forming 
purple solutions, which become yellow on 
addition of acids, and red again when neutral- 
ised. It has a bitter taste. Boiling HNO, con- 
verts it into chrysammic acid, and ultimately 
into picric acid. Warm potasshem or ammonium 
sulphide containing excess of alkali forma 
an indigo-bluo gelatinous mass. Salts: 
BaC,,ILN,0,o. Ag^A" : insoluble, dark red 
powder. 

ALOfN.— The purgative principle in aloes. 
There are several varieties classified by Shen- 
stone {Ph. [3] 13, 461) as follows: (1) NaiiP 
lo'Cm. — Are not reddened by HN().„ but converted 
by it into picric and oxalic acids. — (2) Barba* 
iotas— are reddened by HNOj, aloetic, chrysam- 
rnic, picric and oxalic acids being formed. These 
may be subdivided into {a)~barhaUhns, reddened 
by coldllNO, (S.G. 1*4), (;3)-6ar5aZoi>t.s, reddened 
by fuming HNO3, not by cold UNO;, (S.G. 1*4), 
The aloins may bo e:^^racted by hot water 01 
hot spirit from the various aloes, and purified 
by re-crystallisation. They dissolve in caustic 
and carbonated alkalis, forming orange solu- 
tions. 'fheir solutions are ppd. by lead 
Bubacetate. 

(a)-Barbaloin, C,aH,„0, and (j3) - Barbaloln, 
Zanzaloiu or Socaloin OisHihO, occur in aloei 
from Barbadoes, Socotrina, Zanzibar and Jaffer- 
abad (T. a. H. Smith, Ghem. Oaz. 1861, 107 ] 
Sfcenhouse, P.Af. [3] 37, 481 ; Tild^, 0. /. 26, 
488 ; 28r, 1270). ^ • 

llocbotions. — 1. By distilling with Mmo diUii 
a Tory liUle methyl-anthraoene may begol (9 


I 





FoUuH-fuAi6n^^vd9 
Ofcin, jp - oxybeflzoio acid, and alorcinio acid. — 
8 . Boiling dilute sulphmic acid forms «-coumario 
acid. — i. HOI andKClOj form tri-ohloro-aloin, , 
-OieHijClsO,, yellow prisms (from aloohol).~-5. 
Bromine forms tri-bromo-aloin ; yellow needles 
(from alcohol).— G. Ao.p forms tri-acetyl-al<ftn, 
OijHjsACjjO, : amorphous. 

Kataloln C,„H,80, (?). Occurs in Cape aloes 
(Fliickiger, Ar. Ph. [2] 149, 11 ; Bl. 17, a2B ; 
Tilden, G. J. 25, 155). Thin bright yellow 
scales ; si. sol. water, benzene, ether, CS., and 
CHCI3. Its solution in HaS04 is turned green by 
ENO„ the colour changing through red to blue. 

Additional References. — T. B. Groves, Ph. IG, 
128 ; Orlowski, Fr. 5, 309 ; Hlasiwetz, A. 134, 
287 ; Rembold, A. 138, 186 ; Boriitragor, Fr. 20, 
234; 11. H. Groves, Ph. [3] 11, 1045; Lenz, 
Fr, 21, 220; Plengo, Ph. [3] 15, 330; Cripps a. 
Dymond, Ph. [3] 15, 633). 

ALORCIC ACID C,H,Aaq. [97'’]. CJI.A 
[116°] i.e. CJL(OH)Me2.COJI- Formed in small 
quantity, along with j9-oxy-benzoic acid and 
orcin, by fusing aloes with KOH (Weselsky, A. 
167, 65). Long needles. SI. sol. cold water, v. 
Bol. hot water, alcohol, and ether. The aqueous 
solution is not coloured by Fc.jCl^Aq, but alkaline | 
solutions are turned cherry-red by air. Hypo- 
chlorites turn the aqueous solution of the acid | 
purple-red, colour destroyed by excess. Basic, 
but not neutral, lead acetate QiyeB a pp. Alorcic 
acid reduces silver nitrate and Fehling's solution. 
Fused with potash it forms orcin and ICCO3. 

Salts. BaA'^Gaq: small needles.— CaA',; 
needles— CuA'2 4aq. 

Acetyl derivative CjIIwA-cOj: [125°] ; 
needles. 

Anhydride *. [138°]; formed by 

distillin(5 the acid. 

ALOXANTHINC.A.oO^ 0,4H3Me(OH)A. 

From barbaloin and socalo'in, but not from 
nataloi’n, by chromic mixture. lieduced, by 
distillation with zinc dust, to mcthyl-anthnieene. 
Its alkaline solutions are choiry-rcd. Nitric 
acid converts it into aloetic and chrysammic 
acids (Tilden, Ph. [3] 8, 231 ; C. J. 32, 903). It 
forms an acotjl derivative C, 

ALPHA. To find compounds beginning with 
this prefix, remove the prolix and look for the 
remaining word. 

ALPININ C,JI,.,0«. [174°]. Light yellow 
needles ( + II20). Occurs, together witli cam- 
phoride and galangin in the gahinga-root (Jahns, 
B. 14, 2810). 

ALSTONIDINE. [181°]. An alkaloid occurring 
along mth alstonine {q.v.) and porphyrinc {q.v.) \ 
in the bark of AlstouMi constricta. It may be | 
separated from porphyrine by its more sparing 
solubility in petroleum. It crystallises in radia- 
ting needles, sol. alcohol, chloroforn*, and ether. 
Its solutions display intense blue tluorescence. 
It is not coloured by cone. HBO, or lINOg. 
Its salts crystallise in colourless needles. Tlie 
gold and platinum salts are golden fiocculeiit 
pps. (Hesse, A. 206, 368). 

ALSTONINE C2,H2oN204 3Jaq. Chlorogenine 
(F. V. Miifler a. L. liummei, C. J. 35, 34 ; Oberlin 
a« Sohlagdenhauffcn, Ph. [3] 10, 1059 ; O. 
Hesse, A, 205, 360). An alkaloid in the bark of 
AUlio^ cmstricta (F. t.M.), from which it may 


)>e edctriicted hy alcofaoL Th0 extract is evapo* 
rated, treated with very dilute HCl, filtered, ppd* 
by NH„ dissolved in ether and evaporated. 

Properties.— Orange.yeUow, brittle, pellucid, 
bitter, mass. It melts J aow 100°. When dry, 
it melts at 195°. It dilsolves easily in alcohol, 
ether, chloroform, and dilute acids, but sparingly 
in water. All dilute solutions show blue fluo* 
re.scence. Salts. I’ud. by excess of acid. — 
(BTlCl),PtCl44aq.— (B'HCl)JIgCL.— B'^ACrjO,. 

ALUMINA. — Oxide of ^umiiiium, Al^Oj, e. 
Aluminium, Oxmn of. 

ALUMINATES.— Certainrainorals are known, 
e.g. Al^O-jMgO, A1.0.,BcO, Ac,, which may be re- 
garded as dcri\ed from the hydrate Al^Oa.H.O 
{ v . Aluminium, Hydroxidks of), by replacing Hj 
by Mg, Be, &c. Some of these minerals have been 
prepared by Kbelmcn (d. Ch. [3] 22, 211) by dis- 
solving ALO3 and the other metallic oxide in 
molten boric acid, and removing part of the sol- 
vent by long-continued heating ; in this way he 
prepared spindle A1..04Mg, chrysoberyl Al204Be, 
j Ac. By heating Al.^Fg with boric acid and ZnF,^, 
Dcville and Caron obtained gahnito Al204Zn. 

Barium aluminate Al.;04Ba.4H20 was ob- 
tained in crystals by fusing Al^O, and carbon 
with BaO, BaCO„ Ba2NOs, or BaS04, dis- 
solving in water and crystallising (Deville, 0, R, 
54, 327 ; v. also Gaudin, C. R, 54, 687 ; also 
Beckmann, J.pr. [2] 26, 388 a. 474). Compounds 
of ALO;, and BaO obtained by action of BaOAq 
on AI..63 and AlXl^Aq are described by Beck- 
mann {B. 14, 2l5i). 

Potassium aluminate A1204 K.m 3H,20 was 
obtained in crystals by Fromy (A. Ch. [3] 12, 
362) by fusing Al.Oa and KOli in a silver dish, 
dissolving in water, and evaporating in vacuo ; 
this salt may be recrystallised from con, aqueous 
solutions, from dilute solutions Al.,Oajig separates 
out. 

Sodium alumbuite has not been obtained 
crystallised. An impure salt is used iu manu- 
factures ; it is obtained by heating cryolite and 
CnO, or bauxite and NaOH, in steam, dissolving 
! in water and evaporating to dryness (Morin, /. 
1862. 068), Tissicr (C. R. 48, 627) described 
four compounds to which he assigned the com- 
positions ALOgNa^, AIiOhNji,., AlA^^^i* 
Al.j04Na,.; but no analyses arc given in the 
original papier. M. M. P. M. 

ALUMINIUM.— Al. At w. 27-02 (Mallet, T, 
171, 1003). Mol. w. unknown as Y.L). has not 
been determined. [About 700°]. S.G. (fused) 
2'5a3 (Mallet, T. 171, 1003); (after pressure of 
6,000 atmos.) 2-502 (Spring, A. Ch. [5J 22, 170). 
S.H. -218 (Louguinine, A. Ch. [5] 27, 398); 
(0°-100°) -2253 (Mallet, l.c.). C.E. (lin. at 40°) 
•002313; (lin. 50°) -002330 (luzeau. G.R, 08, 
1125) T.C. (Ag-l/‘0) 31-33 (Lorenz, IT. 13,422), 
E.O. (Ilg at 0°--=!) 20-07 at 0°, 16- 15 at 15° 
(Lorenz, l.c.). S.V.S. 10-4. Chief lines in spec- 
trum, 3960-9, 3943-4, 3612-4, 3091’9, •6081-2,. 
2815-3, 2C)30-6 (Hartley, T, 175, 101). 

Occim'cnce . — The metal aluminium Aoes not 
occur native ; but as silicate (in all clays and in 
very many minerals, especially the felspars), and 
oxide (corundum, di aspore, Ac.) , and fluoride (cryo 
lite), it is very widely and largely distributed, 
forming nearly ^ of the earth’s crust. Elumimi 
was shown to be a distinct earth by Marggraff in 
1764 ; the metal was separated by Wohler in 
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1328 (P. 11, 146), and in purer form in 1854 (A. 
03, 422). 

Freparati<m,—'W6hler decomposed Al^Clj by 
K ; in 1854 Deville em^oyed Na and decomposed 
2NaCl.Al,A (^- pr- 113, 211), 386). Bun- 
sen (P. 92, 648) decomposed fused 2NaCI.Al.^Clj 
by an electric current. Rose (P. 96, 152) decom- 
posed GNaF-Al -Fg (cryolite) by fusing it with KCl 
and Na. Basset ^T, J1869. 75H) reduced j 

2NaCLAl.Cl,. by Zn, and heated the Zn-Al alloy ’ 
to white heat to remove the Zn. The Al.Cl,; may ; 
also bo reduced by KCN (Wagn, J. 1858. 1) ; a 
compound of A1 and S may be reduced by Fe, or 
by hydrocarbons (Petitjean, J. 1858. 1.36) ; and in 
other ways. The usual method of preparation is 
to heat 2NaCl.Al..Cl^ with about 36 p.o. Na and 
40 p.c. cryolite (as a flux), on tho hearth of a 
reverberatory furnace, and to run off the molten 
Al into iron moulds. The 2NaCl.ALCl,j is pre- 
pared by heating bauxite (silicate of Al containing 
Fe) witli Na .CO,, whereby Na aluminatcis formed, 
dissolving in water, p])g. Al/)., b}’ a stream of 
CO,;, collecting, washing, and drying the Al.Oj, 
mixing it with cliarcoal and NaCl and heating 
strongly in Cl whereby 2NaCl.ALCli is formcul 
and distilled otT into receivers. Mallet (T. 171, 
1003), prepared very pure Al by fusing Al.^Br,. 
with KCl and NaCl in theratio 2(KCl.NuCl):Al.,Br„, 
and then heating with Na in clay crucibles lined 
with Al.jOj and Na aluminate; the reduced metal 
was heated on a support of A1,0.,, washed with 
HClAq, then with water, and dried at a gentle 
heat. 

Properties,— \ tin-white metal; grey when 
in powder. Odourless and tasteless. After fusion | 
about as hard as silver; hammered metal is about j 
as hard as soft iron. Very malleable, and ductile ; j 
very sonorous ; may be highly polished. Tena- 
city nearly equal to that of Cu (V. Burg, D.P.J. 
151,286) ; less than that of Zn (Karmarsch, D.P.J, 
152, 441; 172, 55). Very feebly magnetic. 
Melts fairly easily (about 700°) and crystallises, 
apj^arently in regular octahedra, on cooling. 
Non-volatile, and non-ox idi.sable in air; heated 
in oxygen becomes covered with film of ALO,. 
Unacted on by ILS or ammonium sulphides, and 
by S only at liigh toirij)eratures. .Scarcely 
attacked by HNO:,Aq, but dissolved by 
llClAq, H^SO^Aq, KOllAq, and NaOHAq, Most 
specimens of Al contain Fo and Si ; they are 
more ea.sily oxidised than the pure metal. 

Aluminium forms one series of salts tho 


The atomio weight of Al has been detef* 
mined} (i.) by analyses and determination of 
V.D. of Al.;Clj, AlJ3r,j, and AlJa ; (ii.) by measure- 
ments of S.H. of Al; (iii.) by comparison of 
various compounds {e.g. Al.Oj, and alum) with 
isomorphous compounds of Cr and Fe ; (iv.) by 
anj^yses of ammonia-alum and Al.^Br^, and by 
measuring the H evolved by tho action of Al on 
NaOHAq (Mallet, T. 171, 1003 i.; v. also for older 
doterminationsBerzelius, P. 8, 187 ; Dumas, i4.C7fc. 
[3] 55, 151 ; Tissier, CM. 46, 1105 ; Terreill, BL 
31, 1.53). 

Aluminium is a distinctly metallic element; 
no allotropic forms of it are known. According 
to the investigations of Wheatstone {J. 18.55. 22), 
in KOH/Vq Al is electropositive to Cd, Sn, Pb, 
i Fe, Cu, and I't, and negative to Zn ; in HClAq 
I Al is positive to Sn and Pb, and negative to Zn 
j and C(h Al dccompo.ses ILO at 100°. It reacts 
i with acids to form definite salts, but at tho same 
' time hydrated AI D., dissolves in alkalis to form 
I unstable salts in wliich the Al forms a part of 
the negative, or acid, radicle {v. Alijmin.vtes). 

: The thermal value of the action of acids on 

' A1/)3..3H._.0 is a large positive number approxi- 
mately equal to the value for CdO JLand FeO.JI.;, 
although considerably less than the values of the 
corresponding actions with CaO^H^, SrO.JL, and 
BaOJI; thus (Thomsen) : — 


M 

(M, 2HClAq] 

M 

[M, 21101 Aq.] 

CaOJI. 

30,400 

A1.;0/T« 

3 

18,610 

SrO..H2 

27,630 

CdO.,H.; 

20.290 

BaOJT; 

40,012 

FeOX 

21,390 


The difference between the heat of formation 
of a metallic chloride and hydroxide has. 
usually a positive value ; in tho q^sc of a non- 
I metallic chloride and oxide tlio difference is 
I usually a negative quantity (Thomsen, Th. 

I 3, 631) ; in the case of Al the difference in 
j question lias a largo negative value, thus 
j [A1^ Cl«] - LAP, 0*,3n OJ = - 22, 320. Al shows 
1 several analogies with Be ; they both very 
I readily form basic and double salt.s ; Al.^O, is 
; less basic than BeO ; both metals readily alloy 
i with Hi; neither seems to be easily acted on by 
j H. For fuller di.scussion of the chemical rela- 
tions of Al V . Eauths, Metals of thi:. 

I ReactioJis. — 1. Pure Al is unaeted on by 

i ordhtary air; imi^uro spt!cimcns of the metal 
become covered with a film of oxide. — 2. Water 


simplest formula) of which represent them as 
derived from acids by replacement of IIj by Al ; 
e,g, Al2.3SO^, A1.3NO, Ac. 

The atom of Al is trivalcnt in tho gaseous 
molecule AICI3. Many experiments have been 
conducted to detymine the mol. w. of Al chloride; 
Nilson a. Pettersson have finally shown {Z. P. C, 
4, 206) that the only molecules which exist 
throughout a considerable range of temperature 
,have tire compo.sition AlCI.,. Odling (/'. M. [4] 
29,316) stated the V.I). of Al mothide to be 36 2 
at tenij^ratures above 200' (and 72-1 at 130°); 
and lienee mol. w. A](C11 .,).,. It remained, how- 
ever, unc(:rtairi wlielher tlie gas was homogeneous 
or not (u. Wanklyn, P. M. [41 29. 313 ; William- 
son, ibid. 3;».> ; Le Jloux a. Louise, C. Ii. 106, 
73). (Quincke (/. P. G. 3, 164) lias .shown 
that tlie molecular formula of Al methide is 
A1(0H,).. 


is decomposed by Al at 100° with evolution of 
H. — 3. Con. or dilute nitric acid has no actiojl 
on Al. — 4. The metal is easily dissolved by 
hydrochloric acid. -- 5 . Dilute sulphuric acid 
evolves H, forming Al.;.3S(),; hot con. ILHO^ 
evolves SO.;.— 6. Most chrhun acids, e.g. acetic, 
tartaric, have little or no action on Al ; but in 
prc.sence of NaClAq the action becomes marked, 
ALClg boingi-formed. — 7. Sulphuretted hydrogen 
has no action oven at high temperatures.— 8 
Aqueous potash or soda dissolves Al, evolving 
H, and forming an aluminate {v. Cavazzi, G, 
15, 202) ; molten KOH or NaOlI does not act 
on Al.— 9. Sidphates, carbonates, borates, and 
silicates, of the alkali metals arc decomposed ^by 
Al at higl^ temperatures.— 10. PotassijftnnitraU 
oxidises Al when the two react at a white heat, 
11. Alkali sulphides are without action even 
at high temperatures; silver sulphide when 
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heated with A1 is partly reduced with formation 
of a Ag-Al alloy. —12. Many metallic oxides are 
deoxidised by A1 at high temperatures, e.g. oxides 
of Pb, Cu, Pe ; oxides of Zn and Mn are not 
acted on. — 13. Alkaline, but not neutral or 
slightly acid, solutions of lead, silver, and tin, 
are reduced by A1 with ppn. of the metds; 
Cu is ppd. from CuSO,Aq.— 14. Most mctmlic 
chlorides in solution are reduced by A I (KClAq, 
NaClAq arc exceptions ; Cossa, Z. [2] 0, 380, 
443). Fused zinc chloride, but not MgCl.^, is 
reduced by A1 (Flavitsky, B. 6, lQr>). 

Ccnnbhiations. — 1. With oxygen to form 
Al^Oa ; only at high temperatures, and then 
superficially. — 2. With suljihur to form an 
unstable compound (u. Aluminium, Sulptiiok of) 
only at very high temperatures.— 3. Wohler I 
[P. 11, IGO) states that A1 combines with | 
phos2}horus, selenion, tellurium, a7id arsenic, ' 
when heated in the vapours ol‘ these elements ; 
but little is known of the compounds.— 4. With 
boron A1 forms at least two comi)oimds (t\ 
Aluminium, bobides of).— 5. With chloiine,hro- \ 
mine, and iodine, A1 combines to form 
AIoCIb, AhBr,., and AIJ^ (7. t>.). -G. Al forms ! 
alloys with most of the metals ; these alloys are ' 
usually formed by heating the metals together ; ' 
or sometimes by heating Al.^Oa and carbon with ; 
the other metal. The properties of many metals 
are considerably changed by alloying with small 
quantities of Al. The alloys of Al with Cu, Ag, 
and Sn arc much used because of their colour, 
hardness, and stability, and the ease with which 1 
they are worked. The alloys of Al have been I 
chiefly studied by Calvert a. Johnson {P. M. [4] ' 
10, 240) ; Tissier (C. R, 43, 885 ; 40, 54) ; Debray 
(C. li. 44, 925) ; Woliler [A. lOG, 118 ; 113, 248 ; 
138, 253; P. 11, IGl) ; Michel {A, 115, 102), 
The alloys with co])pcr containing from G to 10 
per cent. Al are yellow, hard, unacted on by 
moist air, water, or salt solutions, and are easily 
worked. The alloys with silver are also very 
stable, have a fine colour and may be highly 
polished. When a little Al is alloyed with tin 
the products are very hard and elastic. (These 
alloys will be more fully described under Coppek, 
Silver, and Tin.) Alloys of Al with the follow- 
ing metals have been prepared:— Bi (a very 
little Bi makes Al extremely brittle) ; Ca (by 
heating Al, Na, and much CaCl.., Wiihler) ; Cu, 
Cr (by heating Al with CrXl^.KCl, Wohler) ; Au, 
Fe, Mg, Mn (by heating MnCl.,, KCl, NaCl, and 
Al) ; Hg (Caillfitet, G. li. 44, 1250) ; Mo, Ni, Pt, 
Ag, Na (this alloy easily decomposes H.X) ; Bn, 
Ti, W (by heating WO3 with Al, cryolite, and 
KCl, and NaCl) ; and Zn. 

Detection. Many Al compounds are soluble 
in water ; most arc disso^ed by HClAq. Strongly 
heated ALOj.is nearly insoluble in acids; it, and 
also the insoluble Al-coiitaining minerals, may 
bo dissolved by fusion with KHSO^ and treat- 
ment with water (H. Rose, P. 1, 275).* 

Estimation.—!. Usually as Al.J),: a fairly 
eon, solution is ppd. by a small excess of 
NHjAq (if Mg salts are present a good deal of | 
NH^ClAq is added), the free NHg is removed by | 
^warming, the pp. is washed, thoroughly dried, 
and strong^ heated for some time.— 2. A1.X„H„ ‘ 
may also be iipd. by Na.jS.X3Aq. Thi# method | 
is specially applicable in presence of Fo salts ; ! 
the two metals are ppd. as hydrates, the pp. 


is dissolved in HClAq, the solution is nearly 
neutralised byKa^COjAq and diluted so that 
50 c.o. do not contain more than *1 gram AL^O, 
a slight excess of Na.3S.p.3Aq is added; and after 
a little the liquid is boiled Iso long as SO.^ comes 
off, the pp. of ALCaH„ jirfiixed with S is filtered 
hot, washed with liot water, and strongly 
heated until all B is burnt off ; 

(Al.,Cl«Aq + 3Na„S q + 311, 0 = 

Al./3,jf„ 4- ONaCI Aq 4- 8S + 3SO, ; 
Fe.Xl,.Aq 4- 2Na.S..63Aq = 

Fe.^CljAq + 2NaClAq -I- Na,^S^O„A(i) {v. Chancel, 
C. R. 46, 987).— 3. Al is also sometimes estimated 
as a basic acetate {v. Atkinson, Fr. 3, 329 ; also 
Schulze, J". 2>r. 47, 313) ; or as basic formate 
(Schulze, C.C. IHGI. 3). For methods of sepa- 
rating Al from alkaline earths v. Deville, A. Ch. 
[3] 38, 5; from Co, Ni, and Zn v. Haidlen a. 
Fresenius, A. 43, 129 ; from iron v. Macivor, 
G.N. 29, 199; from iron and phosphoric acid 
V. Flight, C. J. [2] 13, 592 ; also Esilman, C. N. 
28, 208 ; from chromium v. Dexter, P. 89,142. 

Aluminium, Alloys of, v. Aluminium ; Com* 
binalions, No. G. 

Aluminium, Arsenide of. According to Wohler 
(P. 11, IGO) Al combines with As when the 
elements are heated together; the product is a 
grey mctal-like mass, decomposed by water with 
evolution of Asll,. No analy.ses arc given. 

Aluminium, Borides of. A I seems to form 
tw'o definite compounds with boron, AIB.^ and 
A1B,2. They may be obtained by packing a 
rod of Al in amorphous B in a carbon crucible, 
placing this in a Hessian crucible with powdered 
charcoal between the crucibles, covering, and 
licating to redness for l.\ or 2 hours; B/)., may 
be used in place of B (It) parts B.X3 to 8 pqrts 
Al). On cooling, the fused mass is treated with 
HClAq, whereby Al dissolves and cryAals of the 
borides remain, which may be separated by hand 
(Hampe, A. 183, 75). Both borides were ob- 
tained by Woliler and Devillo and regarded by 
them as crystallised boron [A. 101, 113, and 347 ; 
141, 2G8) ; the compositions represented by the 
formultc AIB3 and AIB,.^ are assigned by Hampe 
(/. c.). AlBj crystallises in thin, lustrous, pale 
copper-coloured, six sided, plates ; unchanged by 
heating in air; slowly dissolved by hot con. HClAq 
and NaOHAq, easily soluble in warm HNOaAq. 
Tliis compound may be prtqnircd by the action 
of BClj vapour on hot Al ; or by heating 
BF.3.KF witli KCl, NaCl, and Al. AIB,^ forms 
black, monoclinic crystals, transparent in very 
thin plates ; harder tlmu eorundiiin, softer than 
diamond S.G. = 2-5.’)4. These cry.'^tals are un- 
acted on by con. HOIAq or KOIl.\q, and very 
slowly by hot con. 11 ,SO,Aq ; they are soluble in 
hot con. llNO.^Aq. They are oxidised by molten 
KOH and PbCrO, ; also by moltfn KllSO^ ; but 
are not acted on 4iy molten KNO3. Heated 
with Pt an easily fusible alloy is formed. 

Aluminium, Borocarbide of. AljC.Djg.^ Ori- 
ginally obtained by Wiihler and Deville, and 
supposed to bo crystallised boron ; ex^nined 
more fully by Hampe (A. 183, 90). Prepared by 
long-continued healing at a very high tempera- 
ture of B..O3 and Al in a graphite crucible (fot 
details, v. Hampe, l.c.). The compound crystal- 
lises in yellowish, sparkling, crystals dt the 
dimctric system. S G. - 2*615 ; liardness between 
that of diamond and corundum. The crystals 



we slowW diasolyed V con, HKOjjAq, but 
not by HClAq, H^SO^Aq, or . KOHAq; tbe;:^ 
behave towaida molten KOH, PbCrO^, and 
KHSO4 similarly to AlB,j (g. v.). 

‘Aluminium, BromVie of. AlBij or ALBr^; 
not certain, [abt. (Weber, P. 10:1. 
(263°-3) at 747 mm. (Mallet, T. 1880. 1003). 
S.G. 2-54. V.D. 2()0-8 (Deville a. Troost, A. CIl 
[8J 68, 257). H.F. [Al^^Br";^- 230,440 {Th. 3, 210). 

Formatio7i.—By passing Br vapour over a 
heated mixture of alumina and charcoal. 

Preparation . — By the action of Hr on excess 
of powdered Al, and subsctpiont rei>catcd distil- 
lation from Al, and finally in atmo.sphere of N. 
(Mallet, Z.C.) 

Properties. — White, lustrous, plates; fumes 
in air ; melts to a mobile liquid ; soluble in CS., 
alcohol, and water, in latter with production of 
much heat [Al-Br«, Aq] - 170, COO {Th. 3, 240). 

Reactimis and Combinations. — Aqueous so- 
lution on evaporation in vaevo yields crystals of 
AlgBre, 12H.^O ; this solution is decomposed on 
heating into and IIBr. Al^Br^is decom- 

posed into AljOa and IIBr when liciited in air ; 
it combines with tlie bromides of tho alkali 
metals to form double salts, c.(f. 2KBr.Al.Br„ 
(Weber, P. 103, 250) ; it absorbs NH^, also ILS, 
forming coinpounds which arc decomposed by 
heat (Weber, l.c.). 

Aluminium, Chloride of. AlCl,. Mol. w. 
133a3 (800^-1500^) (Nilsona.Peltorsson, Z.P.C. 

4, 20C). V.D. C()-r> (N. a. P. l.c.). H.F. [Al,CI'i 
-160, 980 (Th. 3, 2 t0). 

Forination.—l. By heating powdered Al to 
redness in dry 01.-2. By i)assing HCl mixed 
with CS2 vapour over crude alumina or clay 
healed to redness ; Al.Sj is formed but is at 
once decomposed by the HCl (Curie, C. N. 28, 
307). — 3. By heating Al with various metallic 
chlorides, e.g. ZnCl.^ (Flavitsky, B. 6, 195). — 4. 
By heating Al.Oa with NH^Cl (Bose, P.74, 5()9), 
or with PCli, BCI3, or SiCl^ (Troost a. Haute- 
feuille, CM. 15^ 1710 and 1819). 

Preparation. — 100 parts ALO, are made into 
a thick paste with 40 parts carbon by tho help 
of starch paste, or oil ; the paste is kneaded to a 
cylinder, which is dried, liealod in a covered 
crucible, and removed while liot to a porcelain 
tube connected with a Cl apparatus ; a.s soon as 
the apparatus is full of Cl, the cylinder is healed 
to redness; ALCl,, distils over into a receiver. 
It is purified by sublimation from Al in a closed 
tube bent to an obtuse angle. 

Properties , — Transparent, deliquescent, hexa- 
gonal plates ; colourless vrhen pure, but usually 
yellowish because of presence of clilorides of Fe, 

5, (&c. Fusible in large masses but volatilises 
without fusion^ if heated in small quantities. 
Bolnble in water with production of much heat 
[Al‘Cr>,Aq]- 1.53,090 {Th. 3, 210); soluble in 
alcohol, and ether; insoluble in benzene ; unacted 

4 on by«HClAq. 

React ions, — 1. Fumes in vioht air absorbing 
H^O a^d giving olT IICl. — 2. Fasily decomposed 
' (to Al^Ojancl HCl; by steam (Kuhnheiin, J. 1801. 
149).— 3. Partly decomposed by oxygen at a red 
heat with evolution of Cl (Berthelot, C. R. 80, 
787).— 4. Heated to redness with limCy corundum 
(AljOj^ is formed ; with magnesia^ spinello 
(A1.204Mg) is produced (Dauhrcc, 0. B. 39, 135). — 
a. Decomposed below red heat by potassium w 


zodhm, idth 1^* qi; KaCJl; 

—6. Molten Al^Ol, to JU and 01 

fBuff, A. 110, 267).— 7* Sulphuric anhydri^ 
lorms AI2.3SO4, SO2, and Cl. — 8. Solution in 
water is decomposed by heat into AljOj and HCU 

Combinations.— 1. Dissolves in water ; solu- 
tioa when slowly evaporated gives deli(juescent 
crystals of Al2Cl„.12H.,0 (Bonsdorff, P. 27, 279). 
— 2. Absorbs dry ammonia to form yellow 
Al.^Cl.i.ONHa ; when this is heated in a stream of 
dry H, Al^Cl/iNHg is obtained (Persoz, A.Ch* 
44, 819). —8. Combines with phosphoretted lirp 
drogen to form a yellow powder 3Al.Clfl.2PH34 
decomposed by IL^O giving off PH., (Bose, P. 24^ 
295).— 4. Phosphoric chloride at 180'^ forma 
Al._,Cl,i.2PCl^ ; crystalline, easily fusible, easily 
decomposed by H-^O (Weber, P, 107, 375). — 6. 
Combines with some other 7ion-mctallic chlo- 
rides ; chief combinations arc Al.,Cly.2POCl* 
(Cassclmann, A. 98, 220) ; Al..Cl,.2NaCl (Weber, 
P. 118, 471); Al2Cl«.SCl„ ‘Al2Cl,.SeCl„ and 
AhCl„.ToCl^ (Weber, P. 104, 421). Forms a com- 
pound with ILS which is decomposed by ILO 
(Wohler, P. 11, 160). — 6. Combines with 
chlorides of alkali metals to form A1.,CJ„.2MC1 
(Degen, 18,332; Deville, yl. Ch. [3j'43, 30);, 
the most important is AlXl6.2NaCl, white 
crystals, melting at about 185°, volatile at a red 
heat without decomposition; deliquescent, but 
much less so than AljCl^. This salt is prepared 
on tho large scale, as from it the metal Al ia 
obtained (v. Aluminidm, Preparation of), — 
7. By evaporating solutions of tbo mixed chlo- 
rides the compounds Al2Clg.2PdCl2.20HoO and 
Al2C1^.2PtCl,.30H2O wore obtained (Wolkow, P. 7> 
304 and 802).— 8. With stdphurous anhijdride 
forms ALClg.^SOo, a heavy liquid, solidifying at 
- 10° (Andrianowsky, BL [2j 31, 495). 

Aluminium, Fluoride Of. AIFJ. Mol. w. un- 
certain, as V.D. not determined. S.G. 3'1. 

Occurrence. — In combination with NaF as 
cryolite Al^Fg.CNaF ; also with silicates in 
topaz, &c. 

Formation. — 1. By action of HF on AI0O3.— 
2. By fusing cryolite with Al2.3SO^, and digest- 
ing in water whereby NaXO^ is dissolved and 
ALF,. remains (Deville, G.li. 42,49). 

Preparation.— k mixture of fluorspar and 
alumina, in a boat of graphite, is heated to 
fusion in a tube of graphite, in dry HCl ; crystals 
of ALF^ sublime and CaCl2 remains (Deville, C.R. 
43, 971). 

Properties and Reactions. — White, and very 
obtuse rhomboLedra ; unacted on by air, by 
acids, or by aqueous alkalis (Deville, C.R. 43, 
970). Volatile at bright red heat. 

Combinations. — 1. With hydrofluoric acid and 
icatcr'. by dissolving Al^Da in ILSiF^Aq, digest- 
ing with Al .O;, till Si02 is ppd. and solution ii 
neutral, and evaporating, crystals of AloFg.7H20 
arc obtaino/); if digestion with AlDj is stopped 
while liquid is distinctly acid but SiO,_, is ppd., 
and alcohol is added, BALF^j.dHF.lOILO is 
formed ; if, instead of adding alcohol, the acid 
liquid is evaporated Al2F,,.iH’.6H20 is produced 
(Deville, A. Ch. [3J 61, 327).— 2. With alkali 
fluorides compounds of tho form Al.^F^.CMF are 
formed, the most important of ^ese are** 
tho K aAd the Na compounds. AlJ'j.CKF il 
obtained as a gelatinous pp. by adding a BolqtiOiJ 
of A1,0, in HFAq to an excess of l^Aq.AUB'yr 
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itSf ii piolaMd bj adding EFA4 toNBttiiiii of - 
Al^Ff in EFAq; if the pp. is boH^ in the 
liquid AlsFe;6EF is fonned. Both ppA form white 
» powders when dry, and are decomposed with loss 
of all their F by heating with con. H^SO^Aq. 
Al2Fc.6KaF occurs native as cryolite on the west 
coast of Greenland. S.G. = 2-96. It may be^re- 
pared by the action of HFAq on Al^O, and 
NajOO,, mixed in ratio AiParSNajCOa, drying, 

* and heating to fusion. Forms colourless, trans- 
parent, dimetric crystals; softer than felspar; 
.melts below red heat, forming a colourless glass 
on cooling. Decomposed to CaFj und a solution 
of Al20a in NaOHAq, by boiling with milk of 
lime, or fusing with CaCOj and boiling in K^p. 
Heated with H-SO^Aq loses HF, and produces 
Alj.3SO, and Na'.SO,. 

Aluminium, Hydrated Oxide of, v. AtjUminium, 
Htdboxides or. 

Aluminium, Hydroxides of. Three com- 
pounds of Al, H, and 0 are known; they re- 
act rather as hydrated oxides, AL03.irTl20 where 
a;= 1, 2, and 3, than as hydroxides. ALOj which 
has not been strongly heated takes up H^O ; but 
the definite compounds are obtained by indirect 
methods ; Al^Oa which has been strongly heated 
has no action on HD. The hydrates of Al-Da 
lose their water at a red heat. When freshly 
ppd. they dissolve easily in acids, forming the 
same salts ALX^, where X-acid radicle (v. 
Aluminium, Salts or). Thomson gives the 
following thermal values [AP, 0*, OII-’O] ~ 388,920 ; 

[Al, O’, H>] = 297,000 -, n^SO'AcjJ = 

20,990; [^^-^^<2H01Aqj- 18,010 {Th. 3, 

240). The hydrates also dissolve in KOHAq and 
NaOHAq with formation of easily decomposed 
aluminates (q. v.). The hydrates, especially 
AlaOj.OHjO, form a class of bodies called lakes 
by their action on vegetable colouring matters ; 
they pp, these colouring matters from solutions, 
hence these hydrates are used as mordants. 

I. Monohvdratk. AI 2O3.H2O ( = AlD^Hj). Oc- 
curs native as diaspore^ in transparent, trimetrio 
crystals, S.G. 3*43, which crumble to powder 
when heated but lose all H.D only at about 360’’ ; 
insoluble in water and in* boiling HClAq. By 
heating amorphous Al.pa in a closed tube with 
HjO to 240’’-250'’ Mitscherlich obtained hydrated 
AljO, nearly agreeing in composition with 
formula AlDj.HjO {J. pr. 83, 468). According 
to Becquerel {J. 1868. 87 ; J. 1874. 132) crystalline 
Al20,.H20 is produced when a tube containing 
OrjCl^Aq and covered with parchment paper is 
suspended in a solution of AljOj in KOHAq. 

II. Dihyduate. AI 2O5.2H2O (=Al20iH4). 
Occurs native as amorphous bauxite (Borthier, 

N. 86, 164). Prepared by the action of NH^ClAq 
on Al^Oj in KOHAq, washing, and drying at 100° 
•HiOwe, Z. 3, 247) ; also by ppg. hot solutions of 
Al salts by NHsAq, digesting the pp. in the 
warm liquid, washing, and drying at 100° (St. 
Gilles, A, Ch. [3] 46, 68). A dihydrate is also 
obtained by the slow decomposition of basic 

jjialuminium acetate, and subsequent evaporation 
,to dryness mt 100° (v.i.). The dihydraie is said 
to be nearly insoluble in acids and aqueous 
alkaUs* Two varieties of AI2O3.2H2O in aqueous 
solutions were obtained by Crum (C. J. 6, 226), 


(7^ 1^61. 1$3)3 respectively. Crum 
prepa^ ba^tc Al acetate 

(2Al2(02H202)..Al20,H,.3H20), 
dissolved this by heating with much water, 
heated this solution to^Vi0° in a closed tube for 
ten days, whereby the Salt was decomposed into 
acetic acid and AljO^.a^HD, then diluted, and 
boiled in an open vessel until all acetic acid was 
removed. The soi u'iou t of Al203.£cH20 thus 
obtained was colourless, tasteless, and neutral to 
litmus ; it was easily coagulated by small 
quantities of sulphuric, citric, t.artaric, and many 
other acids, and by various salts, not by acetic, 
formic, boric, and one or two otlier acids. This 
solution does not act as a mordant ; evaporated 
at 100° A1./)5.2H.I) insoluble in acids is oobtined ; 
tlie coagulated hydrate dissolves in con. acids. 
Graham dissolved ALOa.xH D in AlXl^Aq or in 
Al acetate solution, and dialysed; the aqueous 
solution of Al203.3:n20 thus obtained was very 
easily coagulated by acids, alkalis, and salts ; it 
acted as a mordant ; the coagulated hydrate 
dissolved easily in dilute acids. 

III. TKIIIYDliATK. Alo0.,.3n20 (^AlgOgH,;). 
Occurs native, in hexagonal, fibrous, crystals, 
as gibbsite, and liydrargyllite. Pre])ared by 
ppg. cold solution of Al salts by Nit.jAq, or 
(NilJ.^COjAq, washing, dissolving in HClAq, 
reppg., washing, and drying at 100°, A soft, 
friable, white powder; easily soluble fn acids 
and fixed aqueous alkalis; insoluble in water. 
When freshly ppd. it forms a gelatinous mass, 
soluble to some extent in NTI.,Aq, but reppd. 
on standing in air. Heated to redness it loses 
all its up, and contracts considerably. A 
crystalline trihydrato is formed by the action 
of air on a saturated solution of AljOj in 
KOHAq (Bonsdorff, P. 27, 275) ; it is insoluble 
in cold acids, slowly dissolved by boiling HClAq, 
more rapidly by IipOjAq. AiPj.SH.O is also 
said to bo formed by the action of HnO on A) 
amalgam (Cossa, Z. 13, 443). 

Aluminium, Iodide of. All, or A1.,I„; not 
certain, [abt. 185 'J (abt. 360°) ( Weber, *i*. 101, 
465; 103, 259). S.G. 2 ri3. V.D. 387-4 (Dev lla 
a. Troost, A. Ch. [3j 58, 257). H.F. [A1*,I''J « 1-40, 
780 (Th. 3, 240). 

Preparation, — Al in small pieces is placed iu 
a retort, about ^ to 1 p.o. of the calculated 
quantity of I is addud, COj is led in, and the. 
retort is heated until combinationoccurs ; rather 
loss than the quantity of I needed to convert, 
all the Al into Al^Ig is then added, and heating, _ 
in a steam of COo, is continued until Al^Ij sub-’ 
limes ((TUstavsoii,*il. 172, 173). 

Properties^ t£c. — White, deliquescent, plates (; 
soluble in alcohol, and CSg; soluble in water 
with production of much heat [AliJL*, Aq] = 178,000. 
(Th. 3, 240). Solqtion in HjO on standing over 
113804 gives AljIg.lijH.p. Decomposed by heat.) 
ing in 0 (Schulze, J. pr, [2J 21, 40). Forms 
double salts with alkali iodides; absorbd*NH,5 
apparently does not combine with HoS (Weber, 
P. 101, 465 ; 103, 259). ' • 

Aluminium, Nitride of. Al heated in N 
increases in weight, and heated v/ith molten 
NaOH evolves Nllj (Brieglob a. Geuther, A, 123, 
238). The compound AJ^Nj was obtained by 
Mallet (C.J. [2J 15, 349) by heating Ai with 
Na-jCOg to the highest temperature of a wind 
furnaoefor some hours in a graphite crucible, 
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ind toting the residiial mass with HClAq. 
The qotnpound is pale-yellow when* amorphous, 
bright honey-yellow and very lustrous when 
crystallised ; brittle, not hard enough to scratch 
glass ; in moist air it ^wly crumbles down to 
AI2O1 with evolution of JNH3*, it is dissolved by 
aqueous alkalis with evolution of NH, and solu- 
tion of Al; fused with KOH or NaOII, an 
aluminate is formed anl NH, is given off ; heated 
in air, NH3 is evolved and AloOa remains. 

Aluminium, Oxide of. [There are some in- 
dications of the existence of an oxide contain- 
ing more 0 than Al^Og {v. Gibson a. Morrison 
P.B.S.K 119, 146, 152).] AlA {Alumina) 
Mol. w. unknown. S.G. (amorphous) 3*725 to 
4*162 (Rose, P. 74, 429); (crystalline) 3*928. 
S.H. (corundum, 0°-98°) *10762 ; (sapphire, 
8®-97°) *21733 (Regnault, A. Gh. [3j 1, 129). 

Occurrence. — Native, nearly pure as corun- 
dum^ sapphire, topaz, amethyst, Ac.; also in 
opaque variety as emery. 

Formation. — 1. Amorphous. — 1. By 
burning powdered Al in oxygen.— 2. By ppg. boil- 
ing solution of potash-alum by (NKJaGO^Aq, 
washing, and strongly heating. — 3. By strongly 
heating ammonia-alum.— 4. By digesting clays, 
felspathic rocks, &o., with con. KOHAq under 
pressure, and ppg. by COj.— 5. By heating a 
mixture of cryolite and lime in steam, lixiviating, 
and ppg. by CO.^.— II. Crystalline.— 1. By 
fusing the amorphous Al^Og in the oxyhydrogen 
flame (Gaudin, C. B. 49, 1342). — 2. By heating 
equal parts of potash alum and K^SO, with 
oharcoal (Gaudin, A. 103, 92).— 3. By fusing 
together Al phosphate with three or four parts of 
KjjSO^ or Na2S04 (Debray, C. B. 62, 895).— 4. 
Along with Al.Pa.H^O, by heating a solution of 
AIG3 in HClAq to 350*^ in a closed tube 
(S6narmont, C. B, 32, 702). — 5. By healing to 
bright redness equal parts of amoridious Al^O., 
and PbO (Deville a. Caron, A. Gh. [4] 5, 104). 

Preparation. — The amorphous variety may 
be prepared by heating dry potash-alum for two 
•or three hours to redness, finely powdering the 
residue, washing with water, mixing with 
NaOHAq containing as much NaOH as the 
potash-alum used, drying, strongly heating, and 
washing with water (Wohler, A. 53, 422 ; Brun- 
'^ner, P. 98, 488). Grystallinc Al.^Oa may bo pre- 
pAyed by heating to whiteness a mixture of one 
part amorphous ALO3 with four parts fused 
boral^v (Ebclmen, A. Gh. [3] 33, 34). Largo 
crystald^ 1 cm. long were obtained by Deville a. 
Caron (A..Ch. [4] 5, 104) by the action of A1.P« 
on boric aoid at a high temperature. The A1..F,; 
was placed a graphite crucible, the boric acid 
being containt]d in a small Pt basin fixed above 
the AljFg ; tlt^ whole was placed in a Hessian 
crucible and heated in a wind furnace for some 
time; BF, was | volatilised and crystals of AlgO, 
temaped. v 

Properties. — Is^nown in two forms, amorphous 
and crystalline. »The amorphous variety is a 
whit?, soft, powden; cakes together when strongly 
heated, and becomies nearly as hard as corun- 
dum ; infusible exc^t in oxyhydrogen blowpipe ; 
insoluble in water ; soluble in acids and aqueous 
alkaiis, but after strongly heating becomes in- 
soluble in acids exci-pt con. HgSO^Aq and con. 
HClAq. The crystallv^ie variety forms colourless 
rUombohedra; insolubl^ in all acids; nearly as 


Hardaa diamond. Both forms are ondeoomposed 
by heat, and are unacted on by 01. ' 

Beactions.^l, With acids amorphous AljO. 
reacts to form Al salts— e.gf. Al-^-SSO^.— 2. Fused 
with potash or NaOH, or KHSO^, both amor- 
phous and crystalline AljO, form aluminates (g. v.) 
whi(li are soluble in water .—3. Amo^hous AljO, 
heated to whiteness with potassium is partly de- 
oxidised with formation of an alloy of K and Al. 
4. Heated with sal ammoniac, AI3CI3 is formed ; 
the same compound is produced by the action of 
hot BCI3, or SiCl4. — 5. AI3S3 is said to be formed 
by the action of carbon disulphide vapour on 

hot AI2O3. 6. Water is taken up by slightly 

heated amorphous AI3O3, but no definite hy^ates 
have been thus obtained {v. Aluminium, Hxobox- 
IDES of). 

Aluminium, Oxychlorides of. A scries of 
these compounds seems to exist; they may be 
obtained by the action of a mixture of AlgClj 
vapour and 0 on Al; the higher the tem- 
perature the more 0 is there in the product; 
they are soluble in dilute acids and alkalis, and 
are decomposed by water (Hautefeuillo a. Perrey, 
C. B. 100, 1219). Tomraasi {Bl. [2] 37, 443), 
describes three compounds of AlgOArt with 
AIoCJb obtained by the action of Al on CuCljAq 
under different conditions. 

Aluminium, Phosphide of. Described by 
Wohler (P. 11, 160) as a dark grey mass, which 
decomposes HD evolving PII3; produced by 
heating powdered Al to redness in vapour of P. 

Aluminium, Salts of. Salts obtained by 
replacing H of acids by Al. These salts 
belong to the form ALXg, or AIX3, where X=a 

NO3, ???, besides these, many 

basic salts (compounds of nonual salts with 
Al/):,.aTI.p) are known. Very many Al salts 
also form double salts ; the most characteristic 
of which are the alums Alo.3S04.M..SO,.24H30i 
where M= an alkali metal, Ag, or Tl (u. Alums). 
The haloid salts, the normal nitrate, sulphate, 
and acetate, are soluble in water ; most of the 
other normal salts, and almost all the basic 
salts, are insoluljle in water. The soluble salts 
possess a sweetish, astringent taste. Aqueous 
solutions of Al salts generally contain more 01 
less free acid, which is not, however, to bs 
detected by tlio ordinary tests ; Erlcnmeyer a 
Lowinsteiii (X. 3, 572) add freshly ppd 

Mg.NHpPO^, which pps. A1.^(P04)2> and forms 
MgSO^ and (NHJgSO^, the acid can then b< 
detected by litmus Ac. The number of Al salts ii 
not very large ; with some acids, c.g. sulphurous 
carbonic, Ac., it forma no salts or very unstabb 
ones which can hardly be obtained pure. Th( 
chief salts— described under Bouates, Phos 
riTATES, Ac.— are the borates, nitrates, phos 
pluitcs, silicates, and sulphates: v. also Carbo 
NATES, SULI'HITES, SeLENATES, AC. 

Aluminium, Selenide of. According t 
Wohler, Al when heated in Se vapour com 
bines with the latter to form a black powde 
wdiich is decomposed by H^O into Al30,.a;H3< 
:ind H^Se (P. 11, 160). 

Aluminium, Bilioides of. Al <^nd Si rea^ 
in almost all proportions; the products seez 
to bo of the nature of alloys. When Al i 
heated with silicates in presenoe of a flux, 
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M the silica is rcdtioed and combules 
wi^ jpairl of the Al. An alloy containing 10*8 p.c. 
.Bi,:<oiilled cast aluminiumt is grey and very 
brif^e; an alloy with 70 p.G. Si still exhibits 
metallio properties. The alloys of Si and Al are 
much more easily acted on by reagents than 
either of the elements which form them. ^ 

Alttmininm, Sulphide of. AloSj. 

If Al is heated to glowing and S is then 
thrown on to it, a black mass is produced which 
is decomposed by II.X) with evolution of H.S. A 
mixture of AI0S3 and Al,jO;,is obtained by passing 
CB.^ vapour over rod-hot AloOs. When Al...;3SO^ 
is heated in H, Al^Oa remains and HoSO^ is 
volatilised (Wdhlor, P. 11, 100). The best 
method of preparing AkSg seems to be to pass 
S vapour over hot Al in a carbon boat placed in 
a porcelain tube kept full of H. It is described 
as yellow crystals, with a bitter taste, which melt 
with difficulty, and are rapidly acted on by water 
with formation of H.,S and Al„03.icn,p (Fremy, 
A. Gh. [3] 38, 322 ; Sabatier, A. Ch. [5] 22, 88 ; 
Reichel, J. pr. [2] 12, 55). Spring {BL [2] 
89, 64) obtained a sulphide of Al by very strongly 
compressing an intimate mixture of Al and S. 

Aluminium, Telluride of. Described by 
Wohler as a black powder produced by heating 
together Al and To (P. 11, 160). 

M. M. P. M. 

AIUHINIUH AMYIATE v. Amyl alcohol. 

ALUMINIUM BROMIDE, Action of, on Or- 
ganic Bodies.— Aluminium bromide assists the 
bromination of aromatic hydrocarbons. The 
action appears to bo preceded by the formation 
of a compound AlBr360„H.,„_„ (Gnstavson, J. 
1877, 400 ; 1878, 380 ; B. 18, Ref. 208). AlRr, 
also combines with butylene; thus, when HBr 
luixed with is passed into AlBr., at 60°, the 
compound AlBr^C^H,, is formed ; the same com- 
pound is formed from AlBrj and OJIjBr, and by 
passing HBr into American or Caucasian petro- 
leum containing AlBr, at 70° (Gustavson, J. B. 
16, 95 ; B. 17, Ref. 163). 

The compound AlBrgC^H, is an oil, insol. in 
light petroleum or CS^; it is decomposed by 
water with formation of unsaturated hydro- 
carbons and by alkyl bromides at 70" with 
formation of paraffins (Gustavson, J, pr, [2] 
34, 161). 

Aluminium bromide converts alkyl chlorides 
into bromides. 

ALUMINIUM ISO-BUTYL C.gHj^Al i.e. 
Al(04Hfl),. From Al and Hg(C4H9)2. Fuming 
Rquid (Cahours, P., 1873, 522). 

ALUMINIUM ISO-BUTYLATE v. iso-Butyl 

ALCOHOL. 

ALUMINIUM CHiToRIDE, Action on Organic 
Bodies.— Aluminium chloride is converted by 
and HCl at 100° into the compound 
A1C1AHs(G.). 

Aluminium chloride added to a mixture of 
an aromatic hydrocarbon and an alkyl or alkoyl 
Chloride, bromide or iodide, promotes tho evolu- 
tion of HCl, HBr, or HI and is therefore a most 
powerful agent in organic synthesis as a means 
of introducing alkyl or alkoyl groups into an 
aromatic nucleus (Friedel a. Crafts,* G. E. 81, 
1392, 1460; 86, 74, 672; 86, 1368). Thus 
methyl-benzenes may be formed by this means 
from benzene and methyl chloride; acetophenone 


£rom benzene and acetyl chloiide. The opera- 
tion is performed by dissolving the aromatio 
hydrocarbon and the haloid derivative in CSj or 
light petroleum, and adding Aid, in successive 
small portions. The -action is completed by 
heating on a water-baoh. Condensation is also 
brought about by AlClj by the removal of water ; 
thus benzene and Ac^^O form acetophenone; 
while benzene and phlValio anhydride form 
benzoyl-benzoic acid. Under the inhuenoe of 
AICI3 other reactions also occur ; thus benzene 
I is converted by oxygen, sulphur, sulphurous acid, 
' and carbonic acid into phenol, phenyl-mercaptan, 

' benzene sulphinic acid, and benzoic acid, respeo- 
' tively. 

These reactions are perhaps due to the 
formation of such compounds as AlClsSCgH, in 
which the benzene may be supposed to be more 
unstable than when in the free state ; thus, we 
might imagine the compound to be AlHaCljPh,, 
Molecular changes may, however, take place in 
the alkyls; thus both n- and iso-propyl bro- 
mides are converted by AlBr., into the same iso- 
propyl-benzene ; this is hocause w- propyl bro- 
mide is changed by AlBi-g, into its isomeride 
(Gustavson, J. 1878, 380 ; P. 16, 958). 

In the above cases AICI3 induces the building 
up of more complicated compounds, but this 
reaction may be reversed and allcyl groups 
removed instead of introduced. Thus ethyl- 
benzene, heated with AICI3 in a stream of HCl, 
evolves ethyl chloride and is reduced to benzene 
(Jacobsen, B, 18, 338). WJion the alkyl chloride 
is not carried off by a stream of HCl it may act 
I by substitution upon another portion of the 
hydrocarbon. Thus toluene is converted by 
' boiling with AICI3 into benzene and xylene 
I (Anschutz a. Immendorff, B. 17, 2816). Some- 
' what similar reductions occur in other cases, 
the hydrogen being derived from another portion 
of the hydrocarbon. Thus naphthalene gives 
naphthalene dihydride, by reduction, and iso-di- 
naphthyl, by abstraction of hydrogen ; benzene 
gives toluene and ethyl-benzene together with 
di-tolyl ; di-phenyl-methano is reduced to ben- 
zene and toluene (Friedel a. Crafts, B, A. 1884, 
468; G,B. 100,692). 

AICI3 acting upon ?t-propyl iodide gives pro- 
pylene and HI, which then react, producing 
propane (Kohnlein, B. 16, 660). Aluminium 
bromide or iodide acting on propyl chloride or 
iodide at 130° form propylene but no propane 
(Kerez, A. 231, 286). AICI3 acting upon alcohols 
and xffienols eliminates IICl ; thus phenol gives 
(PhO)3Al.Ul3 ; resorcin gives (CgHpj) ALOI4 ; and 
di-chlorhydrin gives C3H3CI3O.AICI2, which 
crystallises from CSo. These compounds are at 
once decomposed by water i«to the alcohol, 
A1(0H)3, and HC) (Claus a.Mercklin, B, 18,2982). 
Acetyl chloride in CS.^ is converted by AICl, 
into a white solid, C,oH,40gAl3Clg, whence water 
produces a liquid C^HgO, (137°) which ^ay be* 
acetyl-acetone (Combes, C. B. 103, 814). 

ALUMINIUM ETHIDE AlCgH,5 t.t. AlEt, 
(194°). V.D. 4*6 (for 3*9) at 234°, From mer- 
curic ethide and aluminium heated at 100° for 
some hours (Buckton a. Odling, Pr. 14, 20). 
Liquid ; fumes violently in air, soon taking fire. 
Decomposed by water. Iodine forms EtI. 

Aluminium iodo-ethide AlgCgH.J, {.#. 
AljEt,!,, (340°-360°), is a fuming liquid formed 
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S r $xifion of Stl bn AS^t 180^ to^onn, A. Ok 
J5^,«j ^114.242). 

AwmnnuM bthylate alcohol. 
ALUIIIKITTM IODIDE, Action on Organic 
Bodiei. All, turns out (H .displacing it by I, e.g, 
8001, + 4 All, ^ 3CI4 + dAlCl, (Gustavson, A. 

172, 173). Aluminium iodide and aluminium 
BTO singly without action on alcohol, but to- 
gether they react, faunkig Al.Ja(0Et)3 and 
Al2(0Et)a. One molecule of aluminium iodide 
may convert very many molecules of aluminium 
into aluminium etliylatc {v. Alcohol). Other 
alcohols act similarly {v. PitoPYL, Botyl, and 
A^m^l, alcohols, Cuksol, Phenol, Naphthol 
Thymol), but methyl and iso-propyl alco- 
hols, glycol, and glycerin do not; the latter 
forms allyl alcohol (Gladstone a. Tribe, Pr. 
80, 646, 0. J. 39, 2 ; 41, 5 ; 49, 25 ; Hodgkinson, 
C. N. 1877, 237). Aluminium behaves in a 
similar way towards water and ether; it does 
not attack these bodies until after iodine has 
been added, when it reacts with water thus : 
3H,0-1-A1 = A1 (011)3 + 113, with which may be 
compared its action on alcohol: 31I0Et + Al = 
Al(OEt)3 + II3, while with ether it forms alu- 
minium iodo-cthvlate and Etl. 

ALUMINIUM METHIDE A\G,Tl, i.e. AlMca 
fc. 0°]. (130'’). V.D. 2-8 (for 2*5) at 220° ; 4 at 
160°. From Hg^fo. and A1 at 100° (Buckton 
a. (Idling, Pr. 14, 19). Takes tire in air. Ee- 
sembles AlEtj. Just above its boiling-point the 
compound seems to be Al .Me., 

ALUMINIUM PROPYL 
AlO^Hj, le. A1(0,IE)3. (240°- 245°). 

From HgPr, and Al (Cahours, J. 1873, 518). 

ALUMS. — Double stiljphnfcs or seknates ' 
having the compo.silion expressed by the gene- ! 
ral formula M.:6S{or8e)O.^.N..S{orSe)0^.2UI.X), ! 
where M=:Al,Cr, Fe, In, or Ga; and N - AVi, ! 

K,Rbi Cs, NII^, A(j, or Tl. These salts crystallise j 
in forms belonging to the regular system, usually 
in octahedra or cubes. The following are the 
best-known alums:— I. Sulphates: (1) M=AI, 
and N = Na, K, Eb, Cs, Nil,, NH 3 (C,H 3 ), Ag, or 
Tl ; (2) M = Cr, and N <= Na, K, or Nil, ; (3) M == 
Mn, and N « K, or NIl^ ; (1) M = Fe, and N - K, 
or (6) M = Ga or In, and N = N11,; (6) 

IM^ t^Al, and N = K, orNH^. II. Selexates: 
(1) M*fAl, and N = Na, K, or Nll^; (2) M~Cr, 
and N - K, or NII^. III. Mixed Selexates and 
Sulphates, M.33Sc0^.NaS0^.24H^0 : (1) M=A1, 
and N = K; (2) M = Cr, and N = K; (3) M=Fe, 
and N = K. IV. Mixed Sulphates and Selenates, 
BOS0,.N2Se0,.24H30 : (1) M^-Al, andN = K; 
(2) M = Cr, and N-K; (3) M=Mn, and 
Na'K; (4) M = Fe, and N = K. Besides these, 
there are certain double salts which resemble, 
but are not isoiuorphous with, the alums; of 
these pseudo-alums the mo?t important are 
the following :— I. Compounds of AlgSSO^ with 
(It MnSO„ (2) FeSO„ (3) MgSO,; each with 
24HaO.^ n. Compounds of Fe^.SSO^ with (1) 
MgSO^, (2) CuSO^, (3) ZnSO^; each with 24ILO. 
[II. Mn,3S04.MgS0,.24H20. 

In naming the alums, if no prefix is used, a 
double sulphate of aluminium and one of the 
metals represented by N in the formula is under- 
stood; Jhus potassium alum is 

Al23S0,.K2S0,.24H,0. 

iThe sulphates containing no aluminium are 
^ken of as chromium-sodium alum, iron-am- 


mbi^um alhndj * Ab; ' 0itnilarW, the : nmhi 
ammonium selenio-alum, and ohromium-potas* 
sium selenio-alum are used for the members of 
Group II. The salts belonging to Groups Illr 
and IV. may be called selenio- sulphuric alums ; 
the individual bodies are best distinguished by 
thei#4onniiI«). 

The alums are all soluble in water, their 
solubility in hot, being considerably greater than 
in cold, water; (potash alum, S. 3*29 at 0°; 
S. 22 at 30° ; S. 31 at 60° ; S. 357 at 100°). The 
solutions have a styptic taste and an acid re- 
action. Some of the alums are separated by 
water into their constituent salts, e.g. silver 
alum, and manganese-ammonium and potassium 
alums. Others are partially separated ; indeed 
it appears very probable that every alum is to 
some extent separated into its constituents when 
dissolved in a considerable quantity of water. 
Thus, Favre and Valson (C. li. 74, 1165) find 
the heats of solution of one equivalent of alumi- 
nium sulphate (1) in water, (2) in a solution of 
K^SO^, and (3) in a solution of (NIIJ.SO^, to be 
the same (about — 8,000) ; hence no combination 
occurs between the two sulphates in the presence 
of water. Further the heats of solution in 
water of the alums have large negative values, 
and in some cases— iron-ammonium alum— 
this value increases considerably as temperature 
rises (Favre and Valson, C. R. 74, 1016). 
G. Wiedemann (P. 126, 1 ; 135, 177), by deter- 
mining the specific magnetism (that is, magnetic 
moment developed by unit magnetising force •+ 
mass of salt in unit volume) of various salts in 
solution, has shown that an aqueous solution of 
ferric sulpliate is partly separated into sulphuric 
acid and colloidal ferric oxide, and that the 
amount of this separation increase's the larger 
the quantity of water added ; lie has also showm 
that ail aqueous solution of iron -ammonium 
alum behaves almost exactly in tlio same way as 
ferric sulphate ; hence the separation of the ferric 
sulphate by the water is independent of the 
alkaline sulphate ; and hence a dilute aqueous 
solution of this alum is to a large extent sepa- 
rated into its constituent salts. When an 
aqueous solution of potassium alum saturated at 
12° is heated to 100° a precipitate is slowly formed 
containing varying quantities of ALp,, K^O, SO3, 
and HjjO; even after 30 days the jirecipitatc con- 
tinues to be produced. The decomposition of 
the alum is hastened by adding KoSO^ to the 
solution (A. Naumann, B. 8, 1630). Chromium - 
potassium alum exists in two forms ; as violet 
crystals, and as a green non-crystallisable salt. 
When a solution of the former salt in water is 
heated to 70°-80° the colour changes to green, 
and this change is attended with a gradual in- 
crease of the volume of the solution; as ths 
green solution cools the colour slowly changes to 
violet-blue, a’hd the volume of the liquid slowly 
decreases (Boisbaudran, 0. R. 79, 1491). The 
violet crystals change at 300°-.350° to the green 
salt with loss of all their water of crystallisa- 
tion; this green dehydrated alum is wholly 
soluble in hot water, but when heated somewhat 
above 350° it suddenly changes to Meenish- 
yellow anfi becomes quite insoluble in water 
(Lowel, A. Ch. [8] 44,318 ; Siewert, A. 126, 
86). When a quantity of barium ohlori^ > 
sufficient to precipitate all the acid in a 







loiireqtaalpottioiis to an aeneous solution of the 
green form of this alum, the first and second 
fourths of the barium are at once precipitated, 
but the rest only very slowly ; moreover, the 
quantity of heat produced during the precipitation 
of the first and second fourths is much greater 
than that produced during the subsequent pre- 
cipitations (ij’avre and Valson, C. B. 74, 11C5). 
Thus, 

Qram-units of heat inodxiced, 
IbcoeiSofBaOI,. Ist fourth. 2nd fourth. 3rd <k 4th fourths. 

8261 4101 4102 146 

These results taken together show that solution 
in water of the commoner (probably of aU) alums 
is accompanied by partial separation of these 
compounds into their constituent salts, and also 
by partial decomposition of these constituents, 
certainly at least of the sulphate of the heavy j 
metal ; and that the amount of this separation 
and decomposition is increased by increasing the 
quantity of water, or by raising the temperature. 

The alums are dehydrated by the action of 
heat ; at a higher temperature a portion of the 
acid radicle is usually volatilised, and a double 
basic sulphate remains, such as native alum stone 
Al23S04.KoS0^.2Al20,.8H^0 ; at a still higher 
temperature more acid is removed and a mixture 
of alkaline sulphate and oxide of Al, Cr, Mn, or 
Fe remains ; the ammonium alums leave a 
residue of oxide only. For descriptions of the 
properties of the individual alums v. SunpiiATEs. 

M. M. P. M. 

JDI-ALURIC ACID u. Dialurio acid. 

AMALGAMS. Alloys of Mercury (v. Allots). 
Amalgams are formed (1) by direct union of 
mercury with other metals; e.g. amalgams 
of alkali metals, of Zn, Pb, Sn, Au: (2) by 
precipitation of other metals from solutions of 
their salts on mercury ; this is often done by 
placing sodium-amalgam in the solution of a 
metallio salt, sometimes by electrolysing a me- 
tallic solution in presence of mercury ; e.g. amal- 
gams of Ag, Fe, Co, Ni, Mn, Ba ; (3) by precipi- 
tation of mercury on another metal, sometimes 
it is necessary to electrolyse the mercurial solu- 
tion, making the other metal one of the elec- 
trodes ; e.g. amalgams of Cu, Ag, Au, Pt : (4) by 
placing the other metal in contact with mercury 
and a dilute acid ; e.g. Zn amalgam. The form- 
ation of amalgams is not usually attended with 
any marked thermal change, but in the produc- 
tion of amalgams of the alkali metals much heat 
is produced. Thus, [Na, HgJ = 10,300 ; [Na, Hg*^ 

« 21,600; [K, Hg^] = 20,300; [K, Hg>2] = 34,200 
(Berthclot, C.R. 88, IIJIO, 1335). In the forma- 
tion of amalgams of Sn, Pb, and Bi, heat is ab- 
sorbed. Little or no contraction of volume 
accompanies the formation of amaluams, except 
in the cases of Cu, Ag, Sn, Pb, and a few other 
metals. The relative conductivity for heat of 
some solid amalgams is considerably greater than 
that of either of the metals composing them; 
e.g, amalgams of Sn, Zn, and Bi. Many solid 
amalgams seem to be chemicalcompounds in defi- 
nite proportions ; thus when various amalgams 
oontaininj excess of mercury were subjected to a 
jpresBUre of about 70 tons on the square inch 
i§|ioury was removed, and definite bodies re- 
contain mercury and metal approxi- 


xfiiMr ia expi&Bed by ^e formnlo 

OuHg, AgHg, FeHg, Zn,Hg, Pb^Hg, PtHg, 
(Joule, 0. J» 16, 878). Again, when amsdr 
gams of Au, Ag,. Ou, PmK, and Na, were heated 
near to, to, or abdve,'^iie boiling-point of mer- 
cury (360°h the following definite amalgams were 
obtained (Be Souza, B. 8, 1616 ; 9, 1050) 

At 310° Au«Hg Arr^yr Cu,,Hg 
„ 360° Auyllg Ag,,'Hg Cu,JIg PbgHg 

440° Au„Hg Ag, 3 Hg Cu^^Hg K,Hg Na,Hg. 
Some of the liquid amalgams may be regarded 
as solutions of definite compounds in excess of 
mercury, c.j;. liquid Na and K amalgams ; others 
as solutions of metals in mercury, e.g. some of 
the iron amalgams. For descriptions of indi- 
vidual amalgams see the articles on the different 
metals, also Merc i; jit. M. M. P. M. 

AMALGAMATION. The process of forming 
Avmlgams, q. v. 

AMALIC ACID 

1. e. C3lLMe4N408. Tetra-methyl-alloxantin, 

Formation^ — 1 . On mixing a solution of di- 
methyl-alloxan with one of di-methyl-dialurio 
acid, amalio acid is ppd. (Maly a. Andreasch, M, 
3, 103). — 2. A product in the oxidation of 
caffeine by chlorine or nitrio acid (Rochleder, 
A. 71, 1). — 3. By reducing di-methyl-alloxan by 
HjS (E. Fischer, B. 14, 1912). 

Properties. — Transparent colourless crystals. 
Stains the skin red. V. si. sol. cold water or 
alcohol, si. sol. hot water. Keduccs silver salts. 
It forms deep violet compounds with baryta, 
KOH, or NaOH. 

Reactions. — 1, Oxidised by nitric add to 
di-methyl-alloxan, or, better, by passing chlo- 
rine into water in which it is suspended.— 

2 . Amalie acid may be distilled without 
leaving a residue, but it is decomposed and 
in the distillate there is a crystalline acid, 
C,.iH, 4 N 40 B, ^ desoxyamalic^ acid [260°]. 
This acid is v. sol. chloroform or glacial acetic 
acid, sparingly so in cold alcohol, v;ater or ether. 
Soluble in alkalis but reppd. by HCl. Is partly 
decomposed when distilled. Reduces boiling 
ammoniacal AgNOj. Evaporated with HNO* 
it forms dimethyl-alloxan. Chromic mixture 
converts it into cholestrophane. Hence it is 
possibly (Fischer a. Reese, A. 221, 339) : 

Mo.N - CO CO.NMe 

COHC - CHCO 
MeN - c'o CO.NMe 

3. Hydrogen sulphide forms di - methyl - di- 
alurio acid (M. a. A.). — 4. By boiling with 
water in an open vessel di-methyl-oxamide is 
produced : 

C,.,H„N 403 + H,0 + 03 = 2 C 4 H.N 3 O .4 + 4CO,. 

5. Ammonia gas turns it *iolet, forming 
murexo'in, a i.ystallinG body resembling 
murexide.— 6 . From the solution made by heat- 
ing ainalic acid (4 pts.) with cyanamide i2 pts.) 
and water (100 pts.) there separates out, on 
cooling, crystalline cyamido-amalic^ acid 
0 , 3 H, 4 N« 0 ,. Long prisms, si. sol. cold water, Vv 
sol. hot water, insol. alcohol or ether ; reduces 
silver salts, and yields methylamine and an 
oxalate when boiled with alkalis. It gives off 
purple vapours when heated, and forms % subli- 
mate (Andreasch, M. 8 , 433). 

AMANITINE v. Neuiomx. 

AMABINE V. Benzoic alduhtdc. 
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AKB^. A fossil resin from Pinites suc^ 
cinifer, S.G. 1*05 to 1*10. It contains from 
8 to 8 p.o. succinic acid, also a resin [146°] 
soluble in ether but :^t in alcohol, a resin 
'106°] soluble in alcoHtijl and other bodies. 
There is about 1 p.o. ash (0. Helm, P. [3] 11, 
229). When amber is distilled, succinic acid 
and oil of amber are goji. The latter (110°-260°) 
is a mixture of terperies (Pelletier a. Walter, 
A.Ch, [3] 9. 89). 

AMBEEIN. [25°-30°]. Extracted from am- 
bergris by hot alcohol. Ambergris is found in 
the intestines of the spermaceti whale in tropical 
climates, and also floating in the sea. Ambrein 
is insol. water, v. sol. alcohol or ether, neutral to 
litmus. It cannot be saponified. It greatly resem- 
bles cholesterin (Pelletier, A. 6, 24 ; J. Ph. 5, 40). 

AMENYL GLYCEEIN v. Tiu-oxy-pentane. 

AMENYL-VALEEIC ACID v. Decenoic acii>. 

AMETHENIC ACID (185°-230°). By 

oxidation of diamylene with chromic mixture 
(Schneider, A, 167, 200). 

Properties. — A light oil. 

Salts. — SrA'2, 8aq : nccdles.—Zn : warts ; 
aqueous solution forms a gelatinous pp. on 
heating.— Ag A': difficultly soluble pulverulontpp. 

AMIC ACIDS. Bodies represented by the 
formula X"(C02n).C0.NH2, being at once amide 
and acid, e.g. oxamic acid. 

AMIDES. Bodies derived from ammonia by 
displacing one-third of its hydrogen by a mono- 
valent acid radicle (Gorhardt a. Chiozza, A. Ch. 
[3] 46, 129). When two-tliirds of the hydrogen 
is displaced by a divalent radicle the product is 
called an imide, but if the same amount of 
hydrogen is displaced by two monovalent 
radicles the product is still called an amide. If 
the whole of the hydrogen is displaced the pro- 
duct is also called an amide unless it is displaced 
by one trivalent radicle, when it is called a nitrile. 

Amides derived from ammonia by displacing 
one-third of the hydrogen by an acid radicle, c.r/. 
NH2.CO.X, may also be looked upon as derived 
from mono-basic acids, X.CO.OII, by displace- 
ment of OH by NHj. 

Di-basio acids, Y"(C0.0H)2, form, in a 
similar way, first amicacids,Y"(CO.OfI)(CO.NIL), 
then di-amides, Y"(CO.NH2)2. Thus a di-ainide 
may be considered to be derived from two mole- 
cules of ammonia by displacing one-third of the 
hydrogen by a di-valent acid radicle. 

Formation. — 1. By action of ammonia on 
ethers : X.CO.OEt + NH, = X.CO.NH.^ + IIOEt.— 

2. By the action of ammonia on acid chlorides ; 

X.CO.CI + 2NII, = X.CO.NHj + NH,C1. 

3. By the dehydration of ammonium salts : 

X.C0.0NH4-H^ = X.C0.NIL2. The rate at 

which this decomposition is J)rought about by 
heat has been studied by Menschutkin (C. It. 
98, 1049). — 4. By action of NH3 on anhydrides: 

(X.C0)2O + 2NH, = X.CONH2 X.CO.ONH,. 

The anhydrides of di-basic acids arc converted by 
this rectetion into amic acids or imides.— 6. From 
nitriles and cold cone, hydrochloric acid 
XC3N + H20 = X.C0.NH2.— 6. From nitriles, hy- 
drogen peroxide, and very dilute KOH (Rad- 
ziszewE^i, B. 18, 356). — 7. Prepared by heating 
acids wuh ammonic sulphocyanide for three or 
four days, e.g. : 

NH4SNC + 2HOA0 = 2ACNH2 + COS + H,0 
(J. Schulze, jr.pr, [2] 27. 612). 


Pre^iiM.—The amides are usually solid, and 
their melting-points serve to identify the seyeral 
acids. They are neutral to litmus, but form 
compounds with acids ; their typical hydrogen 
can in many cases be displaced by metals (Ag or 
Jig). The typical hydrogen can be displaced by 
alkoyls, by treatment with acid chlorides, bu* 
heating with alkyl iodides does not result in the 
introduction of alkyls unless sodium has been 
previously introduced. Alkylated amides can bo 
formed by the action of alkylamines upon acid 
chlorides or ethers. 

Iteactions. — 1. Converted by dehydration (e.g. 
with P20i)into nitriles : X.CO.K Ho = X.C:N +H2O. 

2. Converted into acids by boiling potash^ 
boiling dilute IICl, fuming IlNOa, or nitrous acid : 

X.CO.NH2 + HNOa = X.CO.OH -f- HoO + N^O 
(Franchimont, 22. 2, 343). 

X.CO.NH2 + HNOo - X.CO.OH + HoO + N^. 

3. One of the typical atoms of hydrogen may 
be displaced by halogens’, when bromine and 
alkalis arc both present, compounds of the form 
X.CO.NKBr and X.CO.NKBra are produced; 
these readily split up into KBr and cyanic 
ethers XNCO (Hofmann, B. 17, 1106; 18, 2734). 

4. Phosjyhorns peiitachloride reacts thus: 

X.CO.NIL + PCI, = X.CCL.NH. + POClj. 

The resulting compound splits oil HCl giving 
X.CCL.NH,, - ITCl + XCChNH a chloro-imide 
and X.CCl:NH = HCl + XCiN.--5. PCI, acts 
upon alkylated amides, forming compounds 
with twice as many carbon atoms in the mole- 
cule. Thus ClI,.CONHEt gives CH,CCl:NEt 
which then acts thus : 

2CH3CCl:NEt = NEtiCCl.CH^.CMerNEt + HCl. 
CHa.CONHPh acts similarly, while PhCO.NHPh 
and CCl^CONHEt form only chloro-imides. 
Formanilide, IICONPhH does *1101 produce 
NPh:CCl.Cn;NPh but NPh:CH.NPhH, di- 
phcnyl-formamidino (Wallach, A. 184, 1 ; 214, 
193). 

The HCl liberated in the decomposition 
X.CCL.NHY = HCl + XCCl :N Y 
may often convert undecomposed amide into 
amidine 2X.CO.NnY HCl = 

XCO,H + XC(NY)(NHY)HC1. 
Amidines may also be formed thus : 

XCONHY + XCCI2NTIY- 
XC(N Y)(NHY)I1C1 + XCOCl. 

6 . Heated with alcohol they form alkyl-am* 
monium salts : 

X.CO.NH., + HOEt = X.CO.O.NII,Et 

X.CO.NHEt + HOEt - X.CO.O.NIT, .Etj, 
X.CO.NEt2 + HOEt X.CO.O.NHEt, 
(Baubigny, G. 22. 95, 040). — 7. ZnEt, acts thus ; 

X.OQ.NH2 + ZnEt„=X.CO.NZn + 2nEt 
Y".(C0.NH.,)3 + ZnEt^ = Y".C202N..H2Zu + 2 HEt. 
These compounds are decomposed by water, 
with reproduction of the amide (H. Gal, C. 22. 
90, 1316).— J8. Phenyl-hydrazine reacts thus; 
PhNH.NH. -t- NH.2.CO.X = PhNH.NH.CO.X -h NH, 
(F. Just, B. 19, 1201).— 9. Dry HCl converts 
primary into secondary amides ; 

2NACH2 + HCl = N A02H + NH,C1 

AMIDINES. The name is applied to com- 
pounds that contain amidogen and imidogen 
attached the same atom of carbop. Thus, 
CH3.C(NH).NH2 is called acetamidine, that is 
to say, an imide derived from acetamide, while 
C,H,C(NH)NH2 is called benz-amidine, the 
imide of oenzamide. Other names for these 
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bodies are ethenyl amidine, benzenyl amidine, 
ethenyl imid*amidey benzenyl imid-amidey acet* 
imid-amidey benz-imid-amide. The advantage 
of the imido-amide nomenclature is chiefly seen 
in naming derivatives, thus CH3.C(NEt).NH2 and 
CH3.0(NH).NEtH may be called acet-ethyl- 
imido-amide, and acet-imido-ethyl-amido, re- 
spectively. But the advantage so gained is lost 
in the great lengthening of the names, and both 
bodies will therefore be called ethyl-acetamidine 
in this dictionary. They might be distinguished 
as tertiary and secondary jthyl-acetamidine 
respectively. 

Dibasic acids can give rise to a variety of 
amide-imides, for which Wallach (.d. 214, 25G) 
proposes the following nomenclature : — 

«<C(nS)>NH 

Formation. — 1. Amidines are formed by the 
action of amines on thio-amides or nitriles : 
Ph.CN + NPh,H = Ph.C(NII).NPh2 (Bernthsen, 
A. 184, 290, 321).— 2. By the action of amines 
on the compounds (X.CChNH or X.CCliNY) 
formed by the action of PCI5 on amides (Wal- 
lach, B. 8, 1575). 

Ilcactions. — 1. H.,S forms thio-amides : 
Ph.C(NPh).NPhH -f 11,8 = Ph.CS.NPliH H.,NPh 
Ph.O(NH).NPhTI + Ph.CS.NPhll -h NH3. 
Another reaction also takes place : 

Ph.C(NH).NThH + H,S = Ph.CS.NII, NPliH,. 
This may bo explained by supposing an inter- 
mediate compound, Ph.C.(SlI)(NH2).NPhH, to 
bo formed by addition of ILS. 

2. CSo acts thus : 

Ph.C(NH).NPhH + CS2 = Ph.CS.NPhH f HNCS 
Ph.C(NH),NPh., -f CS2 = Ph.CS.M Ph., -f HNCS 
Ph.C(NPh).NPliH CS2 = Ph.CS.NPhH + PliNCS 

3. Action of aceto-acetic ether, v. p. 19. 

The reactions of the amidines are further 
described in such articles as Formamidine, 
Acetamidink, Benzamidinb, Mandel-amidixe, 

PllENYL-ACETAMIDINE, and PliENYL-RRNZAMIDINE. 

AMIDO-ACETANILIDE v. Acetyl-PHENYLENE- 
DI'AMINK. 

AMIDO-ACETIC ACID v. Glycocoll. 

Acetyl derivative V . Acetortc acid. 
Benzoyl derivative v. Ilipruitic acid. 

AMIDO-ACETO-ACETIC ACID v. Aceto- 

ICETIO ACID. 

AMIDO-ACETO-NAPHTHALIDE V. Acetyl- 

NAPHTRYLENK DI-AMINE. 

AMIDO-ACETOPHENONES i.e. 

ObH 4 (NH 2 ).CO.CHj Amidophenyl methyl ketone. 
o-Amido-acetophenone (c. 249°). 
Foi' 7 nation.—l. By reduction of o-nitro- 
acetophenone (Gevekoht, B. 15, 2086 ; A. 221, 
826 ).— 2. By action of cono. H^SO^ on a solu- 
tion of o-amido-phenyl-acotylene (Baeyer a. 
Bloem, J5. 15, 2154).— 3. By boilii^' o-amido- 
phenyl-propiolio acid with water (B, a. B.). 

Preparation.— o-kmido - phenyl - acetylene 
(50 g.) is slowly dropped into cono. H 3 SO 4 
(600 M*) diluted with water (200 0.0,). After 


half an hour, the mixture is poured upon ioe 1 
neutralised with Na^COs ; distilled with steam ; 
and the distillate extracted with ether. 50 p.o. 
of the theoretical yield is got (Baeyer a. Bloem, 
B. 17, 964). Properti^ —Thick volatile oil. 

Oxim [148°] (Mucohmeyer, B. 20, 612). 

Salts. — B'HoSO, : noodles. — B'HClSnCla: 
needles, sol. alcohol.- IiyLPtClg : yellow pp. 

Ueactio7i.—By boliiiirt' with alcoholic CLceto^ 
phevxyne and some NaOHAq it is converted into 
flavolin or phenyl -methyl- quinoline (0. Fischer, 
B. 19, 1036): CeH4(NII..).CO.Mo-hPh.CO.CH.- 
CMe:CH 

:a>h 

Acetyl derivative C,iH,{NHAc).CO.CH,. 
[77°]. Silky needles (from benzoline). Sol. 
alcohol, ether, and hot water, si. sol. cold water. 

w-Amido-acetophenone [93°]. Formed by 
reducing the nitro compound by Sn and HCI 
(Buchka, B. 10, 1714 ; Hunnius, B. 10, 2009 ; 
Engler, B. 11, 932). Short yellow pyramids, sol. 
alcohol, and ether. 

Salt. — BTICl : long pointed crystals. 

^-Amido- acetophenone [106°]. 

Formation.— From ihc nitro compound (ff.v.) 
by Sn and HCI (Drewson, A. 212, 162). 

, Prej)aration.~ AniHno (2 pts.), ZnClg (Spts.), 
and AcoO (5 pts.) are boiled together for 6 
hours ; the resulting acetyl derivative is saponi- 
fied. Yield 65 p.c. of the theoretical (Klingel, 


B. 18, 2687). 

iVoper^ies.— Long fan-like crystals (from 
water). V. sol. alcohol, ether and hot water, 
si. sol. cold water, benzene, and benzoline. 

Salts.— B'JICI : needles.— B'jH.^PtClj: slender 
yellow needles. —B'.JI^SO^ ; needles. — B 3 H 3 C. 3 O 4 : 
crystals, v. sol. alcohol. 

Acetyl derivative CrtH 4 (NHAc).CO.OH,. 
[167°]. Small needles, v. sol. alcohol, and hot 
water, si. sol. cold water. 

Ethyl derivative V . Ethyl-amido-aoeto- 


PIIENONE. 

Benzyl derivative v. Benzyl - amido- 
! acetophenone. 

I AMIDO ACIDS.— Amidogen, when attached 
I to carbon in an acid, behaves as it does in 
j amides {q. v.) or as in amines {q. v.) according as 
that carbon does or does not belong to carbonyl j 
in the former case the compound is classed as 
an ainic acid {q. v.), the term ‘ amido acid ’ is 
usually restricted to the latter class of bodies. 

Formation.— 1. From the halogen derivatives 
of fatty acids, or their ethers, by the action of 
ammonia.— 2. From tho nilro-derivatives of 
(aromatic) acids by reduction.— 3. From alde- 
hydes, by action of liydric cyanide and NH, : 

X.CHO + HCN + NH 3 = X.CH(NH 2 )CN + H 3 O. 
The nitrile is then convertoa into amide by 
cone. HCI, and this is saponified by hot dilute 
HCI. In this way a-amido acids may be pre- 
pared ; alkylamido acids can be formed ky usinffc 
alkylamines instead of ammonia (Tiemann, B. 
14, 1982 ; Stephan, C. C. 1886, 470). • 

Prqpcrfwa,— Neutral bodies which combine 
both with acids and bases. Their neutrality 
is probably due to self-saturation, as may be 
represented by a doubled formula : 

Il.CH.NH,.O.CO 

C0.0.NH,.CH.R. 

BeactioJis.— h Converted by nitrous acid 
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tiy^ (2»; f«} are first formed, and tMs formation 
lOay be utilised as a test for amido-aoids 
/Gnrtias, B. 17, 959). — ^2. When heated with 
mm or baryta, they l^it off CO* forming 
amines. This separatioir of CO.^ sometimes 
. occurs in formation 2 : thus C,jH 3 (NO.JBr(COoH) 
[4:2:1] reduces to 7 w-bromo-anilino (Scheufelen, 
A, 231, 176) ; [4:1:2] reduces to 

ni'phenylene diamine (Wursler, B. 7, 149; 
Oriess, B, 7, 1225) ; while C«H 3 (NO.J(CO.,H)., 
[4:1:2] becomes w-amido-benzoio acid. In all 
these cases the CO^ is split off from the position 
para to NOj. — 3. AcCl forms acetyl-amido acids. 
4. Excess of methyl iodide, in presence of KOH, 
converts (fatty) amido acids into ammonium 
iodides: 

CHo(NH 3 ).CO,H + 3MeI + 3KOH- 
OH,(NMe3l).CO,K + 2KI + 3H.,0 
(E6mer a. Menozzi, Q. 13, 350). p-Amido- 
benzoio acid is converted by Mel and KOH into 

the betaine while Etionly forms 

di-ethyl-amido-benzoio acid (Michael a. Wing, 
Am. 7, 195).— 5. Saturated with cupric hydroxide, 
suspended in hot water, they form blue solutions 
from which on cooling the copper salt separates. 
This occurs with leucine, glutamic acid, and 
aspartic acid. In the case of leucine, a portion 
remains dissolved, forming a blue mother liquor. 
In the case of mixtures of amido-acids, the 
copper salts are not so readily ppd., for they 
seem to render one another soluble (Schulze a. 
Barbieri, J. pr. [2] 27, 351). — 6. The methods of 
dieplacing amidogen by halogens in aromatic 
bodies are mentioned under Amines. 

AMIDO-ACRYLIC ACID CANO* i.e. 
CH(N^):CILCO,jH, is formed by the action of 
alcoholic ammonia on /3-chloracrylic acid at 
100® (Pinner a. Bischoff, A. 179, 97). H. W. 

AMIDO-AICOHOLS or Alkamines (q. v.) are 
formed by action of bases on chlorhydiins or on 
alkylene oxides, e.q. : 

OHjOLCHaOH + NH, = CH,(NH2HC1).CH2.0H, 
and 

OH,v 

^0 + NMe, + H,0 - CH,(NMe 30 H).CH 30 H. 

F. OXT-BTHVL-AMINE, NEUKINE, &C. 

AHIDO-AIIZARIN v. Oxy-amido-anthba- 

QUINONES. 

DLAMIDO.AMARINE v. A marine under 
Bbnzoio aldehyde. 

AMIDO- AMYL ALCOHOL v. Oxy-amtl-amine. 
AMIDO-AMYL-BENZENE C„H„N i.e. 
OA(OsH„)NH,. (258°) (C.); (260®-266®) (H.). 
iSa oil. Formc<l b) heating amyl-aniline 
hydrochloride af'320° (Hofmann, B. 7, 629), or 
by heating aniline with amyl Alcohol and ZnClj 
at 270® (Calm, B. 15, 1643). 

^ SaUs.— B' 2 lLS 04 : silky needles. — 
^B^B^PtClg: slender orange-yellow needles. 

Berysoyl derivative CjH 4 ( 05 H„)NHBz. 
fo. 149®]. Pearly plates ; sol. alcohol, ether, 
benzene. 

AMIDO-ANISIC ACID v. Methyl-ozY^miDO- 
. nurzoiCAcn). 

AMK)0-ANIS0L v. Methyl-kmDO-vms.noL. 
AHIDO-ANTHRACENE v. Anthramine. 
AKIDO-ANTHBAdDIHOKES OwH^NO.,. M.w. 
223* Three have been described but theory 


indioatei only two; (4 3hd fit ^ «iNi pe^hapi; 
identiojd. ^ 

O'Amido-anthraquinone 

Formation,—!. By reducing o-nitro-anthn* 
quiridme (Roemer, B. 16, 1790). 

Properties. — Ruby-red iridescent needles ; 
may be sublimed. Sol. alcohol, ether, benzene 
and HO Ac, forming orange liquids, v. si. sol» 
water. It is a weak base, dissolving in cone. 
HOI. Converted by nitrous acid into erythro- 
oxy-anthraquinone. 

Sal t.— B'HOl : unstable white needles. 

Acetyl derivative C,,H,O.^NAcH [202®J. 
Orange-red needles, sol. alcohol and cold HOlAq. 

(a)-Ainido-anthraqumone [254®]. 

Formation.—!. From bromo-nitro-anthra- 
quinone (Claus a. Hertel, B. 14, 980) or from 
di-bromo-nitro-anthraquinone (Claus a. Dieren- 
fellner, B. 14, 1334) by sodium-amalgam.— 2. 
From (a)-nitro-anthraquinone and sodium* 
amalgam (Bottger a. Petersen, A. 166, 149). 

Properties. — Rod needles, may be sublimed. 
Sol. benzene and chloroform, si. sol. alcohol, 
and ether. Differs from the preceding by in- 
solubility even in fuming HClAq. 

m-Amdo-anthraquinone 

CA<co 

Formatkm. — 1. From anthraquinone tn- 
sulphonio acid and NHaAq at 200° (Perger, JB, 
12, 1566 ; according to Bouchardat, Bl. 33, 264, 
this reaction produces amido-oxy-anthraquiuone) 

2. From its acetyl derivative, which is got by 
oxidising acetyl- anthramine by CrO, in glacial 
HOAc (Liebermann, A. 212, 61). 

Properties. —Red needles. Sol* aqueous HCl, 
insoluble in alkalis. By the action of HNO^ 
and boiling alcohol it is converted into anthra- 
quinone. 

Acetyl derivative [257®J 

(P.) ; [203®] (L.) ; colourless needles. 

Di-amido-anthraquinones 

C,4H,NA^.e. C.AA (NH.,),. 

(a)-Di-amido-anthraqumone [230®]. 

Formation.— I, From (a)- di-nitro-anthraqui- 
none either (a) by ammonic sulphide, (5) by 
aqueous NH, at 200®, nitrogen coining off 
(J. Fischer, j.pr. [2] 19, 209), or (c) by SnClj 
and NaOHAq (Bottger a. Petersen, A. 160, 148). 

2. By reduction of tetra-bromo-di-nitro-anthra* 
quinone (Claus a. Hertel, B. 14, 981). 

Properties.—Bod needles (from ether), with 
greenish reflex (when subhmed). V. si. sol 
water, m. sol. alcohol, ether or acetone, v. sol, 
benzene. The solutions are purple. Hardly 
soluble in dilute acids ; does not form salts. 

Reactions.—!. Nitroiis add passed into its 
alcoholic solution forms anthraquinone (B.a.P.). 

2. Nitrous acid passed into its ethereal solution 
forms a brownish-violet powder, 0 , 4 H 8 N 404 , 
which detonates at about 68° (B.a.P.). — 3. Potash- 
fusion produces alizarin (Bottger a. Petersen,- 
B. 4, 778), or some similar body (Liebermann, 

B. 4, 231, 779). 

()8)‘Di-amido-aiithraquinozid [above 300®], 

Formalion. — 1. By boiling (j8)-d^nitro-an* 
thraquinone with SnClg and NaOHAq (Schmidt, 
/.pr. [2] 9, 266). 

Prqp^r^.— Beddish-btown powder ; 
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red naedlea. BL aol. water* v« i^l. 
aIcoh(d» eiher» and benzene, foiming red solu- 
tions. 8ol. oono. aoids, but re-ppd. unaltered by 
water. 

^)-Di-amido-anthraqainone. 

Preparation.-r-Alizarin (20 grms.) is heated 
for 7 hours at 170*^ with ammonia solution |ii00 
> 0.0,, S.G. *916). Alcohol extracts the greater por- 
tion(6'2 grms.) of the insoluble residue (7’3 grms.). 
Water is added to the alcohol, and the pp. is 
dried in vacuo and washed with ether (H. v. 
Perger, J.pr. [2] 18, 135). 

Properties. — Indigo-blue powder, which ac- 
quires a coppery lustre when rubbed. When 
HOI is added to its blue alcoholic solution (at 0°), 
the liquid turns cherry -red and deposits brown- 
red needles of a hydrochloride, which, however, 
is so unstable as to be reconverted into the 
amorphous blue base by merely washing with 
water. It does not dye mordanted goods. 

Reactions. — 1. Boiled with potash it is con- 
?erted into oxy-amido-anthraquinone {q, v.) : 
0i4H*02(NH,)j + KOH = C,*H«02(0K)NH2 + NH,. 
2. Similar reaction by boiling HCl.— 3. Pused 
vyith potash, or heated with HCl at 250°, forms 
alizarin. — 4. By passing NjO, into its alcoholic 
solution until the blue colour is changed to pure 
yellow, it is converted into erythro-oxy-anthra- 
quinone, which is thrown down when water is 
added. Yield 95 p.c. 

(S)-l)i>amido-anthraquinone 

(S) NH,.O.H.<gO (6). 

[above 300°]. 

Formatidn.—By reducing the corresponding 
di-nitro-anthraquinone, [above 300°] (Roemer, 
H. 16, 366). 

Properfws.*-Spleudid red metallic needles 
(by sublimation). SI. sol. alcohol, etlier, acetone, 
and chloroform, with orange colour; v. si. bol. 
water. Very weak base. 

Reactions.— 1. Boiling potash has no action. 
2. Diazotisation followed by boiling with water 
converts it into anthrarufin (o, Di-oxy-anthba- 
quinonb). 

Di-acetyl derivative C,4H,^Oj(NHAc).« 
Beddish yellow needles, v. sol. alcoliol, and ether. 
AHIDO-AKTHRAQUINOO SULFHONIG ACIDS 
ChHoNSOj i.e. C„H„0,(NH,).S0,H 

o-Amido-anthraquinone sulphonio acid 

®A<Coj2l >O.H,(Niy(SO,H) [1:C:2:4). 
Formed by reducing nitro-anthraquinone sul- 
phonic acid (Lifschutz, B. 17, 899). Silvery 
needles. 

(a)-Aniido-anthraquinone sulphonic acid. — 
Prepared by reducing (a) -nitro-anthraquinone 
sulphonic acid f Claus, B. 15, 1519). 'Sol. dilute 
acids, and in hot water, si. sol. cold water, 
alcohol, and ether. 

Salts.-— NaA' l^aq : small red needles.— 
OaA'2 5aq: red needles. — BaA'jBlaq; slender 
fed needles.— CuA'2 7aq: yellowish-red needles. 

()3)-aniido-anthraqumone sulphonic acid. — 
Formed by reducing the lead salt of (/3) -nitro- 
anthraquinone sulphonio acid with H^S (Claus, 
3. 15, 1520). Red powder; v. sol. water forming 
a red solution, si. sol. alcohol, insol? ether. A 
weak acid. 

(«)-Di-amido-anthraquiiione tnl- 


" ^ U Cj^A(NH 2),SO,H. 

Obtains irohi 7(i)-di-amido-anthraquinune by 
means of HjSO* containing dissolved SO* 
(30 p.o.) ; ppd. by , water. The solution is a 
splendid red. It ma^* be crystallised from 
alcohol. Sol. glacial p"^Ao, and in acetic ether. 
Insol. ether, benzene or benzoline. On passing 
nitrous gas into it.i 'dcoholic solution anthra- 
quinone (a).sulpJ;iOiiiccaivjl is formed. Potash^ 
fusion forms alizarin. 

Salt.— BaA'.^: insol. cold water (v. Perger, 
J. pr. [2] 19, 209). 

AMIDO-ARACHIC ACID 

C^oH^NO^ i.e. C2oH3„(NH,,)02. [59°]. 

From nitro-arachio acid and SnCl.^ (Tassinari, 
B. 11, 2031). Si. sol. ether, m. sol. alcohol. 
Combines with neither aoids nor bases. 

AMIDO-AZO-COHFOUNDS v. Azo com- 
pounds. 

AMIDO-BENZALDEHYDE v. Amido-benzoio 

ALDEHYDE. 

AMIDO-BENZAMIDE v. Amido-benzoic acid. 

AMIDO-BENZ-ANILIDE v. Amido-benzoio , 

ACID. 

AMIDO-BENZEKE v. Aniline. 

Di-amido-benzene v. Phenylenb di-aminb. 

cow-Tri-amido-benzene CJI^Nai.e. C,,Hs(NH 2), 
[1:2:3]. [103°]. (336° cor.). Obtained by dis- 

tilling tri-amido-benzoic acid with pounded glass 
(Salkowsky, A. 163, 23). Crystalline; v. sol. 
water, alcohol, and ether. Its aqueous solution 
is alkaline and gives with Fe^Cla first a violet, 
then a brown pp. ; hypochlorites and nitrites 
give brown pps. Reduces cold ammoniacal 
AgNOjAq. H2SO4 containing a little HNO, 
forms a blue colour. 

Salts. — B'2I1C1: si. sol. cone, hydrio 
chloride B".— H^SO^ 2aq. 

i-Tri-amido-b'enzene CflH 3 (NH 2 ),. [1:2:4]. 
[below 100°]. (0. 340°). 

Formation.— 1. From (a).di-nitro-aniline,Sn, 
and HCl (Salkowsky, A, 174, 265). — 2. From di* 
amido-azo-benzeue p-sulphonic acid by Sn and 
HCl (Griess, B. 15, 2190).— 3. From chrysoldin 
by reduction (Witt, B. 10, 658).- 4. From di- 
nitro-benzene-azo-benzeue sulphonic acid by 
reduction (Janovsky, M. 5, 159). 

Properties.— Colourless plates. V. sol. water, 
and alcohol, si. sol. ether. Gives a red (G.) or 
green (J.) colour with Fe^ClfiAq. 

Salts.— B^H^SO^. Needles or prisms; si. sol.* 
cold water, v. si. sol. alcohol.— B"2HC1 [133°] J 
needles (Hinsberg, B. 19, 1253). 

s-Tri-amido-benzene C,iH.,(NH2), [1:3:5] (?) 
The tin double salt, OJl3(NH.,),(HCl)3SiiCl,„ of 
this base may be got from tri-nitro-benzene (gok 
by nitration of di-nitro-bonzenc) by Sn and 
HCl (Hepp, A. 215, 348). Bu1*after removing 
the tin by H^S, tiie hydrochloride of the base , 
resinifies, NH^Cl being formed, although by 
evaporation in vacuo over H2SO4 a very soluble 
white hydrochloride may be got. It gtvea m 
colour with FooClu. 

Tetra-amido-benzene C3H2(NH2)4 [♦:2;4:6] 
Formed by reduction of di-nitro-wi-phenylene dia 
mine with tin and SnCl*. The base is extremel; 
oxidisable. An aqueous solution of the hydro 
chloride when treated with Fe-^Cla gives a pp 
of brown needles of 03H2(NH2)3(NH)2H2Ul2. 

Salts.— B'^H^Cl,: v. sol. water, si. sol. cone 
aqueous HOI.— B‘%(H2S04), : sparingly solabi 
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large plates.— long sparingly solnble 
needles (Nietzki a. Hagenbaob, B. 20, 884). 

AHIDO.BENZENE STTLFHONIC ACIDS 
0«H,NS0| t.0. 04H4(NHa).S0jH. Anilitie suU 
vihomc acids. In the broltolnation of these acids 
Br never takes a position^.t to NHj (Limprioht, 
A, 191, 262). 

o.Ainido-benzene snlphonic acid 
C«H,(NH2)S03H g..lat7°. 

Fomiatio7i.-~l. From o-nitro-benzene sul- 
pbonio acid (Berndsen a. Limpricht, A. 177, 98). 
2. From m-bromo-benzeno sulphonic acid by 
nitration and reduction (Thomas, A, 186, 128). 

Properties. — Dull white crystals like rhom- 
bohedra. Also, as HA'|aq, in transparent 
shining prisms with many faces. Bromine 
added to a very dilute solution of the barium 
salt produces HoSO^, tri-bromo-aniline and 
(1, 4, 6)- bromo-amido-benzeno sulphonic acid. 

Salts (Bahlmann. A. 186, 308).— KA' iaq : 
prisms. — AgA': needles. — BaA',. (L. a. B.). — 
BaA'j 2aq (T.).— PbA'., .Uq. S. 3-4 at 6^ 

m-Amido-benzene sulphonic acid 
CeH4(NH,)SOaH [1:3]. S. 1*2 at 7° ; 1-6 at 16°. 

From w-nitro-benzene sulphonic acid by 
reduction (Laurent, 0. B, 81, 638 ; Schmitt, A. 
120, 164 ; Berndsen, A. 177, 82). Also from 
(1, 2. 4). bromo-amido-benzene sulphonic acid 
and HIAq at 120° (Goslich, A. 180, 102). 

Long slender radiating needles. Also, with 
IJaq in monoclinic prisms. SI. sol. cold water, 
V. sol. hot water, insol. alcohol, and ether. 
Aqueous solution turns red in air. When heated 
it decomposes without fusion. 

Reactions. — 1. Bromine added to an aqueous 
solution produces no tri-bromo-aniline, but 
(1, 8, 4, 6)- di-bromo-amido-benzeiie sulphonic 
acid, (1, 3, 6, 4, 6)- tri-brorao-amido-bcnzenc 
sulphonic acid, and bromanil. G/Uorine acts 
similarly (Beckurts, A, 181, 211). — 2. Does not 
produce quinone when oxidised (Meyer a. Sttiber, 
A. 166, 168). 

Salts: BaA'2 6aq. — PbA'g. 

Amide C«H^(NIL).S02NH2. [142°]. From 
m-nitro-benzene sulphamide, cone. NHgAq, and 
H3S (Limpricht a. Hybbeneth, A. 221, 204). 
White plates or long needles (from water). 

Hydro-chloride.-C,H,(NII.,Cl)SO.,NH2. 
[236°]. Needles. 

Nitrous acid, passed into a cold mixture of 
the amide with a little HNO.„ produces a di-azo 
nitrate, C^H^(N2N03).S02NH2, benzene sulph- 
amide, and a diazo-amido compound 

0,H,(S02N1L).N.,.NTI.C«U^.S02NH2 ; 
the latter, [183°], is insol. water, and is split up 
by HClAq into C«H,(S02NH2)Cl, N^, and 
NHa-CaH^SO^NH.. 

p-Amido-beiAene sulphonic acid 
C,H.(NH2)S03H [1:4]. Sulplttmilic acid. S. ‘6 
at 6°. 

Fomnation. — 1. By heating oxanilide or ani- 
line with H2SO4 (Gerliardt, J. Ph. [3] 10, 6). — 
2. By heating aniline with fuming II^SO^ at 
190° {Suckton a. Hofmann, G. J. 9, 269 ; B. 
Schmitt, A. 120, 129).— 3. From aniline and 
p-phenol sulphonic acid (Pratesi, B. 4, 970; 
kopp, B. 4, 978).— 4. By reducing j?-nitro- 
benzeni sulphonic acid.— -5. By heating aniline 
ethyl-sulphate (Limpricht, A. 177, 80). 

Preparation. — Aniline (93 g.) is slowly poured 
into H3SO4 (60 g.) diluted with water. The 


solution is evaporated and the dried sulphate li 
mixed with £[,804 (50 g.) and sand, and heated 
in a dish, with constant stirring, until it becomes 
solid. Crystallised from water. 

Properties.— PlsXos or Irimetrio prisms (with 
aq) ; monoclinic (with 2 aq). 

liltactiom. — 1. Bromine-water gives tri-bromo* 
aniline and (l,3,2,5)-di-bromo-amido-benzene 
sulphonic acid.— 2. Oxidised to quinone by 
KoCr^O, and H.S04Aq (Meyer a. Ador, A. 169, 7) 
or by MnOa and H2SO4 (Schrader, B. 8, 759).— 
8. KMn04 converts its potassium salt into the 
azo derivative CaH4(S03K).N2.CuH4.S03K (Laar, 

J. pr. [2] 20, 264), the corresponding azoxy- 
compound being also formed (Limpricht, B. 18, 
1420).— 4. PCI5 forms C«H4(S02Cl).NH.P0Cl2 
[158°], which is converted by alcohol into 
C„H4(S03Et).NH.P0(0Et)2 [102°], and by methyl 
alcohol into C,H4(S03Me).NH.r0(0iMe)2 [114°]. 
The former is split up by boiling into alcohol, 
Bulphanilic acid, and hydro-di-ethylio phosphate. 
Y. also Dl-BBOMO-AMlDO-BENZENia SULTUONIO AOID, 

Salts. — NaA' 2aq. — KA' l.^aq : triclinio 
prisms. — NH^A' l|aq. — BaA'^ S.^aq. — CuA'j 4aq. 
— Aniline sulphanilate CJI,N2IIA'. Gives off 
all its aniline at 100°. 

Acetyl derivative C,jH4(NHAc)(SOsH) — 
obtained as the sodium salt by boiling sodium 
Bulphanilato with acetic anhydride. The free 
acid has not been isolated, as it readily splits off 
acetic acid on evaporation of its solution. The 
sodium salt (A'Na) forms small colourless prisms 
very soluble in water, but loss in alcohol 
(Nietzki a. Benckiscr, B. 17, 707). 

Amido-benzene di-Bulphonio acids. 

I. C,H,NSA»^*e.C^NH2)(S03lI),. [1:3:4?] 
From 771-amido-benzene sulphonic acid and 
fuming H2SO4 at 180° (Drebes, B. 9, 652; 
Zander, A. 198, 21).— Bliombic octaliedra, v. e. 
sol. water or alcohol. 

Salt B.— (NH^)^ k" aq. - K.A" aq.- KHA" — 
BaA^liaq.-BaAA^; S. 2*9 k 8°.- PbA' aq.- 

PbH^A'V 

II. CeH3(NH.,)(S03H)2 2aq. [1:3:5]. From the 
corresponding nitro acid by reduction (Hoin- 
zelmann, A. 188, 167). Four or six sided 
columns, v. sol. water, and alcohol, insol. ether. 
Bromine water gives a pp. of bromanil. 

Salts. — (NHJ^A^aq. — HNH,A"a-aq. — 

K, A" 3aq. — K^A" 4aq. - KHA" aq. — BaA" S^aq. 

— BaH..A"2 6aq. — PbA' S^aq. — Pbll^A'^ 6aq. — 
Ag,A".' 

III. C,H3(NH2)(S0,H)3 [1:2:4]. Di-sulph- 
anilic acid. 

Fo 7 'mation.—l. By heating sulphanilio acid 
with fuming H2SO4 at 170° for 6 hours (Buck- 
ton a. Hofqiann, A. 100, 164). — 2. By heating 
o-amido-bcnzeiie sulphonic acid with fuming 
H2SO4 at 180° (Zander, A. 198, 17).-3. By 
reducing the corresponding nitro acid (Heinzel- 
mann, A. 188, 170). 

Properties.- Minute (red) clumps (from water). 
V. sol. alcohol, insol. ether. Bromine water 
gives tri-bromo-aniline, bromo-amido-benzene 
di-Bulpho^io acid, and di-bromo-ami^o-benzene 
sulphonic acid. 

Salts. — The acid salts are less soluble in 
water than the neutral ones.— (NH4)2A'^ aq : small 
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heiAgonal prisms.—NH^HA'' 2aq : clumps*— 
KjA^aq.— 'KHA"aq: silky needles.— BftA."3aq : 
four-sided plates. — BaH^A" — CaA" 2aq : 
minute white needles. — CaBL 2 A" 2 : slender 
needles. — PbA"2aq.— PbH 2 A" 2 aq: small prisms. 
— PbH 2 A "2 6aq. — Ag 2 A": prisms. — AgHA": 
needles or plates. A 

Di-amido-benzene sulphonic acids 
CjHgNjSOa. Phenylene-di-aminG sulplionic acids. 

l. OgH,(Nn 2 ) 2 (SO,H) [1 : 2 or 6 : 3]. S. 1 at 
10°. From the corresponding nitro acid (Sachse, 
A, 188, 148). — Rhombic tablets. V. si. sol. alcohol, 
insol. ether. Turns brown in air. Metallic 
salts crystallise with difficulty. 

Salts. -HA'HCl : needles.-HA'HClSnClj. 
>-HA'HBr.— H 2 A' 2 H 2 S 04 aq.-HA'H^SO^ ^aq. 

II. C,H3(NK,)2HS03 [1:2:4]. 

Small colourless needles. 

Preparation . — 1 By sulphonation of o-phpy- 
lene-diamine. — 2. By reduction of (1:2:4) nitro- 
amido-benzene sulphonic acid. 

Salts.— A'jBa + .^AH-P : easily soluble thin 
tables or needles. — A'JCa + 3H.^O : soluble tables 
or needles (Post and Hardtung, B. 13, 39; A. 
205, 98). 

m. 0,H3(NH2)2HS^1:3:4]. 

Preparation. — 1. By sulphonation of m- 
phenylene-diamine.— 2. By reduction of nitro- 
amido-benzeno sulphonic acid [1:3:4]. 

Dimorphous: monoclinio tables, a:6:c = 
1*31 : 1 : 1*30, or triclinio prisms, a:b:c = 
•424:l:-928. 

Salts.— A'^BaOaq: long soluble prisms. 
A'aCaSaq: soluble prisms or tables (Post a. 
Hardtung, B. 1», 40 ; A. 205, 104). 

Di-amido-benzene di-sulphonic acid 
CgHgNaS^Og aq i.e. aq. From 

the nitro acid by reduction (Limpricht, B. 
8, 290). V. sol. water. 

S a 1 1.— Sn A" aq : needles. 

AMIDO-B£NZ£N£ FHOSFHONIC ACID 
CgH^NPO., i.e. 0,H,(NH2)PO(OH).,. From the 
nitro acid, tin, and HCl. Slender needles (from 
water) ; v. si. sol, water, v. sol. HClAq ; iusol. 
alcohol and ether. Salt s.— Na^A" 3aq. — PbA". 
CuA". — AgoA" (Michaelis a. Benzinger, A, 188, 
282). 

DI-AMIDO-B£NZHYDEOL v. Di-amido-w- 

PHENYL-CAIUUNOIi. 

AMID0-B£NZ0IC ACIDS 0,H,NO, i.e. 
OsH,(NH,).C02H. M. w. 137. The following 
derivatives are described in special articles : 
Nitbo-amido-benzoio acid, Chloko-amido-benzoic 

ACID, ChLORO - METHYL - AMIDO - BENZOIC ACID, 
MeTHTlL - AMIDO - BENZOIC ACID, EtUYL - AMIDO- 
BENZOIO ACID, PhENYL-AMIDO-BENZOIO ACID. 

o-Amido-benzoic acid C,li,(NH2).(J02H [1:2]. 
Anihranilic acid. [144°-145°]. 
Formation.— 1. By reducing o-nitro-benzoio 
acid (Beilstein a. Kuhlberg, A. 163, 138). — 2. 
By boiling indigo with KOHAq (Fritzsche, A. 
89, 83).— 3. From (1, 2, 3), or (1, 4, 6)-bromo- 
amido-benzoic acid by sodium -amalgam (Hiibner 
a. Petermaj^n, A. 149, 133).— 4. From its acetyl 
derivative and boiling cone. HCl.— o. From 
isatoio acid (g. v.) and boiling oono. HCl. 

Properties.— VlsXeBt or rhombic crystals 
(Haushofer, A. 193, 233). May be sublimed. 

f 


y. s6l. water, Aud. alcohol. Oonverted by nitrous 
add inio salicylic acid; and by sodium-amal- 
gam into NHj and benzoic acid. HCl and KOlO, 
form ohloranil (Hofmann, A* 52, 65). Its 
anhydr ideia describeif as Anthranil. 

Salts.— HA'HCl: ;'*J1°]; needles (Kubel, 
A. 102, 236).— HA'HNO,.— (HA'),H,,SO,2aq: 
needles [188°]. — (HA') ,H>gO,aq. — (HA') 2 H 2 C 204 * 
— BaA'j! v. e. p./!. si. sol. alcohol. — 

PbA'.,.— CuA'j.— AgA'. 

Ethyl ether EtA'. (260°). Liquid; its 
hydrochloride, EtA'IICl, [170°], forms needles, 
insol. ether, and may be sublimed. 

Beactions.—l. Nitrous acid produces sali- 
cylic acid (Gcrland, A. 86, 143) or diazobenzoio 
acid (d. Di-AZf) compounds). —2. KCNO converts 
the hydrochloride of o-ainido-bcnzoic acid into 
uramido-benzoic acid (q. v.) ; Potassium sulpho- 
cyanide forms, similarly, thio-uramido-benzoio 
acid {q. t?.). — 3. Phenyl cyanate {q. v.) forms 
NlI,.Cgn,.CO.NPh.CO.NPhH. — 4. Cyanogen 
passed into an aqueous solution forms CuH^NjO 
(Griess, B. 11, 1986), while in an alcoholio 
solution it forms CiuHjoN^Ov, [173°] (Griess, B. 
2, 415). The latter is converted by boiling HCl 
into CsHfiN.O.., [above 350^], which is probably 
vNILCO 

OgH^^ I since it can be formed by heating 
\O.NH, 

o-amido-benzoio acid with urea. It forms 
crystalline nitro- and ainido-derivatives. 

The compound CioHioN^O^ ‘ ethoxyl cyan- 
amidobenzoyl ’ is converted by alcoholic NH, at 
100° into benzereatinine {q. v.). 

The compound CgH^NaO ‘ di-cyano-amido- 
benzoyl,’ may be represented thus : 

> CO.N 

II (Griess, B. 18, 2417). This 

\nh.c.cn 

body gives the following reactions.— a. Strong 
.CO.N 

NHoAq converts it into CJI,^ || 

^NII.C.CO.NH2, 

* carboxamido-cyano-amido-benzoyl.’ — b. Aque- 
ous ammonium sulphide forms the corresponding 
.CO.N 

C^HX II — c. Baryta water forms 

NNII.C.CS.NHj. 

.CO.N 

CgH,^ II ‘ carboxy-oyano-amido-ben- 

NNH.C.COsH, 

zoyl ’ ; wliich is converted by dry distillation 
.CO.N 

into CgH^^ II ‘ carbimido-amido-benzoyl.' 

\nh.ch 


— d. w-amido-benzoio acid produces the anhy> 
drido of di-phenyl-guauidine dicarboxylio acid, 
. CO.N * 

CJIiC II • p-phenylene- 

\NH.C.NH.CeH,.C02H. 

diamine produces the anhydride of ami|^o-di- 
phenyl-guanidine carboxylic acid 
.CO.N 

Cfill/ II All these bodies may 

NNH.0.NH.0gH,.NH2. 

.CH*:N 

be looked upon as derivatives of C-H.^ | 

\KaCH 


which may be called Quinaeoline. 

Formyl derivative CBH^(NHCHO)C02H^aq. 
[168°]. Formed by heating isatoio or o-amido- 
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Jmugjdo iddi f Aoid (E. v. Meyer a. 
Bellidaim, J. r2] 88, 24). Hair-like needles ; 
soL alcohol, el. sol. benzene. 

Aeetyl derivative 0«H4(NHAo)GO^. 
[180®]. Formed by boj^g anthranil (g. v.) ^nth 
A.0jO and treating the pni‘duot with water (Fried- 
lander a. Henriques, B. l5, 2105). Also by oxi- 
dation of {Py. 3)- methyl -quinoline by KMn04 
(Doebner a. Miller, Bm 15| 307.^). 

Preparation. — Acetyl-o-toiVidine (1 g.) is 
oxidised by KMn04 (2 g.) dissolved in water 
(200 O.C.), the liquid being kept neutral by acetic 
acid (Bedson a. King, C. J. 37, 762). 

Properties. — Lustrous leaflets (from water). 
Prisms (from HO Ac). Trimctrio, aib:e = 
•982:1:2-803 (Fletcher). 

Salts.— Vhk\ : flocculent pp.— AgA' : needles. 
Tests. — Solution of sodium salt gives with 
lead acetate a pp. sol. in acetic acid, with CaCl^ 
a pp. only on adding alcohol. 

Di-acetyl derivative OsH4(NAo2)C02H. 
[220®].— AgA'. 

Ohloro -acetyl derivative 
C4H4(NH.C0.CH2C1).C02H. From acetyl deri- 
vative and PClj (Jackson, B. 14, 888). Clumps. 

Di-chloro-acetyl derivative 
C4H4(NH.CO.CHOl2),Cb2H. [c. 173'^]. Prepared 
like the preceding. Yellowish needles (from 
water). 

Salt.-AgA'. 

Beneoyl derivative CeH4(NnBz).CO^H. 
[182®]. By BzCl; or by acting on benzoyl-o- 
toluidine with KMn04Aq (Bruckner, A. 205, 
130). Long needles (from alcohol) ; insol. water. 

Salts. — NaA' 4aq.— MgA'j 4aq.— CaA'g 3aq. 
— BaA'j 3aq. 

Oxaloxyl derivative v . Carboxt-phenyl- 

OZAinO ACID. 

Amide CgH4(NH2)CO.NH2. • Amido-benz- 
amide. [108°]. (300°). From NHj and isatoio 
acid (g.v.). White plates (from chloroform). SI. 
sol. benzene and ether. Aqueous solution of 
(1 mol.) of its hydrochloride gives with NaN02 
needles of G7H5N3O, [213°]. This compound 
' forms salts, e.g. C^HiNaNjO, and a methyl ether, 
; 07H4MeN,0. The methyl ether, [123°], is also 
formed from the methylamide of o-amido-benzoic 
acid. The new substance is probably 
>CO.NH 

P|H4^ I (Weddige a. Finger, J.pr. [2] 35, 
262). 

Aoetyl-amido-benzamide 
O.H4 (NHAo)CONH 2. [171®]. ByAo20. Needles. 
Forms salts with acids. If kept melted for some 
time it becomes solid, changing to the anhydro- 
• .NH.C.CH, 

compound, CM.C 11 ♦ Oxy-methyl-quin- 

^CO.N 

azoUne [228°]. Yellow silky needles (from alco- 
• hoi). * Soluble in hot water. Forms salts with 
acids. 

F0rmyl-a mi do-benz amide 
04H4(NH.CH0)C0NH2. [123°]. From dry formic 
acid and o-amido-benzamide. When heated 
^is gives 11,0 and an anhydro-compound 

K NH.C.H 

11 Oxy-quinazoline (A. Weddige, 
CO.N 

V. pr. [2J31,124}. 


AUlidz 6^4(N^OO.NHPh; 

aniline and isatoio acid. Needles (from bena^)^ 

Phenyl-hydraeide 

O.H4(NHJCO.NPh.NH2. [170®]. Firbm isatoio 
acid and phe-i^l hydrazine in alcoholic solution 
at 70®. YelLw needles; sol. alcohol and chloro* 
fown, v. si. sol. ether (E. v. Meyer a. Bellmann, 
J.])r. [2] 33, 21). 

nydroxylamide ObH 4(NH2)OO.NH,OH. 
[82°]. From isatoic acid (g. v.) and hydroxylamine 
solution (M. a. B.). Yellowish plates, sol. 
alcohol, ether, and chloroform. 

o-Oxy-phenyl ether 

C4H4(NH2).C02.0«H40H. [136°]. From isatoio 
acid and pyrocatechin at 130° (M. a. B.). Needles 
(from water). Sol. alcohol and ether, si. soL 

m-Amido-benzoic acid 04H4(NH2).C02H [1:8J. 
[173°-174°]. S.G. 1-51 at 4" ; S. 2 in cold water, 
4 in boiling water or alcohol. 

Formation. — 1. From w-nitro-benzoio acid 
by reduction (Zinin, J. pr. 36, 103 ; Gerland, 

A. 86, 143; 91, 185; Schiff, A. 101,94; Beil- 
stein a. Wilbrand, A. 128, 265).— 2. From nitro- 
phthalio acid, Sn, and HCl (Faust, Z. [2] 6, 
335).— 3. From C4H3Br(NH2)C02H [4:3:1] by 
sodium-amalgam (Kavcill, A. 222, 180). 

Properties. — Crystalline clumps ; sweet taste ; 
may be sublimed. Aqueous solutions are browned 
by air. 

Beactions.—l. HOI and KCIO3 form ohloraniL 

2. Bromine forms tri-bromo-amido-benzoio 
acid. 

3. Nitrous acid forms wi-di-Azo-benzoic acid. 

4. The solution containing m-diazo-benzoio 
acid gives m-oxy-benzoic acid on heating. 

6. Fusion with urea produces uramido-ben- 
zoic acid (g. v.). • 

6. Boiling with CSj and alcohol produces 
t hi o-car bony 1-di-ami do-di-benzoio acid, 
CS(NH.C4H4.C02H)2 (Merz a. Weith, B. 3, 
812). This body is also formed by heating 
m-amido-benzoio acid with thio-urea ; and, 
together with thio-carbimido-benzoio acid, by 
heating m - amido - benzoic acid with CSC4 
(Bathke a. Sohiifer, A. 169, 101). Thio-carbonyl- 
di-amido-di-benzoic acid does not melt below 
300°; it is v. si. sol. water, m. sol. alcohol or 
ether; converted by HgO, in presence of KOH 
(Griess, A. 172, 169), into carbonyl-di-amido-di- 
benzoic acid. 

7. CSCI2 produces the last-mentioned body 
and also thio - carbimido - benzoic acid 
SON.CBH4.CO2H. This may also be prepared 
by boiling thic - carbonyl - di - amido - benzoic 
acid with HCl. It is an amorphous insolu- 
ble powder, v. si. sol. alcohol. Decomposes 
above 310°. It unites with aniline forming: 
di-phenyl-thio-urea carboxylic acid, 
PhNH.CS.NH.OBH4.CO2H [191°]. This body is 
also formdd by heating phenyl-thio-carbimkle 
with m-amido-bonzoio acid at 100^ (Merz a. 
Weith, B. 3, 244). It forms slender needles 
(from water). V. sol. alcohol, and ether, si. 
sol. benzene, and benzoline. AgNO, added to 
its alkaline solution gives a black pp. of Ag^S \ 
FejClBAq gives a yellow pp.; Pb(OAo)2 a white 
pp.; and«CuS04 a green pp. (Aschan,©. 17, 430);. 

8. Phosgene prodneeB oarbonyl-di-amido> 
di-benzoio aoidCO(NH.OA.002H)2 (Sarauw,; 

B. 15, 44). This body is also formed by hM*^ 



lae ^ 

(Trij^t B. Ut 2124). White powder ; ipsol. 
wal^r, alooholf and benzene, sol. alkalis.— 
BaA"8aq.— Ag*A".— PbA" Its ether Et^A", 
[161^-162°], is formed by heating w-uramido- 
beiusoio ether (Griess, J, pr, [2] 4, 294) : needles 
(from dilute alcohol). 

9. Phenyl cyanate forms on heatifg, 
phenyl-uramido-benzoio acid, 
NPhH.CO.NH.C«H,.CO,8H. [270°]. Concentric 
prisms, sol. alcohol, si. sol. ether, insol. water 
(Kiihn, B, 17, 2882). 

10. Aqueous KONO evaporated with wt-amido- 
benzoic acid forms thio-uramido-benzoic 


acid NH2.CS.NH.C„H,.C0,H (Arzruni, B. 4, 406). 

11. Phenyl cyanate (q.v.) forms di-phenyl- 
urea carboxylic acid COjH.CflH^.NH.CO.NrhH. 

12. PCI3 converts amido-bonzoic acid into a 
white powder which, when extracted with water, 
yields a solution greatly resembling solutions 
of albuminous substances. Thus if a little 
lime-water, NaCl, or MgSO^, be added the liquid 
may be coagulated by heat, more especially if 
COj be passed through the solution before heat 
is applied (Grimaux, G^R- 98, 231, 1336). 

13. Cyanogen gas passed into an aqueous solu- 
tion forma a dicyanide of amido-benzoic acid, 
and oyan-carbiinid-amido-bonzoic acid. Cyano- 
gen passed into an alcoholic solution forms the 
dicyanide, guanido-di-benzoic acid, and ethoxy- 
carbimid-amido-benzoio acid. 


The di-cyanide (CN).2NH.^.CaIl4.C02H, is 
a yellow, crystalline powder, inaol. water, v. si. 
sol. alcohol or other. It does not form metallic 
salts (Griess, B, 11, 1986; Griess a. Leibius, A, 
113, 332). On distillation it forms m-amido- 
b^nzonitrile (Griess, B. 1, 191 ; Hofmann, B, 
1, 194). Iloiliqg KOHAq or HCl converts it 
into benz-crcatine {q. v.) (Griess, B. 3, 703). 

Oyano-carhimidamido -benzoic acid 
C03H,0aH4.NH.C(Nn).CN forms elliptic plaV. ^ 
V. si. sol. cold water, sol. acids and alkalis. It 


reacts as follows ; — a. Nitrous acid converts it | 
into oyano - oarboxamido - benzoic acid, 
C03H.O«H^.NH.CO.CN. (Griess, B. 18, 2415), 
which forms white plates, insol. cold water, with 
sweetish taste ; boiling water converts it into 
HCN, CO2, and carboxy-amido-bonzoic acid ; 
dilute NHjAq forms uramido-benzoio acid.— 6. 
Cold dilute 11 Cl forms small prisms of carbox- 
amide ■ carb i midamido - benzoic acid 
OO.3H.0eH4.NH.C(NH).C().NH2; v. sol. hot water; 

, its aurochloride, HA'HAuCl* l|aq, crystallises 
in needles (G.).— c. Cold aqueous di-methyl- 

amine forms C03H.06H4.NH.C(NH).C(NH).NMc2 ; 

six-sided plates, v. sol. hot water, si. sol. cold 
water, converted by hot NajCO, aq into m- 
carboxy-phenyl-oxamide NH, and NMejH. 

Quanido-di-bemoic acid 
NH:0 (NH.CbH 4.C03II)2 is also formed fromthio- 
oarbonyl-di-amido-di-benzoic acid, ilgO, and 
NH, (Griess, A. 172, 172). It is crystalline. 
Salti-BaA",-HA"nCl.-{H.^"HCl),PtCl,. 

Ethoxy • carbimidamido - benzoic 
acid, Et6.C(NH).NH.CaH4.C02Hliaq forms 
needles (from water), sol. alcohol, and ether; 
converted by alkalis into alcohol and uramido- 
benzoio aciA ; nitrous acid converts it into 

Oaiboxy-amido-benzoio acid mono- 
e;thyl ether C03Et.NH.C,H4.003H [189°]. 

; ThjiS; iK^id is also formed from amido-benzoio 


acid Aad 14 -orystaHlses in plates 

(from water). Salts. — BaA '3 2aq. — AgA' 
(Griess, B, 9, >796; Waohendorff, B. 11, 701). 
Ether "KtAf [101°] ; plates (from water). Amide 
0,oH,oNO,NH3. [168°] (W.). 

Salts.— HA'HCl : r/isms (Cahours, A, Clu 
[3] 53, 322).—(HA'HClfftCl,.-HATICISnCl3.- 
HA'HBr. -HA'HNa<-(HA')..HoS04aq. [225°]. 
HA'H3P04 (Harbqrj5;.^. 423, 290).— liaA'jdaq. 
— CaA'a 3aq. -^^uA'2 — PbA'^. Needles. - - 
MgA'3 7aq.- Agl'-NaA' (at 100°) (Voit, A. 99, 
100 ).— SrA'2 2aq.— ZnA'. (when dried at 100°). 

Methyl ether. — MeA'. Oil (Chancel, 0 . jB. 
30, 751). 

Ethyl ether. — EtA'. (294°). Liquid, sol. 
water; from ??i-nitro-benzoio ether. Salts; 
EtATICl. [185°]. (Miillor, B, 19, 1493). — 
(EtAHCl)3PtCl4.-EtATINO, ; prisms. 

Acetyl derivative CuH4(NHAo).C02H. 
[245°]. Formation. — 1. By AcCl or by HOAo 
at 140° (G. C. Foster, 0. J. 13, 235).-2. From 
amido-benzoic acid (10 g.) and acetic ether (26 
O.C.) at 150°. (Pollizzari, A. 232, 148).— 3. From 
amido-benzoic acid and acetamide (P.), or 
(Kaiser, B. 18, 2946). Properties. — "V^ito powder, 
V. sol. hot alcohol, si. sol. hot water, v. si. sol. 
cold water and ether. Dissolves in Na^HPO.Aq, 
but rc-ppd. by HOAo. May be sublimed. Salts. 
— BaA'2 3aq: needles. — CaA'^ 3aq. — NaA'(at 120°). 
Formyl derivative 

C,n4(NH.CH0).C03H. [225°] (Pellizzari. G. 15, 


.555). 

Heptoyl derivative 
C,H,(NH.C*,H,30).C02H. [202^] (P.) 

Glycollyl derivative 
C,H4(NII.C0.CH30H).C0,n. [212°]. Gives at 

220° the anhydride <^^q^^N.O JI^.CO.^H, [248°]. 


Acetyl derivative. [198°]. 

Laclyl d.erivative 

CH,.CII(dH).C0.NH.C,H4.C03H. [162°]. Its 
anhydride melts at [243°] (P.). 

Benzoyl-derivative CeH4(NHBz)CO,H. 
[248°]. 1. From amido-benzoic acid and benz- 
amidc at 180° for 2 hours.— 2. By boiling amido- 
benzoic acid (2g.) with benzoic ether (4 0.0.) for 
6 hours (Pellizzari, il. 232, 150). — 3. From amido- 
benzoic acid and benzanilide at 230° (P.). Mi- 
nute prisms (from alcohol). Soluble with ease 
in alcohol, less so in ether or water. Its Ca 
and Ba salts are soluble. Resolved by hot EOH 
into benzoic and amido-benzoio acids. Anilide, 
— C,H,(NHBz)CONPhH. [225°]. By heating 
C6H4 (NBzH)C 02H with aniline for some hours. 

Oxaloxyl derivative v. Carboxy-phbntl- 


OXAMIO ACID. 

SuLciny I -derivative C^EfaNO^ or 
Cn3.C=N.C,H4.CO.,H. ^ 

I \ • (?). [235°]. Formed by 

CH...CO.O 

melting succinoxyl-amido-bonzoio acid, or by 
fusing succinic and amido-benzoio acids together 
(Muretow, J, B, 4, 295 ; Pellizzari, B. 18, 215). 
Needles (from alcohol). SI. sol. cold water. 
Salt s.— BaA'j 2aq.— AgA'. 

Succinoxyl derivative OuHnNO. 
C0,H.CH3.CH,.C0.NH.0^4.C0,H. [230°]. From 
the preceding by boiling with water, baiyta or 
ammonia (M.). Plates ; m. sol. water. 
BaA" l^aq. 

I SuGcinyl-di-amido-di-bcnzoic acid 





0,iH,tNiO, U Qfl.(OOJJH.O,H..COJBt)r <?) 
r«.300°]. Fonned together with 
OOJBliOHrCIHrCO.NH.OA- 002 H by heetlng 
klooholio sucoinio ether with amido-benzoioacid 
(M,i P.), Also from sucoinyl-amido-benzoio 
acid, alcohol, and HCl ^I.). White crystalline 
powder. Soluble in KOSj^^. Salts: CaA"7aq. 
S. ;2,— BaA'' 5aq : needles:,^ 

Phthalyl der4V0*^'t\\. 0 ,iiH„N 04 Le. 
C,H,:CA:N.C,H,.C0„H. [282* Formed to- 

gethcr with its ether by heating amido-benzoio 
acid with phthalic ether (Pellizzari, B. 18, 216). 
Ethyl ether: A'Et. [152°] : radiating needles. 

Sebacyl derivative i.e. 

C8H,„(C0.NH.C«H,. COoH),. [275°]. 'Formed 
together with CO.,Et.Cj,H,a.CO.NH.CBH4.CO«H by 
heating scbacio ether with amido-bcnzoic acid in 
alcoholic solution (P.). White powder, si. sol. in 
most menstrua. 


Amide CaH4(NH.).CO.NHaaq. Afnido-benz- 
amide, [75°J; when dry [above 100°]. From 
wi-nitrobenzamide by ammonium sulphide (H. 
Schiff, A. 218, 185 ; Chancel, A. 72, 274). 

Properties, — Large, yellow crystals. Unites 
with acids fonning compounds : — CylLNoOHCl : 
needle8.-CJI«N,OHNO,.— (C-HaN^OHClj^PtClg. 
— CyHHNoOAgNOa : needles. 

Reactions.— 1. Aqueous solutions (even when 
very dilute) give with fatty aldehydes crystalline 
pps. of the form E.CH(NH.C«H4.CO.NH,).,. 
These are soluble in alcohol, but give with 
HNOj containing CrOj a violet colour. They 
differ from original amido-benzamides in being 
no longer basic and in giving no coloured com- 
pounds with fnrfurol solution.— 2. Aqueous 
saliciflic aldehyde gives yellowish needles of 
C«h;(OH).CH:N.C 6H4NH2. [186°]. V. c. sol. 
alcohol or warm water. This compound, o-oxy- 
benzylidene-amido-bonzamide, boiled with ben- 
zoic aldehyde forms a product OanHoaN^Oj, in- 
soluble in water, alcohol, ether, toluene, chloro- 
form or CSj, but may be crystallised from phenol 
(2 vols.) and alcohol (1 vol.). It may be con- 
sidered to be an anhydride of 

C«n5.CH(Nn.C0.C,H4,N:CH.C,H4.0H),. 
Boiled with Ac.O it takes up 1 molecule of Ac._,0 
forming small needles. Dilute aqueous NH, 
reproduces the compound CaJL^N^Oj. — 3. 
PLelicin (2 pts.), 7W-aniido-benzamide (1 pt.), and 
water (10 pts.) form yellowish plates of a gluco- 
side of o-oxy-benzylidene-amido-benzaraide 
[113°] : NH..C0.C«H4.N:CH.C«H,.0.C«H„0,2aq. 
4. Boiled with an alcoholic solution of isatin 
it forms a crystalline powder [c. 280°] of isat- 
amido-benzamide : 

.•N.CJI^.CO.NIL. The compounds 


NHo.CO.CaH^.NrX derived irom aldehydes and 
amido-benzamide are decomposed by heating 
with, aniline into amido-benzamide and PhN;X 
(Schiff, 0. 13, 113 ; A. 218, 185). 

Phthalyl -amido-benzamide 
NH^O.C,H,.N:C.C,H, 

A /a [240'’-241<>]. Got by 

fusing w-amido-benzamide with phthalic anhy- 
dride. Bundles of slender needles (from alcohol). 
V. Si, sol. water. Heated with aniline gives 
phenyl-phthalimide and amido-benzamide (H. 

fiohiffy A, 218. 194). 


fH^Amido^d)en9aniidcx%m 
OA(NEy,C(NH 2 ):NOH. A crystaUine loUd ; 
formed by reduction of w-nitro-benz-amidoxiin 
with SnOlg. Salt.— -B'HCl; prisms (SchSpff, 
J3. 18, 2472). 

Anilide NH2.OflH4.CO.NPhH. Amido- 
henzanilide. [129°]. (P.) ; [114°] (E. a. V.). 
Fd|,med by heating w-amido-benzoic acid with 
aniline (Piutti, B. 16, 1321) or by reducing m- 
nitro-benzanilide (Engler a. Volkhausen, B. 8, 
35).— Silvery scales (P.) or long needles (from 
water, B. a. V.). Heated with aniline at 200° 
it forms two isomerides, (O^HaNO)^, one soluble 
in alcohol, [225°], called ‘ amido-benzoido,’ and 
the other an insoluble powder (Piutti, 0. 13, 339). 
Salts: C,flH,2N.20HCl.— (C,2H,2N20)2H,S04 

p - Amido - benzoic acid C,iH4(NH2)C02H. 
[186°-187°]. Amido-dracylic acid. 

Fo7i7iation. — 1. By reducing p-nitro-benzoio 
acid (G. Fischer, A. 127, 142; Wilbrand a. 
Beilstein, A. 128, 264). — 2. By boiling its 
succinoxyl-derivative with HCl (Michael, B. 10, 
576). 

Preparation.— pts. of acetyl-p-toluidine is 
suspended in about 2000 pts. of boiling water 
and oxidised by slowly adding 200 pts. of finely 
powdered KMnO,. The solution is filtered from 
MnOj, the acetamido-benzoic acid ppd. by HCl, 
and saponified by boiling for an hour with strong 
HCl (Kaiser, B. 18, 2942). 

Properties.— Long white needles, not coloured 
by moist air. When heated with urea it forms 
C0(NH.CflH4.C02H)2 (Griess, J.pr. [2] 5, 370). 

Salts.— BaA'3: shining laminio, sol. water. 
— A'.Pb.OAc, ppd' by Pb(()Ac)2Aq (Ladenburg, 
B. 6, 130). — (HA')2H,S04. — The copper-salt 
is a dark-green pp. (Goitner a. Beilstein, A, 
139, 1). 

Acetyl derivative Cflft4(NHAc).C02H. 
[250°]. Formed from acetyl-p-toluidine by 
KMn04 (Hofmann, B. 9, 1302). Needles, si. 
sol. water. Salt: Ag A'. 

Be^izoyl derivative C,jn4(NHI3z)C02H. 
[278°]. From bcnzoyl-p-toluidine, CrOj, and 
HOAc (Bruckner, A. 205, 127).— Small needles 
(from alcohol). Salts. — BaA^ — CaA'2. 

Szcccinoxy I -derivative 
C0.,H.Cn.,.CH2.C0.NH.C„H4.C02H. [226°]. From 
p-tolyl-succinimido and dilute KMn04 (Michael, 
B. 8, 677). Yellowish needles, si. sol. cold 
water. Salt.— CnHiflNO^Ag. 

Amide CflH,(NH.,).CO.NH2. [170°]. Formed 
by reducing p-nitro-benzamide (Beilstein a. 
Beichenbach, A. 132, 144). Yellow crystals, si. 
sol. water. 

Di-amido-benzoio acids C7HgN202 (Griess, 
A. 154, 325; B. 2, 47, 434; 5, 102; 7, 1227; 
17, 603 ; Pr. 20, 168 ; Wurster a. Ambiilil, B. 
7, 213 ; V. Meyer a. Wurster, B. 6, 635 ; A. 
171, 62). These acids can be formed by 
reducing ithe corresponding di-nitro-, or nitro- 
amido-, benzoic acids. They are soluble in water, 
combine both with acids and bases, and split 
up, when distilled with baryta, into CO, and 
phenylene-diamine. 

Nitrous acid converts the (a) acid into amido* 
di-azo-benzoio acid, CflH3(NH2)<||^^^0; the 

(j8) and (y) acids are converted by it intb 
azimido-benzoic acids, HN3:C.H,.C02H, while 
the symmetrical acid becomes tn-amido-azo-beiii 





Mio Mid OA(xVHa)(00^).N,.0,Ha(NHJaOOi^a 
V. ASW> compounds. 

a-di-amido-bemoic acid 
0 A(C02H)(NHo),aq [1:3:6]. [228'^]. S. 1-1 at 8® 
(Voit, A. 99, 106 ; Hiibner, A. 222, 85). Colour- 
less needles, neutral to litmus ; loses aq at 110®. 
Very dilute solutions are turned yellow by HNO^. 

Salts. — HA'2HC1 : needles. -HA'II^SOl— 
B. 1-05 at ll°.-BaA', l^aq.— AgA' 2aq. 

Amide CJl3(CONH.,)(NH5j)3 di-amido-henz- 
amide. [177"] (V.); ‘[183®] (M.). Needles 
(Muretow, Z. [2] 6, 642). Salt.— 

07 HjN, 02HC1 : silky needles. Di-acetyl-deriva- 
tive CflH,(CONAc.,)(NH3)3 2aq. [Above 270®]. 
Thin needles, si. sol. coli water (M.). 

{a)-di-amido-benzoic acid 
CaH3(C03H)(NH2)2. [1:2:6]. Formed also from 
nitro-isatoic acid by Sn and HCl (Kolbe, J. pr. 
[2] 30, 480). Very small prisms (from water). 
V. si. sol. alcohol, ether, and boiling water (G.). 
The free acid turns blue in air. 

Salts. — HA'H.,S04: needles, v. el. sol. 
water.— HA'2nCl (K.). 

{fi)-di-amido-benzoic acid 
C«H,(C02H)(NIT..)„ [1:3:4]. [211®] (Salkowski, 

A. 173, 57 ; GrieVs, B. 6, 856). Plates. SI. sol. 
cold water. 

Salts.— IIA'HoSO^: plates; v. si. sol. hot 
water.— HA'HCl liaq. 

{y)-di-amido-b(inzoic acid 
C«H3(C03H)(NH.2)2 [1:2:3]. Long needles. 

Salt.— (HA')2H3S04l.^aq : six-sided tables or 
columns, v. si. sol. water ; FegCla colours its solu- 
tion brownish-red. 

Tri-amido-beuzoic acids C^H^NjOj. 

!. 0«H2(C03H)(NH2)34aq [1:3:4:6J. From di- 
nitro-amido-benzoic ” (or chrysanisic) acid 
(Salkowski, A. 163, 12). 

Needles (from water). SI. sol. cold water, 
V. si. sol. alcohol, and ether; solution is acid. 
Heat splits it up into COj and tri-amido-benzene. 
Its solutions give a brown pp. with Fe^Clg. 

Salt s.— HA'2nCl : silver-grey needles. — 
HA'(HCl)2SnCl2 3.1aq:monoclinic.— HAlLSO^aq; 
b 1. sol. hot water. — HA'2HNO,. — CaA'^. — 
ZnA'j 6aq. 

II. cllL(C03H)(Nn2)3 [1: 2:3:6]. Formed by 
reduction of p-sulpho-benzene-azo-s-di-amido- 
benzoic acid (Griess, B. 15, 2200). 

Colourless crystals; v. sol, hot water; si. 
Bol. alcohol, in sol. ether. Very readily oxidised. 

Salt.— HA'H2S04 ; small white needles, v. 
b1 . sol. water, insol. alcohol. 

Eefei'oices. — CnLoao-, Bromo-, Iodo-, Nitro-, 
and Methyl-, amido-benzoio acids and amido- 

BULPnO-BENZOIO ACID. 

AMIDO-BENZOIC ALDEHYDES C,H,NO. 
o-Amido-benzoio aldehyde CbH 4(NH2).CHO 
[1:2]. [40°]. Formed by oxidising its oxim 
with FejCla (Gabriel, B. 15, 2004). 

Prqparuiicw.— o-nitro-benzaldehyde (3 g.) is 
digested with FeSO^ (60 g.) and NH, at 100® 
(Friedlander a. Gohring, B. 17, 456). 

Properties. — Silvery plates ; volatile with 
steam ; may be distilled. V. sol. alcohol, ether, 
and benzine, si. sol. water, insol. li^ht petro- 
leum. 

B'jEsPtClf : large yellow prisms (from 

HOlAq). 


stable towards alkalis, Imi 
condensed by acids to OhH.sN.O, which is 
probably 0,H4(NH4).CH:N.C,H4.CH0 ; this form** 
small colourless needles [189®], is not volatile 
with steam, and possesses only w'eak basic pro- 
.perties; NHjAq, conc.^IOlAq, and hot dilute 
HClAq reconvert it inh^mido-benzaldehyde. 

Acetyl deriv^ive C«H4(NHAc).CHO. 
[71®]. White need^^^m'.dl tinder, B. 15, 25t2). 

Oxim [133®]. Forme«l 

by reducing /^itro-bcnzaldoxim (Gabriel, B. 
14, 2338; 15, 3057; 16, 517). Needles; may 
be sublimed. Sol. alcohol and ether, si. sol. 
water and benzene. Its methyl derivative 
C,H,(NH3 )CH:NOMo melts at [58°] (E, Meyer, 
G. C. 1885, 516). Its acetyl -methyl deriva- 
tive Cen4(NHAc)CH:NOMe [100®], and its di- 
acctyl derivative O^H,(NHAc)On:NOAo 
[128®] are crystalline, insol. acids and alkalis. 

m-Amido-benzoic aldehyde. 

Oxim C«H4(NH.).CH:NOH. [88°J. Formed 
by reducing m-nitro-benzahloxim with FeSO, 
and NH, (Gabriel, B. 16, 1007). ^ White felted 
needles. Sol. alcohol, ether, and hot benzene, 
si. sol. cold benzene, and benzoline. Dissolve.s 
in acids and alkalis. Salt: B'oIL.PtClg ; orange 
yellow tables. 

jp-Amido-benzoic aldehyde C(iH4(NH2).CHO 
[1:4]. [71°]. Formed by action of acids on 

its oxim. Flat plates, sol. water. With acids 
it forms red salts. 

Acetyl derivative CgH4(NHAc).CHO. 
[155°]. Long white needles. 

Oxim. — 0,,]T4(NH,,).CH:N0H. [124®]. 

Formed by reducing the oxim of p-nitro-benzoio 
aldehyde by ammonium sulphide (Gabriel a. 
Herzberg, B. 10, 2000). Flat yellow crystals, 
sol. water, alcohol, ether, acids, and alkalis. Its 
acid solution is resolved, even in the cold, into 
hydroxylamine and jo-amido-benzoic-aldehyde. 
Acetyl derivative OgH4(NHAc).CH:NOH. 
[206®]. White plates. 

AMIDO-BENZONITRILES CJIgN2. 

o-Amido-benzonitrile NII2.CjiH4.CN [1:2]. 
[103°]. By reduction of o-nitro-benzonitrile 
(Baerthlein, B. 10, 1714). Needles ; v. sol. water, 
alcohol, and ether. 

w-Amido-benzonitrile NH .CgH4.CN [1:8], 
[52®]; (290°). 

Formation. — 1. By reducing ?«-nitro-benzo- 
nitrile (Hofmann, Z. [2] 4, 726; Fricke, B. 
7, 1321).— 2. By distilling the dicyanide of 
wi-amido-bcnzoic acid {v. p. 167, 1. 32) (Griess, B. 
1, 191). — 3. By heating 7?i-uramido-benzoic acid 
(g. V .) with P2O5 (Griess, B. 8, 801). 

Properties. — Needles or prisms, si. sol. water, 
y. e. sol. alcohol. 

Salts. — B'Epi. — B',H..PtCl3 ; four-sided 
tables.— B'AgNOa : white lamina?. 

^j-Amido-benzonitrile NII0.CJI4.CN [1:4], 
[110°] (F.) ; [74®] (E.). Formed by reducing , 
p-nitro-benzonitrile (Engler, A. 149, 302), or by 
distilling jo-uramido-benzoio acid (F.). — l^edles, 
V. sol. alcohol, ether, and boiling water. — 
B'HCl.— B'2HoPtCl„ : needles. 

AMIDO - BENZ0PHEN0NE3 Ol,H^NO. 
Amido -di-phenyl-ketones. 

o-Amido-benzophenone Bz.O0H4.NHf [1:2]. 
[106®]. Formed by reducing o-nitro-benzo- 
phenone with Sn and HCl (Geigy a. Soenigs, A 



JM-Ai^o-beiuophexioiie Bz 0 H NHT n*m ia«i* ^ sobliza^i 

f^. From m.niWbeSzophe„lM Pn^ ®““'' ‘ B™ - 

K A. K.I.— Y Al]/\<Rr 1 -• 


felted needles, sol. alcohol, ing, A. 137 262) 
•ad ether, si. hoI. ■wn.io.. rvirr*! . norjo-,. i... ’ 


^ 41 . ' r — 1 Jiucunjs, HOi. aiconoi, 

. Sedk^"^' soLwate^B'HCl: [187°]; long 

its 

Jj. 13, 1011; Bocbiier a. AVmco^ Tt ia iijc./*\ I 


B«EO O -B W.. 

o (HiC,0J,8aq (Fittig a. SteU- 


ALCOHOL C-Hl^O ia 
^^W^rcd by the 

Al o-nitro-beLyl. 

n?Y?A ir aldehyde, or anthranil 

(1 riedlander a. Henriques, B. 15, 2109). White 
needJes. insnl. licrV»f - , ..: 


k 13. ion, Uoebner a ST (I'nedlander a Henriques, B. 15, 2109)7 WUte 

Mourless plates, V. sol. alcohol, ether, and with Sa*m 

Nitvoue-icid ABlDO:BEirZTI AMINE rwv • 

converts it tntop-oxy-benzophenone. On fusion NH f wph kct^m .7 ^’^>"^2 »•«. 

with ZnO!, it loses H,0 forniins a comoon d n1 (269°). S.G. M 1-Od. 

the formula C, jH„N. The latter is a very st-ihln am/n^T “®‘y'-F-nitro-benzyI. 

indifferent substance, crystallising in glUtening the cueration a “® *“ 

plates [118°], and distils undccomnosed ni" « i! ,u J. ^ operation (Amsel a. Hofm.inn, B. 19, 1287).— 
temperature j it is soluble in alcohol ether d e .»i ^*8016, v. sol. water and alcohol, insol. 

sparingly in hot water! insXSKoU."’^’ ''■“■’ '*'’silt“'T2Ha-“Zir-^ ‘ 

.Trol.ool“dwaTef™‘^="‘"'‘=y‘“''“" fort'rrbtsXnTa?;'^^^^ 


Vi. Dui. coiu water. iv. . , ' . T 

derivative C„H^.CO.C,,H,.NHAc {NH ^uH^Ng i.e, 

1.163°]. Long needles Sol alcnhnl^ A+nn,.* 2‘Cun4-CH..),„Nn. [lOb J. Prom the nitro 

acetic acid and benzene ; insoL water^ ’ ^ (Strako.sch B. G, 1060). Needles or 

S^nzoyl derivative C a COrff KTITI. distilled, but not volatile with 

[162°]. Pliltcs. sol. ho afcohoh^W lSd i “‘““j J''''«ICl.-B'''(HCl),PtCl, 

alcohol, insol. water. ’ I C2,If.MN7 U. 

Phthalyl derivative C H NO fe ' inm‘ “ a'9oV“^'-, (^66°]. From the nitro 

:i»coho”fr X'r.‘=^ “ bX “ 


■1. Eol. alcohol or ether. A-itrTT^/v'Vi^wVnw^.):''**^’ 

(a).Di.amido.benzopheuone Cjall^OlNH ) NH C II 

methane. [183°] (Staedel a hCerB 1 T 1^^'^)--Scalcs, v. sol. alcohol, ether, and 

J 01Q Qddi J ^^auer, 11, 1747 ; benzene, not vo atilo xvhh eiLwv a-iT 


phenone. 


— J oi. OllUCr, X>. 11. 1/47 

A. 218, .344). Wke needles. * 

tables. —B"2HClSnCL.- 

JO H2OO4. 

(^j-Di-amido-benzophenoasCignjoNjO. [165°] 
Flavine, irom di-nitro-benzor)lionnn« ri.ioo- 


Lioo-J, AMIDO.BENZYL CYi 

by^edlction (Chate" ™ M'^^TMrn'rn^r' 

Pjjetorius, H. 11, 741). ~ kenderyeU - MAIONIC - 

TcIE'®"d oSd ™relctfof if 

C,3HgO(NHAc)g : nialonic ether with SnCl.,. ^ 

.^Phenyt-hydraeide (C.H..NH.,).C:N.HPI, • I feddishTrnwn*^“3.2®.?iT.oiii^l-^^^^ 


B./oHri . 7v 1 V , • »ait.— 

“ .i)! i J- sol. water, less so in UClAn, 

AMIDO.BENZYI-BENZENE u. Amido-di. 

HIENYIj-MKTHANE. 

AMIDO-BENZYL CYANIDE v, nitbile of 


..wvxxv, n\^±u, 

DI - jp - AMIDO . DI - BENZYL - MALONIC - 

- ETHER (C„H,(NH!).CHJ.,:C(CO^t). 
Obtained by reduction of di-nitro-di-benzyl- 
nialonic ether with SnCl.^. ^ 


ri83^i*ieh*^'h “"'‘If (C;H,.Niy,C;N,HPh: reddish-brown “plate's” “(Lellimnn m ^eiit' 
[183°] ; yellowish needles (from hot alcohol). P. 20, 430). ' ocnteion, 

(Munchmever. i?. 20. .'ll 1 Y ' AnirTnn VCiwrvYrY w«srw«.u — — — 


{Munchmeyer, B. 20, 511). 
(7)>Di-amido-beiizopheaone, 

M01 cn y:i 21 -.. .. . ’ 


C„HgO(NH.,), CA.CH,CA(NH,)(OH). [l:3:4]r'lYomth; 
4 u <^^-^^tro-benzophenone [190°J nitro-compound. Scales (Bennie, G. J. 41 221) 
obtained fron^ bon zophenone (Staedel, A. 218, DI-AMIDO-BENZYL-TOLUENE n tt a 


J- wxaw vi*-ixn,iu-u«uaupuenone iiyun 

obtained froiQi. bon zophenone (Staedel, A. 218 
849). — Glittering tablets. 

Salt.— B"2I1C1. * 

““ Ci3HgO(NAoH)g. 

A^TTin ®ol. alcohol. 

^IDO-BENZOYL-CARBAMIDE v. Ubea. 
AMIDO-BENZOYL.FOEMIC ACID v. Amido- 

FHENTL-GLYOXYLIC acid. 

AMIDO-BENZOYE-OtYOXTLIO ACID « 

ijOTNIBATIO ACID. 

AipDO-BENZOYL-DEEA v. Ubea. 


r^iT^5’?,BENZYE.PHEN0Z C„H„NO U 
C.H..CH,.C.H,(NH,)(OH). [1:3:4]. From the 


J — - ^xrv..ava. t.JA>f«,AV;o IXlCliJilU, U. U . 41. 'Z'Zlt 

>1, A. 218, DI-AMIDO-BENZYL-TOLDENE C, H N . A 
crystalline powder, obtained by reducing di- 
nitro-2J.benzyl.toluene {q.v.) (Zincke, B. 6, 684). 
3(NAoH)j. Salts.v~B"2HCI.— B"HgSO,. 

alcohol. AMIDO-BROMO-COMPODNDS v. Bromo- 

. Ubea. amido-compounds. 

V. Asiido- AMIDO-BBUCINE v. Bbucine. 

AMIDO-BTJTYL-BENZENE V. Amido-phentl- 
ACID ». butane. 

AMIDO . BUTYRIC ACIDS C,H«NO« 
a-Amido^-butyrio acid CHg.CHg.CHOrHioO,^ 
T7 *18 at 80°. From 

• JFroni a-bYnmn.Knfxri*!/* xttt * /t\ % •« 


NH;O.H;ca.CT OH NH ■' F ('^“’'“1) -18^ 80°T"1^’ 

th. (,) nitro-com^oSnJ (g.»;., ra-uctir^ 7r-l“e?.ar*^S 



ABflpCK^AMlO ACniDS. lei 


Itminft or needles (from alcohol) ; neutral ; 
sweet taste ; insol. ether. 

Salts.— HA'HOl ; ▼. sol. water.-HA'HNO.; 
fern-like groups of silky needles.— (HA').,ILS04. — 
HOPb.A',-AgA. 

jB-Amido-n-butyrio acid 

CH3.CH(NH,).CH,.C0,H. 

CH3.CH(NHJ.CH2 .CO.NHj. Anan^r- 
phous mass, obtained by the action of alcoh(nlo 
. NHj on /8-chloro-?i-butyrio ether (Balbiano, 
Gf.10,137; B. 13, 312). Its platino-chloride 
crystallises in orange tables, si. sol. alcohol. 

a-Amido-Mo-butyric acid CMe.(NH2).C02H. 

Fonmtion. — From acetonyl-urea and fuming 
HCl at 100° (Urech, A. 104, 208).— 2. From di- 
aoetonamine (Heintz, A. 192, 343 ; 108, 40). 

Preparation, — The acetone cyanliydrin, ob- 
tained by the action of dilute HCN on acetone, is 
heated with alcoholic NHg at 00°, and the pro- 
duct saponified (Tiemann a. Friedlander, R. 14, 
1971). 

■ Properties. — Plates or tables, v. sol. water, si. 
sol. alcohol, insol. ether ; sublimes at about 220°. 

Salts. —BaA'.j 2aq : needles. — MgA ^ : thick 
prisms.— CuA'2 : plates, giving a violet solution. 
— AgA' : neeiBes, sol. water. — HA'HCl 2aq. — 
HA'HCl. 

Nitrile. — CMe..NHo.CN. The product of 
- the action of alcoholic NHg on acetone-cyan- 
ohydrin (vid. sup.). 

AMIDO-CAMFHOR v. Camphor. 

AUIDO-CAMPHORIC ACIl) v. Camphoric acid. 

AMIDO-GAPROIC ACID v. Leucine, and 
AhidO-hexoio acid. 

AMIDO-CAPBYL- BENZENE v. Amido- 
puenyl-ootane. 

‘ AMIBO-CAPRTLIC ACID v. Amido-octoic acid. 

: AMIDO-CAKSOSTYRIL CsH.N.O i.e. 

hydrazido-cinnamic acid; Oxy-aniido-quinoline; 
Amido-pscudo-carhostyril. Prepared by convert- 
ing diazo-cinnaniio acid by Na-.^Oj into 
SO3Na.N2.0„H^.CH:CII.CO.,H, then reducing this 
‘.substance by acetic acid* and zinc dust to 
S93Na.NII.NH.C,H,,CH;CII.COJT, boiling this 
.with HCl and then adding KOH (Fischer a. 
Kuzel, A. 221, 278). 

, Properties.- Slender needles ; may bo sub- 
limed; sol. alcohol, ether, and hot water. It 
forms salts with acids. 

llcaclions. — l. Does not reduce alkaline 
copper or silver solutions.— 2. Nitrous acid con- 
verts it, even in the cold, into oarbostyril. 

y-Amido-carbostyril. From carbostyril by 
nitration and reduction (Friedlander a. Lazarus, 
A. 229, 240), Yellow plates (from glacial IIOAc). 
Does not melt below 320°. 

Methyl derivative C0H^N(NIL)(OMo). 
[103°], amido-{l^y. '6) -methoxy -quinoline . Formed 
from the nitro-compound by SnCI.^ (Feer a. 
Koenigs, B. 18, 2397).— Silvery plates; v. sol. 
alcohol and ether; m. sol. warm water. Its 
ethereal solution has a bluish fluorescence. 
KMnO^ oxidises it to methoxy-quinolinic acid 
[140°]. Dilute HCl at 120° forms (yj-amido 
carbostyril. , ^ 

See also Oxy-amido-quinolinb. 

AMIDO-CHBOMATE OF POTASSIUM v. 
d.mido -chromaUt ^ under Ghbomium, acids of. 
Vcb t 


AKIDO-OHRYSAiriSIO ACID v. Krbo-m. 

AMIDO-BKNZOIO ACID. 

AMIDO.01NNAMI0 ACIDS 
a-Amido-oinnamio acid 

G4 Hj.GH:C(NH 2) .COgH. Obtained by saponifying, 
its benzoyl derivative.-^ Silvery plates, decom-^ 
posing at 240°-250° (^chl, D. 17, 1619). 

Salts. — CuA'2 2a^ small blue prisms.— 
(HA')2HCI : flat sol. cold water ani 

alcohol. X- ^ 

Benzoyl derivative 

G„H5 .CH:C(NIIBz).CO.J{ [131°]. Formed by heat- 
ing an acetic acid solution of benzoyl-di-amido- 
C«Hj.CH.CH(NHBz). 

hydrocmnamic lactam 

Needles or prisms ; sol. alcohol, ether, and hot 
water. 


o-Amido-cinnamio acid 
NH.,.C„H,.CH:CII.C02H [1:2]. [159°]. 

Preparation.- ¥vom o-nitro-cinnamic acid 
(150 g.), crystallised baryta (2100 g.), water (30 
litres), and ferrous sulphate (1400 g.), by heating 
two hours at 100° (Fischer a. Kuzel, A. 221, 
260 ; Tiemann a. Operniann, B. 13, 2061). 
Ammonia may be used in place of baryta 
(Gabriel, B. 15, 2294; Friedlander, .4. 229, 241). 

Properties. — Yellow needles ; sol. alcohol, 
ether, and hot water, si. sol. cold water. Dis- 
solves in aqueous alkalis and acids. 

Salts. — HATICl ; prisms.— BaA'.g ; prisms. 

A’t/icr.— EtA' [78°J. May be distilled. Yel- 
low needles, with yellowish -green fluorescence. 
Its hydrochloride is sparingly soluble in excess 
of cone. HCl; its acetyl derivative, [137°]> 
forms white needles, which may be distilled 
(Friedlander a. Weinberg, B. 15, 1422). 

Ethyl derivative 

C«n,(NHEt).CH:CH.C02H. From the acid(G0g.), 
KOH (96 c.c. of 20p.c. solution), alcohol (240 g.)^ 
and Etl (60g.), by boiling (F. a. K.). 

Reactions. — 1. Long boiling with IIClAq 
forms carbostyril.— 2. ZnSO,Aq gives a crystal- 
line pp. — 3. AgNO^Aq gives a white pp. — 4. 
CuSO^Aq gives a light green pp, — 5. Pb(OAc)2Aq 
gives a yellow pp. 

ra-Amido-cinnamic acid 

CJl,(Nn.,).CH:CH.C02H [1:3]. [181°]. The 
preparation is similar to that of the o-compound. 

I*ropcrties.~Lon^ yellow needles ; sol. alco- 
hol, other, and hot water. Dissolves in aqueous 
acids and alkalis. 

Reactions. — 1. CnSO.,Aq gives a dull green 
pp. — 2, 3, same as above.— 4. Pb(()Ac).Aq gives 
a white pp. sol. hot water (T. a. ().). 

Salt s.— HA'HCl : plates.- (IlA'HCl)2PtCl4. 
— HA'IINOg.- slender needles. —BaA'2 2aq: plates. 

p-Amido-cinnamic acid 

C.H.(NH,).CH:CH.0o,H[l:4]. [176=]. Prepared 
by reducing p-nitro-cinnamic ether in alcoholic 
solution with tin and HCl ; yield ; 76 p.o, 
(Miller a. Kiukeiin, B. 18, 3234). Slender yel- 
low needles, sol. water, alcohol, and ether. JDis- 
Bolves in aqueous alkalis and acids. 

Reaxtwns.—l. CuSO^Aq a brown pp. — 2,3, 
and 4, the same as for the m-compound. 

Salt s.-HA'HCl.-(HA'HCl). 2 PtCl 4 . 

Acetyl derivative [260°]. Long neidles, 
sol. hot alcohol, si. sol. water, v. si. sol. ether and 
benzene (Gabriel a. Herzberg, B. 16, 2041). 

M 





. a^d 

tjja,(NH,),.OH:CH.OOjg[. [168^. Fomed by 
Wdaoing (8:4:l)-mtro-amido-omnamio acid 
(Gabriel a. Herzberg, B. 16, 2042). Yellow 
•needles, sol. hot alcohol ^ and water, insol. ether, 
benzene, and benzoline. 

AHIDO-COMENIC v, Comkntc acid. 
AMIDO-COUMABIN ^ 

From nitro-coiimarin (q. u!;'— Needles, v. si. sol. 
•cold water, v. sol. hot — (li'HCl) oPLCli 

(Frapolli a. Chiozza, A» 95, 253}i 

AMIDO-CKESOL O^HsNO. Mol. w. 142. 
Ten amido-cresols are indicated by theory: 
lour derived from ortho-^ four from meta-t and 
two from lyam-cresol. The amido-cresols are 
readily soluble in alcohol and in ether, sparingly 
80 in water. They dissolve in acids and in 
alkalis. They are formed by reducing iiitro- 
oresols, or from nitro-toluidines by the diazo 
reaction. 

Amido-o-cresols C.H,Me(On)(NH,) [1:2:.t]. 
Amido-o-cresol x — ‘6. From nitro-o-crosol 
£69°] (Hofmann a. Miller, B. 14, 570; Zincke a. 
Hebebrand. A, 226, 72). 

Reaction.—!. When heated with quinone, it 
forms a red crystalline [2S5°], 

V. si. sol. alcohol, sol. acids ; its acetyl derivative, 
C.,,gH 2 |Ac 2 N^O„ forms orange needles (from dry 
HO Ac).— 2. Heated with formic acid it forms a 

methenyl compound: CaH;,Mc<^Q^CII, [39°J, 
< 200 "). 

Methyl ether CJl 2 Mo(OMe)(NH 2 ). (223°). 
Amido-o-cresol re = 4, [161°]. From nitro-o- 
xsresol [108°] (Nolting a. Collin, B. 37, 270). 
Also from acetyl-tolylcne-di-amine, 
<l,H,Me(NH 2 )(NHAc) [1:2:4] (Wallach, B. 15, 
2881). Colourless plates or needles. Salt. — 
B'HGl : glittering plates, which sublime as needles. 
Acetyl derivatives 

€AMe(6n)(NnAc). [22.5°]; sol. KOIIAq.— 
0,H3Me(OAc)(NAcH). [133°] (Maassen, B. 
17, 608 ; Wallach, A. 235, 250). 

Amido-o-oresol a; = 5. [175°]. 

Formation. — 1. From nitro-o-cresol [85°] 
(Hirsch, B. 18, 1514). - 2. From nitroso-o-crosol. 
8. From sulpho-benzene-azo-o-cresul by re- 
ducing with Sn and HCl (N«)ltiiig a. Kohn, B. 
17, 866).— Wliite plates or needles ; may bo sub- 
limed. — CrO;, gives toluquinono. y a 1 1 .— BTICl. 

Amido-o-cresol a; = 6. [124°-128°]. From 

nitro-cresol [143°]. Stellate groups of needles 
(UUmann, B. 17, 1962). Salt.-B'HCl. 

Undetermined derivatives of amvlo-o~cresols. 
Methyl ether C«H 3 Me(OMe)(NH 2 ) [1:2:5?]. 
[53°] (Hofmann a. Miller, B. 14, 571). 

Ethyl ether C,H,Me(OTi:t)(NH.,) [l:2:x]. 
From ethyl nitro-o-crcsol [71°] (Staedel a. 
Kayaer, A. 'hi, 217; B. 16, 1134). Balts.- 
B'HCl lJaq.-B'.,HjSOj.— Acetyl 
■derivative C,H,Me(OEt)(NHAc). [108“]. Tri- 
metric plates (from water) ; tables (from ether) ; 
(oubes (from benzene). 

Ainido-7n-creBOl8 C^H3Mo(OH)(NH2) [l:3:x]. 
Amido-m*cresol a; 6. [151°]. From sulpho- 
ibenzene-azo-m-cresol by reduction (Nolting a. 
Kohn, B. 17, 367). White warts. On oxidation 
with CrO, it gives toluquinone. 

Undetermined derivative of an amido-m^esol. 
Ethyl ether C,H,Me(OEt)(NH 3 ) [1:3:»]. 
An oil formed by reducing ethyl-nitro-m-oresol 


.db 217. 219)^ Salt 

Aootyl derivative. [114^. Massel needlei 
(from water). 

Amido.|>.ore8ol8 OAMe(OH)(NH 3 ) [l:4:a;]. 
Amido-j>ore8ol x~2. [144°]. 

Formation. — 1. From nitro-p-oresol [78°] 
(Knccht, A. 215, 91). — 2. From nitro-toluidine 
C«[l 3 Me.(NH.,)(NOJ [1:4:2] (Wallach, B. 15,2833). 
Properties. — Colourless plates by sublimation. 
Acetyl derivatives 

CJI,Me(6H)(NHAc) [178°] ; sol. KOHAq. — 
C,n.Mc(OAc)(NHAc)[129°](Maassen,H.17,608). 

Methyl ether CJI,Mc(OMe){NH,). [47°]. 
From tho nitro-compound (K.) ; needles, volatile 
with steam. 

Amido- 2 )-cr€Sol a; = 3. [135°]. 

Formation. — 1. From nitro-p-crosol [33°] 
(Wagner, B. 7, 1270; Hofmann a. Miller, B. 14, 
572). —2. By reducing beuzene-azo-p-crcsol or 
sulpho-benzcne-azo-p-cresol (Nolting a. Kohn, 
B. 17, 360). 

Properties. — Wliite pl.ites or needles ; gives 
j a red colour with Fe-^jClg. Balt. — B'HCl. 

React ions.— !. Givc.s a methenyl derivative 
I whenheated with formic acid (II. a. M.). — 2. Gives, 
j when heated with Ac-l) and NaOAc, an othenyl 
derivative which is corivcrtfid by boiling dilute 
HoSO, into an acetyl derivative. 

Acetyl derivative [160°]. Long needles. 
Methyl ether C.,IT.,Me(OMe)(NH,) [38°]. 
Ethyl ether C,jll,Me(OFt)(MIL). [41°], 
From the nitro-compound (Stacdol a. Kaysor, 

B. 15, 1134). Needles (from water) or plates 
(from other solvents). Balts. — B'HCl l.^aq.—* 
B'.Jl^SO/2aq. Acetyl derivative [107°]. 

* Di-amido-jJ-cresol. 

Ethyl ether CAMe(OEt)(NH ,)3 [1:4:3:5]. 
From tho nitro-compound (Staedel a. Kayser, 
A. 217, 221). Pleasant-smelling oil— B'HCl; 
silky needles. 

Di-amido-cresol C,H,Me(OH)(NH,)., [l:a;:2:4]. 
From amido-toluone-azo-amido-cresol (Graoff, 
A. 229, 349) ; decomposes wh(?n liberated from 
its salts. - B"iI,S 04 aq; slender grey needles 
(from alcohol-ether). 

AMIDO-CKESYL- v. Amido-toltIj-. 
AMIDO-CROTONIC ETHER. A name applied 
to tho imide of aceto-acetio ether (t). p. 19). 
AMIDO-CUMKNE V. CoMiniNK. 
Di-amido-cumene CoHuNg i.e. Fr.CyH,(Nn 3 ).^. 
[47°]. From the nitro-compound (Hofmann, J, 
1862, 354). 

Di - amido - pseudo - cumene C,jHMCj(NH.,), 

I [1:3:4:5:6]. [92°]. Formation. -1. By reducing 
nitro-pscudo-cumidine [47°] (Edlor, B. 18, 630). 
2. By reducing amido-azo-cumene (Nolting a. 
Baumann, B. 18, 1147). Needles 

or plates; gives with Fe^Cl^ a brownish-red 
colour and a quinone-like smell; also gives 
Ladenbui^g’fl aldehydine reaction. 

AMID0-i|/-CI3MEN0L C„H, 3 NO i.e. 
C„HMe 3 (OH)(NH 3 ) [1;3:4:6:2] [167°]. Amido- 
pseudo-cuinenol ; Oxy-cumidine. Obtained by 
reducing benzone-azo-i|'-oumenol (Liebermann a. 
Kostanocki, B. 17, 886) ; or nitro-^-cumenyl 
nitrate (Auwers, B. 17, 2980). White needles 
(by sublimation) ; sol. KOHAq. ^eaCl, gives a 
red colouration. Di-acetyl derivative 

C, HMe 3 (OAc)(NHAo), [186°] : needles. 

AMIBO-CUMIKIC AOID Oi,H,tNO, 



\ lw«Attiio-etiiniinio mM 
fe,OgH,(NH,)CO,H [1:2:4]. [129^. Amido-iso- 
pffppyl-Jknzoic acid. Prepared by reducing m- 
nitro-ouminio acid [168°] (Paterno a. Fileti, Q, 
6, 383; Lippmann a. Lange, B. 13, 1061). — 
Tables; some of it occasionally crystallises 
from water in thin plates [104°] (Fileti. G. 10, 
12). FeXl„ give a violet-blue colouratL. . wHh 
the hydrochloride. EtI at 100° gives a syn.py 
ethyUamido-cuminic acid. 

Salts.— AgA': whitepp.—ZnA'jSaq: needles. 
HA'HCl.-(HA'IICl),PtCl^.-(HA'),H,SO.,. 

Acetyl derivative. [248°- 250°]. Slender 
needles, si. sol. boiling alcohol, saponified by 
water at 230°. 

Ethyl ether EtA'. Heavy oil. 

Nitrile Pr.C,II,(NH,).CN. [45°]. (305°). 
Fromnitro-cumino-nitrile. — Needles (from water) 
(Czumpolik, li. 2. 183). Salt.— (BHCl),PtCl,. 
o-Amido-cuminic acid 

Pr.CJl3(NH,).COH. [1:3:4]. [115°]. Prepared 
by reducing o-nitro-cuminic acid with FeSO, 
and NHa (Widman, B. 19, 270). -Plates or tables. 

Acetyl derivative C, JIi^AcNO... [240°]. 
Slender needles, si. sol. alcohol, and ether; may 
be sublimed (Widman, B. 10, 2579). 

Di-amido -cumin ic acid 0,„TT,,N,0._. i.e. 
Fr.C,iIL(NH,).,CO Tl. [192-’]. Formed by re- 
ducing di-nitro-cuminic acid (Boiillet, G. li. 43, 
399; Lippmann, B. 15, 2141). — Yellowish plates, 
sol. hot water, alcohol, ether, alkalis and acids. 
Crystallises from water with aq. 

Salts.— AgA'aq.- HA'HCl aq; large prisms. 

AMIDO-CUMYL-ACHYLIC ACIDS C.JI.jNO, 

I. Pr.C«H,(NH,).Cn:CH.CO,H [1:3:4]. [105°]. 
From the nitro-acid, FeSO,, and NH., (Widman, 
B. 19, 202). — Flat yellow prisms (from alcohol). 
Salt. — IIA'TTCloaq : very slender needles, v. si. 
sol. water ; converted by boiling water into cumo- 
styril or (B. 3)-iso-propyl-(Py. 3)-oxy-quinoline 
[109°]. Acetyl derivative 
FrCaH,(NHAc).CII:CILCO,H, [220°] : very thin 
needles (from alcohol). 

II. PrC,H,(Nig.CH:CH.CajI [1:2:4]. [105°]. 

From the nitro-acid (Widman, B. 19, 415). Six- 
sided tables (from ether). Warm II.SO, gives a 
magenta colour. Salt s.-* HA'TIOl : flat needles. 
— (HA'HCl),PtCl , 2aq.- (IT A'),H,S() , 5aq. Ace- 
tyl derivatives Ci.HnAcNOa, [240°]: needles 
(from alcohol).— C,,, 11, jAc^^NOz. [230°]. 

AMlDO-i|/-CUMYL£N£-AC£TAMIDIN£ 

CgMc3(Nig<[[[|j^jj^CMe [1:3:4 :2:g]. 

Ethenyl - tri - amido - tri - methyl - benzene, 
[216°-218°]. From acctyl-di-nitro-pseudo-cumi- 
dine by reduction with Sn and HCl (Auwers, B. 

18, 2663). — Bosettes of plates or yellowish 
prisms (from water) containing 2aq. 

Salts. - B"2HClaq. — B"HC1 2aq. — 
B"H,PtCl3 aq. 

AMIDO.CUMYLPH£NYLK£TON£i;.Phenti. 

SmDO-OUMTL KETONE. 

w-AMIDO-CUMYL-PROPIONIC ACID 

0„H,,N03 i.c.PrC,H3(NIL).CH,.CH3.CO,H [1:3]. 
[103°-105°]. From m-amido-oumyl-acry^c acid, 
NaOHAq, and sodium-amalgam (Widman, B. 

19, 418). Acetyl derivative 0,aH.„AcNO« 
[168°] ; prisms l[from alcohol). 


AltliW-DICTAMIO ACID C.3H,N,0 U 

NH,.CO.im.ON pr HN:0<[Jg>CO. AXlo- 

phano-nitrile ; carbcnyl guanidine; carbimido- 
cyanamide. 

Formation,— I Fromdi-cyano-di-amide and 
baryta-water.— 2. FrrV po Lassie cyanate and 
cold aqueous cyanamr .3 (TIallwachs, A. 153, 239 ; 
Wundcrl.cl* / 1!). : .48). 

’ It decomposes car- 
bonates and bf laaves as a strong acid. Produces 
biuret when warmed with IT.SO^ (1 vol.) and 
water (2 vols.) at 70° (Baumann, B. 8, 708). 

Salts. — NaC .H .N3O. - KA'. — BaA' 3aq,- - 
CuA'., 4aq.-CuC ,HN,() 2aq.— AgA'. 

AMIDO-CYANURIC ACID v. Ammelidb. 
Di-amido-cyanuric acid v. Ajimkline. 
AM1D0-CYM£N£ V. Cymidine. 
Diamido-cymene C,iTI,Mel’r(NH.)a[l:4:3:6]. 
Hydrochloride. Formed by reducing the 
di-oxim of thymoquinonc (Liebermann a. Ilinski, 
B. 18, 3200). 

AMIDO-DRAGYLIC ACID =jp-Amtdo-benzoio 

ACID. 

DI-AMIDO-DDRYLIC ACID v. Di-amido-tri- 

METIIYL-BENZOIO ACID. 

AMIDO-£ rHAN£ v. Ethylamine. 
Di-amido-ethane v. Ethylene di-amine. 

A MIDO-DI-£THYL- ACETIC ACID v. Amido- 

HEXOIO ACID. 

AMIDO - ETHYL ALCOHOL v . Oxyetuyl- 

AmNE. 

AMIDO-ETHYL-BENZENE v. Amido-phenyl- 

ETHANE. 

AMIDO-ETHYL METHYL KETONE « 
Methyl amido-ethyl ketone. 

DI-AMIDO-DI-ETHYL OXIDE ‘‘C.n,..N,0 i.s. 
(CH,.C(NH,)II),0. 

Di-amido-i'iher. Tho very unstable hydro- 
chloride (B'211C1) of this body is formed by 
passing NH^ into an etheieal solution of 
(Cn.,.CHCl).,0 (Hanriot, A. Ch. [5] 25, 224). 

DI-AMIDO-DI-ETHYL-DIPHENYL C.igN, 
i.e. [4:3:1] NH,.C„H3Et.C,Jl3Et.Nn, [1:3:4] ‘(?): 
Formed by the action of S11CI3 and liCl or 
on an alcoholic solution of o-azo-cthyl-bcnzene. 
— B"ILSO^: needles, si. sol. water, in. sol. alcoliol. 

Acetyl rfcriua C,JI„.(NHAc)o. [307°]. 
White needles (by sublimation), si. sol.' alcohol, 
sol. HOAc. 

An isomeric di-amido-di-ethyl-dipheiiyl is 
formed similarly from jt;.azo-ethyl-benzono. Its 
sulphate is a w'hite amorphous powder (G. 
Bchultz, B. 17, 474). 

AMIDO-ETHYL-TOLTJENE v. Amido-Tolyl- 
ethane. 

AMIDO-ETHYL-TOLUIDINE v. Ethyl-toly- 

LENK DIAMINE. ^ 

AMIDO-ETHYL-771-URAMIDO-BENZOICACID 
C,oH, 3N30, i.e. NigaH,.NH.CO.NH.C„H,.CO,H. 
Formed by the action of ethylene diamine upon 
cyano-carboxamido-benzoic acid (v. Amido ben. 
zoio acid). White prisms, el. sol. cold wafer,. 
Salt. - HA'HCl 2. Vaq (Griess, B. 18, 2416). • 
AMIDO-FLAV5lIN£ V . Flavaniline. 
AMIDO-FLUORENE v. Fluorene. 
AMIDO-FORMIC acid V. Carbamic acid, 
AMIDO-FURFUR-BUTYLENE OXIDE ^ 

M 8 



164 


AMIlX>-FURFlTB*Bt^ 


(2l6®-220®). ObtainedbTreducingOaH,oNA.the 
product of addition of N^O, to fuif ur-butylene. 

Prqpcrto.— Colourless liquid, volatile with 
iteam, sol. water. 

Salts.— B'HClaq: crystals, v. sol. water.— 
B^jH^PtClg : sol. hot. water. 

Acetyl C„H„O.^.NHAc [153°]; 

(306°-310°) : needles, v. Vl. HClAq. 

Anhydride C«HUAJ]r^J,42°]. (300°-310°). 
V.D. 4-77. Formed frofn aA.ii^-furfur-butylene 
oxide on distilling, or even on keeping. It forms 
large colourless crystals, and is volatile with 
steam. It is a tertiary base (Tonnies a. Staub, 
B. 17, 854). 

AMIBOOEN. The group NHj; v. Amides, 
Amido-acids, and Amines. 

AMIDO-OLTJTARIC ACID v. Glutamic Acid. 

AMIDO-OLYCOLLIC ACID v. Oxy-amido- 

ACETIC'ACID. 

AMIDO-HEMIPIC ACID o. Hemipic acid. 

AMIDO-HEPTOIC ACID C,H„NO, i.e. 
C4H,,.CH(NlIi).C0aH. a-Aynido-ccnanthic acid. 
From bromo-heptoic acid and alcoholic NH3 at 
100° (Helms, B. 8, 1168). Six-sided tables or 
plates, V. si. sol. cold water, insol. alcohol. 

Salts.— CuA'a : insoluble powder. — HA'HCl: 
prisms, v. sol. water or alcohol. 

AMIDO-HEXOIC ACID CJI.sNO^. 

a-Amido-n-hexoic acid v. Leucine. 

Amido-di-ethyl-acetic acid CEt2(NH.J.C02H. 

Preparation. — Di-ethyl ketone cyanhydrin, 
CEto(OH).CN, obtained by the action of dilute 
HCN on di-ethyl ketone, is heated with alcoholic 
NH3, and the product is saponified by HCl. 

Properties. — Thick tables or prisms (from 
water), v. sol. water, m. sol. alcohol, insol. ether ; 
may be sublimed. 

Salts. - AgA': white plates.— CuA'j : violet 
plates. — HA'HCl : thick white prisms (Tiemann 
a. Friedlander, B. 14, 1975). 

o-Amido-iso-butyl-acetic acid 
Pr.CH.,.Cn(NH,).CO,,H. S. -85 at 12°. From 
iso-valeric aldehyde-ammonia, HCN and HClAq 
(Limpricht, A. 94, 243 ; Ilufiier, J.pr. [2] 1, 10). 

Properties.- Resembles leucine, but is opti- 
cally inactive (Mauthner, H. 7, 223). 

AMIDO-HEXYL ALCOHOL v. di-Acetone- 

ALCAMINE. 

AMIDO-HIPPURIC ACID CbH.oN-A i.e. 
CeH,(NH2).CO.Nn.CH.,.CO.,H. 

m-Amido-henzoyl-qlycocoll. [194°] (Conrad, 
J. pr. [2] 15, 258). S. *3 at 20° ; S. (alcohol) 
*08 at 15°. From m-nitro-hippuric acid, ammo- 
nium sulphide and H^S (Schwanert, A. 112, 70). 

Properties. — Plates or needles. Soluble in 
alkalis and in acids. Sal t.— BTICl. 

Reactions. — 1. Boiling HCl forms m-amido- 
benzoic a'wd and glycocoll. — 2. Urea forms 
uramido-hippuric ac,’d C,jlI„N;,04 and a 
small quantity of carboxamido-hippuric 
acidCj^HisN^O; (Gricss, J.pr. [2] 1, 135). 

DI-AMIDO-HYDRO-ACRIDINE KETONE, so 
called, CigHiiNjO. [223°]. Formed by reducing 
tht o-carboxylic acid of di-nitro-di-phenyl-amine 
with Sn and HCl. Flat needles or thick prisms, 
V. sol. hot alcohol, v. si. sol. ether, benzene, cold 
water, and light petroleum. FejClj gives a deep 
yeljjDW colour, passing into greenish-black; 
KaCTaO, gives a red pp. 

S a 1 1.— B'HCl : thin colourless needles, si. sol. 
cold water. 


OhloroMrivative Oi,H,o01N,0. Co. 280’^, 
Formed by reducing ohloro-di*nitro-di-phenyf« 
amine o-oarboxylio acid. Colourless crystals, 
sol. hot water, v. si. sol. cold water, ether, and 
benzene (Jourdan, B. 18, 1450). 

AMIDO-HYDRATROPIC ACID t;. Amido- 

PnENYL-PIlOPIONIO ACID. 

. DI-AMIDO-HYDRAZO-BENZENE 

n 


V.' Hydrazines. 

AMIDO-HYDRO-CARBOSTYRIL 

Oxy^amido-di^hydro-quinoUne. 

IB. 3)-amido-hydro-carbostyril 
CH,.CH, 


0,H,oN,a 


CA(NHJ<( I [ 3 ; 

\ XTTT nf\ I- 
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NH.CO 

Di amido-phenyl‘propionic anhydride. DU 
amido-hydro-cinnamic anhydride. [211°]. Pre- 
pared by reducing di-nitio-phenyl-propionic acid 
with tin and HCl. It forms colourless needles 
or prisms, v. sol. hot water, alcohol, and HOAc, 
insol. CS^. 

Salt s. — B'HCl : needles.— B'jHaPtClg: yellow 
leaflets. Bromine forms a mono-bromo-deriva- 
tive, [210°] and a di-bromo-derivative, [179°], 
both crystallising in needles (Gabriel a. Zimmer* 
mann, B. 12, 601). 

{Py. 4)-Amido-hydro-carboBtyril 
.CH2 — CH2 

I * [H3°]. 

\N(NH,).C0 

From C„H4(NH.NH.S03Na)CH„.CH2.C02H (v. 
Hydrazido-phenyl-propionio acid) by addition 
of IlCl (Fischer a. Kuzol,.<4. 221, 282). Crystal- 
lised from water. Sol. water, v. si. sol. alcohol. 
Does not reduce boiling Fehling’s solution, but 
reduces hot Ag.p. Salt. - C^HirtN^OHCl. 

Reactions. — 1. An acid solution is converted 
by NaNO,, into hydro-carbostyril.— 2. With fetl 
and alcohol at 100° it gives afi ethyl derivative 

nitrosamine with NaNO., and HCl. 

AMIDO-HYDRO-CINNAMIC ACID v. Amido- 

PIIENYL-PROPTONIO ACID. 

DI - AMIDO DI - HYDRO -TERE - PHTHALIC 
ACID NH2.C.CII(C0JI).CH 

II II (?) Di-wiido-hexa» 

H.C.CH(C0.JI).C.NH2 

hydro-terephthalic acid or succino-snccinic-acid* 
di-miide. 

Ethyl ether A"Et2 [181°]. Obtained by 
fusing di-oxy-di-hydro-terephthalic ether (sue* 
cino-Buccinic ether) with ammonium acetate. 
Yellow needles ; 3I. sol. alcohol and ether with a 
green fluorescence, v. sol. chloroform. By 
trefl^tment with bromine in ILSO4 solution it is 
converted into di-amido-tercphthalic ether. Tha 
hydrochloride and sulphate are colourless 
sparingly soluble salts (Baeyer, B. 19, 429). 
AMIDO-TETRA-HYDRO-QUINOLINE 
O CH2 — CH2 

C,H,2N2 i.e. C„h/ I 

\n(NH2 ).CH.,. 

[56°]. (c. 255°). Prepared by reducing the nitros- 
amine of tetra-hydro- quinoline with zino dust 
and HOAc. White crystals. 

S alts.— B'aASO^ 2aq : yellow plates, si. sol. 
cold water. — The hydrochloride is ,y. sol. water. 

Reactions. — Reduces salts of Au and Pt, and 
Fehling’s solution. Ppd. HgO forms an azo* 
quinol^e (Hoffmann a. Eonigs, B. 16, 780). 



sulphidb. 
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AXIBO HYl)BO.avnrO» 0 «H,N 0 , u 
NH,.OA(OH),. 

Di-methyl derivative NHj.CgH,(OMe) 2 . 
[ 82 °]. (270°). Formed by reducing the di- 
methyl-derivative of nitro-hydroquinone. Pearly 
plates, sol. hot water, alcohol, benzene, light 
petroleum and CSo. Very readily oxidised. 

Reactions— 1. CuSO^Aq gives a greevish- 
black colour.— FejCla pps. lustrous greefr-sh 
plates, which form a red solution in wate . - 
AgNOj gives a silver mirror. Salts. — *B'LC1: 
white needles. ~ ’‘B'jHaPtClg : brown pp. 

Acetyl derivativ e.— CuH 3 (NHAc)(OMe)a. 
[91°]. Silvery scales ; sol. water, alcohol, ben- 
zene, light petroleum and CSg (Magatti, B. 14, 
70; Q. 18S1, 352; Mulhiiusor, A. 207, 254 ; 
Baessler, B. 17, 2110). 

Ethyl derivative C«H 3 (NHo)(OEt)(OH). 
From the nitro-compound (Weselsky a. Benedikt, 
Af. 2,370).-- B'HCl. 

Di-amido-hydroquinone C«H.^(OII).,(Nn 2 ) 2 . 
Formed by reduction of di-nitro-hydroquinone 
or its di-acetyl derivative with tin and IICl. 
Owing to its easy oxidisability the base was not 
isolated in the free state. B'^IXla.— Colourless 
needles, v. e. sol. water, si. sol. cone. HCl. 

Di-acetyl derivative CJl 2 (OII) 2 (NIIAc) 2 . 
[o. 240°]. Colourless needles. Is oxidised to 
di-acetyl-di-amido-quinone C«II. 02 (NIIAc). 2 . 

Tetra-acetyl derivative ChR.(OAc) 2 (NHAc) 2 . 
[216°] ; colourless needles or plates ; v. sol. alco- 
hol and acetic acid, si. sol. water and ether. Dis- 
solves in dilute alkalis, the solution becomes 
oxidised on exposure to the air and deposits 
yellow needles of the above-mentioned di-acctyl- 
di-aniido-quinone (Nietzki a. Preusser, B. 10, 
2247). 

/)i-weif 7 Myf-dcn’w^ive’C,in 2 (Nn 2 )...(OMe) 2 . The 
hydrochloride oPthis body is formed by reducing 
the corresponding nitro compound. It crystal- 
lises in needles, il00°J (Kariof, B, 13, 1070). 

Di-methyl-di-amido-hydroqninono (q. v.) is 
isomeric with this body. 

BI-AMIDO-DI-IMIDO-BENZENE 
CeH.,(NH 2 ),(NH )2 [1:2;4:5]. Small brown 

needles. Formed by oxidation of solutions of 
salts of tetra-amido-benzeno with FoXl^, etc. 

Salts. — D'H^Cl.^: glittering brown needles, 
sparingly soluble in wat('r with a bluish-violet 
colour. — B"{HN 03)2 : small green needles 
(Nietzki a. Ilagenbach, B. 20, 335). 

AMIDO-IMIDO-METHANE v. Fobmamidine. 

AMIDO.DI.IMIDO-(a).NAPHTHOL 

.NH 

CjoHAO i.e. C.oH,(NH,.)(OH)<;^ (?). Pre- 
pared by the reduction of tri-nitro-(o)-naphthol 
with tin and HCl. Brown scales, insol. water 
and ether. Salts. — B'HCl: lustrous green 
scales, si. sol. cold water. — B' 2 H.,PtCL (Diehl a. 
Merz, B. 11, 1603). ‘ * 

AMIDO-DI-IMIDO-OECIN C2H2N302 2 aq i,c, 
.NH 

0 ,Me(NH 2 )( 0 H) 2 ^ 1 (?). Prepared by re- 

'NH 

ducing tri-nitro-orcin with sodium-amalgam 
(Stenhouse^. 107,167). Lustrous greei) needles, 
V. si. sol. water, insol. alcohol, ether, and benzene. 
KaOHAq forms a deep blue solution. Deduced 
hj farter action of sodium-amalgam to tii- 


amido-oh)in. Salts.— B^HOl aq: brownish-red 
needles; sol. water but ppd. by HCl. — 

8 ^ 2 ^ 280 . 2 aq : purple laminte. 

AMIDO-BI-IXIBO-PHEKOL, so oaUed. 

C.H,N.O U ^ [* = ' =4 J ' 

Di-amido-qumone-ini/.e (Hepp, A, 216, 361). 
The hydrochloride,.' j'HCl, separates as brown 
needles with | ,hon Fe._,Cl„ is added to 

a cone. aquc<5i;^\90iution of the hydrochloride of 
tri-amido-phenol (Heintzel, Z. 1807, 342). It is 
decomposed by alkalis and by hot water; hot 
dilute HCl changes it into colourless needles of 
the hydrochloride of oxy-amido-quinone-imide 
(or di-amido-quinone) CgH^NoO HCl, while HaSO^ 
forms a corresponding sulphate crystallising in 
plates. 

AMIDO-IMIDO-DI-PHENYL SULPHIDE 
C,,n,.N,S U. )>S. Amido-thio- 

di-phenyl-imide ; Amido-sulphido-di-phenyl- 
imide. 

Formation. — 1. By reduction of nitro-imido- 

P XT 

di-phenyl-Buljihoxide, SO. — 

2. By heating p-amido-di-phcnyl-amine with 
sulphur (Bernthson, B. 17, 2858 ; A. 230, 101). 
White satiny plates (from water) ; m. sol. hot 
water, v. sol. alcohol and ether. Turns grey in 
moist air. FejClg converts it into the following 
body : 

Imido-imido-di-phenyl sulphide 0 , 2 HgN 2 Si.d. 

JiT 

hol, si. sol. water and ether. Its salts dye silk 
greyish-violet. It is easily reduced to the pre- 
ceding body. Salts.-B'HCl ^q.-B'^H^ZnCl^; 
brown needles or prisms. 

Di-amido-imido-di-phenyl sulphide 

C,,JI„N,S i.e. Formed by 

reducing (a)-di-nitro-imido-di-phcnyl sulphoxide 
with tin and HCl, or Lauth’s violet with ammo- 
nium sulphide (Bernthsen, B. 17, 014). Yellow 
needles or plates ; si. sol. water and ether. The 
sulphate is si. sol. water. 

Amido-imido-imido-di-phenyl-sulphide 

0,2II3NhS i.e. 

LauWsVioUU 

NH 

Formation. — 1. By treating a solution of p- 
phenylcne diamine hydrochloride with HjS and 
Fe 2 Cl 3 successively (Lauth, C. R. 82, 1441 ; Koch, 
B. 12, 692, 2009). — 2. By action of Fe.^ Cl^ on the 
preceding body (B.). Its alcoholic Sfllution has a 
violet colour with reddish-brown fluorescence. 
Its solution in excess of HCl is blue ; in H 2 SO 4 , 
green changing to blue and then to violet. Long 
heating with Mel converts it into the methylo- , 
iodide of ponta-mcthyl-di-amido-imido-di-phenyl 
sulphide identical with that formed in the same 
way from methylene blue. Salt. — B'HCl: green 
crystals, si. sol. cold water. 

An isomeride (Bemthsen^s Violet) is formed 
by reducing (j 8 )-di. nitro -imido-di- phenyl sul- 
phoxide and then oxidising the leuco-base with 
Fe^04- Its hydrochloride B'2HC1, forms 


Small brown crystals, v. sol. alco- 



m 




n^ei, whidh readlih.violet H;S04 forms 
m violet solntion. 

AMIDO-Dl-IinBO BESdBCIK O^NA &q 
.NH 

or 04 H{ 0 H) 2 (NH 2 )^ I (?). From tri-amido- 
^ NH 

resorcin hydrochloride ^nd Fe.CI^. Lustrous 
green needles, v. si. sol. ^tor, insol. alcohol or 
ether: KOHAq forms a solution. Dilute 
HCl at 170° forms tri-»^W^i\one. 

Salt. — B'HCl: red noedics\,ppd. by HCl 
(Schreder, A. 158, 250 ; Diehl a.'" Merz, D. 11 , 
1229). 

AMIDO-INDIGO C,,H,,.NA le. 
Ci 6 Hb(NH 2 ) 2 N 202 . Prepared by reducing nitro- 
indigo with acetic acid and powdered zinc 
(Baeyer, B. 12, 1317). Dark violet pp., v. si. sol. 
alcohol, ether and chloroform. Forms blue 
solutions in dilute acids. 

AMIDO-ISATIN, so called, v. IsAriNmiuE. 
AMIDO-LAGTIC ACID v. OxY-AMiDo-pKonoNio 
Aon>. 

AMIDO-MALEIC ACID C,H NO, i.e, 

C 0 . 2 H.Cn:C(NII.,).C 0 ,H. [182°J." Easily soluble 
crystals. Prepared by saponification of the 
amides. -A"Ag.j, : voluminous pp., explosive. 

Di- ethyl ether EtA". [100°]. Colour- 
less prisms. Sol. alcohol and ether, insol. water. 
Prepared by the action of alcoholic NHj (2mols.) 
on chloro-maleic ether (1 mol.). 

Amido-maleamic- ethyl ether 

C 2 H(NIL)<^^^‘^^J^*’. [ 02 °]. Long white prisms. 

V. sol. alcohol and ether, insol. cold water. ! 
Prepared by the action of alcoliolic NHj (3 mols.) ' 
on chloro-maleic ether (1 mol.). ' 


V; tl. sol of ddld alcohol (FittI#, i. IIV 

1341 ; 180, 2^ ; Ladenburg, A. 179, 176). 
AMIDO-MESITYLEBIO ACID 
o-Amido-mesitylenio acid 

0«H2Me2(NH2).C0.2H [1:3:4:6]. [187°] (Schmitz, 

A. 193, 171). [190°] (Jacobson, B. 11, 2066). 
From tho nitro acid with tin and HCl. Long 
needles (from alcohol). Splits up when heated 
witjy lime into CO.^ and (1, 3, 4)-xylidine. 

; -Amido-mesitylenic acid C<jH.>Mc,(NH2)C0.2H 
[1:3»,2:5]. [235°]. From the nitro acid. Long 
needles (from alcohol). SI. sol. water, v. sol. 
hot alcohol. Gives (1, 3, 2)-xylidine when 
heated with lime. 

S a 1 1.— B'lICl : long noodles (Fittiga. Briick- 
ner, J. 147, 50 ; Jacobsen, B. 12, 608). 

AMIDO - METHENYL - AMIDO - PHENYL 

MERCAPTAN 0,H.N,S i.e. C.H.<^^C.NH,. 

[129°]. Prepared by heating chloro-metlienyl- 
amido-phenyl mercaptan with alcoholic NHj at 
160°. Nacreous lamina). Fusion with potash 
produces amido-phenyl mercaptan. 

Salt. — It is a weak base, and has a crys- 
talline platinoehloridc, B'.,n 2 PtCL (Hofmann, 

B. 12, 1129; 13, 11). 

AMIDO-METHOXY COMPOUNDS v. Methyl 
derivatives of Oxy-amido co.mpounjjs. 

AMIDO-DI-METHYL-ACETIC ACID v. Amno- 

fsO-BUTYIlIO ACID. 

DI - AMIDO - TETR A - METHYL - DI - AMIDO - 
DIPHENYL V . Tctra - Methyl - tetra - amido* 
DIPHENYL. And, in general, arnido-methyl-arnido 
compounds are described as methyl- (di)-amido 
compounds. 

AMIDO - DI - METHYL - ANILINE v. Di- 


Diamide C.II(Nn,)<^®;™». [12^“]. 

Colourless plates. Sol. alcohol, ether, and hot 
water. Prepared by the action of an excess of 
strong alcoholic NH., on chloro-malcic ether 
(Claus a. Voeller, B. 14, 150). 

AMIDO-MALONIC ACID C.HjNO.fo. 
CH(NH 2 )(CO._,H).j. Obtained fromnitroso-malonic 
acid by reducing with sodium-amalgam (Baeyer, 

A. 131, 295). Prisms (from water) or needles 
(by ppg. with alcohol). When heated alone, or 
m aqueous solution, it splits up into COj and 
glycocoll. Iodine oxidises it, in aqueous solu- 
tion, forming mesoxalic acid. 

Salt. — Pb[CaII,NO,).,: crystalline pp. 
AmuZcCH(NH,)(CO'NH,).,. [182°]. Formed 
by heating chloro-rnalonic ether with alcoholic 
NH,. Prisms, sol. hot water (Conrad a. Guthzeit, 

B. 16, 607). 

AMIDO-MESITOL C^H^NO i.e. 

C. HMe.,(Nn.J(OH) [1:3:5:2:4]. A very oxidisable 
body formed by reduction of nitro-mesitol. — 
B'HCl : neetiies (Knecht, B. 15, 1376). 

AMIDO-MESITYLENE i;.“*Iesidinb. 
Dl-amido-mesitylene C^Hj^N.^ i.e. 
C,HMea(NH,J.„ [90°]. From di- or tri-nitro- 
mesitylene with tin and HCl. Long slender 
needjles (from water), or large monoclinic crystals 
(from' ether). Sublimes in needles. V. sol. 
alcohol or ether, m. sol. hot water. CrO, oxi- 
dises it to oxy-iso-xyloquinone, C„HMo,(OII) 02 . 

Salts . — B"2 llCl : square tables (from water), 
ppd. Ly HCl.— B'lLC^O, : hard grains (from 
water). " B'^H^SO^ : broad laminte (from water). 
Di-acetyl derivattvct [aoove 360°]; 


METHYL-P1IKNYLENE DIAMINE. 

AMIDO - METHYL - ANTHRACENE DI- 
HYDRIDE C.jH^N i.e. CJlJlu.mi,. [ 79 °]* 
Prepared by heating arnido-methyl-anthraqui- 
none with HI and P at 150°. Glistening lamime, 
which begin to sublime at 130^ and are sol. 
alcohol, ether, chloroform, benzene, glacial 
acetic acid, and CS.,, but v. si. sol. water. 

Reactions. — 1. Nitrous acid gives a green 
colour, and on adding Nil.,, a red pp. — 2. 
Arsenic acid gives a brownish-red mass after 
fusion. Salt.— B'lICl [245°]: glistening needles. 

Acetyl derivative C,sir,,AcN. [198°], 
"White needles, sol. alcohol and ether (Roemer, 

B. 16, 1631). 

AMIDO-METHYL-ANTHRANOL 

//C.OH 

C„H„NO Ue C, 2 H,Me(NIL)/ I . [183°], 

^CH 

Prepared by heating amido-methyl-anthraqui- 
none with HI (S.G. 1-96) and P. Crystallises m 
nearly white needles, but sublimes in red needles. 
Sol. alcohol, ether, benzene, and glacial acetic 
acid, V. si. sol. water. 

Reactions. — 1. H 2 SO 4 gives a yellow solu- 
tion, becoming purple-red on warming. — 2 i 
HNO 3 gives a violet colour, turning red.— 3 . Air 
reconverts it, in alkaline solution, into amido- 
mcthyl-anthraquinone. 

Di-acetyl derivative C,f,H,,Ac2NO.[170°]. 
Thick white needles ; its alcoholic solution ex- 
hibits blue fluorescence (Roemer a. Link, 16, 703), 

amiiJo-methyl-anthraquin'one 

C. 3 H„N 02 i.e.C,,HA(CH 3 )(NH 2 ). [ 202 °]. Pre- 
pared by reduction of nitro-methyl-anthraqoi- 



A^lI>6-»APHTjpia ^ 


: Long:&it neisdl^i^ 0pL aloo^bi, 
ether, benzene, aoetio aoidt and chloroform, v. 
el. soL water. « 

Aeeiyl derivative C, 4 Ha 02 (CH 5 )NHAc. 
[177°]. Small light-red needles, sol. alooliol and 
glacial acetic acid (Burner a. Link, B. 16, GU8). 

AMIDO-METHYL BENZENE v, Toluidink 
and BENZYLAiUNIfi. 

Amido-di-mefhyl-bi'i ’icno v. Xy^idink. 
Amido-tri-irethyi-beQzene ?*. Mesioine nd 

^•CUMIDINB. 

Amido-tetra-methyl-benzene v. Dukidine. 
Amide - penta - methyl - benzene v, Penta- 

METlIYL-PIIRNYTi-AMINE. 

DI - AMIDO - TETEA - METHYL - BENZIDINE 

V. Tc^m-METI^YL-/^^^m-ASrII)0-^7/^lMIK^^YL. 

AMIDO-METHYL-BENZOIC ACID v. Amido- 

lOLUIO ACID. 

Amide - di - methyl . benzole acid v, Amido- 

MESITYLENIO ACID. 

Di-araido-tri-methyl-benzoic acid C,oH,,N„02 
i.e. C,lVIe 3 (NH,),CO,H [6:1;3:5:2:1]. Di-amido- 
dtirijlio acid, [221'^]. Eormed by reducing the 
di-nitro coinjiound with zinc dust and dilute 
IIOAc. Colourless silky needles, sol. hot water 
and hot alcohol, v. si. sol. ether. Fe._,Clc oxidises 
it to pseudo-cuino-qiiinone carboxylic acid (Nef, 
B. IH, 341)0 ; A, 237, 1). 

Acetyl -derivative [275°]. 
AMIDO-TEI-METHYL-BUTYL-LACTICACID 

V. OxY-AMTDO-irKPTDTC ACID. 

m-AMIDO-o-METHYL-CINNAMIC ALDE- 
HYDE C.JI.iNO Le. CJI,(NIL).CII:CMe.CHO 
[GO^]. Got by reducing the nitro compound with 
FoSO, and Nil.,. Yellowish crystals; dissolves 
in aqueous acids, and reduces ammoniacalAgNO,. 
Phenyl hydrazide 

CaH 4 (NII,j.C[I:OMe.Cl[:N.,HPh; [157°]: needles. 
Acetyl derivative 

C«H 4 (NHAc).CfI:CMo.CIIO ; [120°] : short thick 
prisms (Miller a. Kinkerlin, B. 10, 1218). 

AMIDO - (7?. 2-Py.2) - DI-METHYL - iPij, 3). 
ETHYL-QUINOLINE i.c. 

C 8 H 3 N(NII,JMe^,Et. [140°]. Plates, monoclinic 
tables, prisms or flat needles. Formed by reduc- 
tion of the nitro-derivative with SnCL. Salts. — 
B'lIOl ; very soluble colourless crystals. The 
nitrate and sulphate are also easily soluble in 
water (Harz, B. 18, 3302). 

AMIDO - {Py, 4)-METHYL-HYDRO-QUINO. 
LINE . CH..C1L 

048n,4N,z.c.C,H,(NH.,)< 'I . 

^NMe.CH., 

Amido-hairoline. Yellowish oxidisablo oil. 
Formed by reduction of nitro-kairoline [04°] 
with SnClo. By nitrous acid it is e mverted 
into a compound C,oH,3N.,0, [144°] when dry, 
which crystallises with 5a(j in splendid red 
needles, and dissolves in dilute acids with a 
deep red colour. 

Salts. — The acid tartrate formj sparingly 
soluble crystals. B^H^CL^PtCl^ (Fcer a. Koenigs, 
18, 2301). 

AMIDO DI-METHYL-HYDBOQUINONE v. 

ii-?»e7/ljy7-AMIDO-HYDUOQDINONE. 

AMiDO-TEI-METHYL-PHENYL-ACETAMI- 
DINE V. Amido-\|/-cumylene-acetamidine. 

AMIDO-DI-METHYL-PHENYL-ACETIC AN- 
HYDEIDIrt;. Z>7 -Mbthtl-oxindole. 

AMIDO-METHTL-PEOPYL-BENZENE v, 
Oyuxdine. 


'm: 

OiftHijNii *.«. 0iH4(0H j(NHa)N. o-Awitfo-gwin- 
aldine, [6G°]. Formed by reduction of (^. 4)« 
nitro-(Py. 3)-methyl-quinolino. Long prisms. ^ 
V. sol. alcohol, ether, and hot ligroine, sparingly 
in water.— B'HCl ; yellow needles (Doebner a. 
Miller, B. 17, 1701). 

( B. 1 or 3) - Amide - ( Py. 3) -methyl - quinoline 
C,uH,„N.aq i.c. Ci,l£-(^'H 3 )(NHJN m-Amido-piin- 
aldiiie [i05°J when Formed by reduction of 
{B. 1 or3)-nitrot;i V- 3)-methyl-quinoline. Colour- 
less crystals ( f Hp). V. sol. hot water, alcohol, 
and benzene, sparingly in ether. B'HCl: red 
needles (Doebner a. Miller, B. 17, 1702). 

Amido - {B. 2, d-Py. 3) - tri - methyl - quinoline 
C, JI,jN(NIL). Formed by reducing nitro-tri- 
methyl-quinoline with SnCl... Yellowish plates 
(from alcohol) (Panajotow, B. 20, 3G). 

Sulphoiiic acid C,JI„(SO,H)(NH,).N. 
Small yellow needles. BaA'.^ 3aq ; silky needles, 
si. sol. cold water. 

AMIDO-METHYL-TOLUIDINE v. MEXHin- 

TOLYLENE DIAJIINE. 

AMIDO-iS-METHYL UMBELLIFEEON 
.CMeiCII 

i.e. C8H,(NII,)(0II)<; I [247°]. 

\0 . CO 

IVom nitro-/9-met]iyl-umbelIiferon. Needles, 
sparingly soluble in the usual menstrua. Fe.,Cl^ 
gives an intense green colouration with the alco- 
holic solution. 

Salt. -BULSO., 2aq: sparingly soluble pp. 
(Pechmann a. Cohen, B. 17, 2137). 

AMIDO-METHYL-UEACIL v. Ur-amido-cro- 

TONIC ACID. 

AMIDO-NAPHTHALENE v. NArnriiYLAMiNK. 
Di - amido - naphthalene v. Napiituylbnik 

DIAMI.'lE. 

Tri-amido-naphthalene CiuHnNj t 
0,on,(NlI,)3. The hydriodide, B'"3HI, i» 
formed from (i3)-tri-nitro-n}iphthaleno [2I8°], by 
reducing it (1 g.) with I (20 g.), P (4 g.) and 
water ; it forms white needles ; at 70° it becomes 
B"'2HI. The B'"ll 3 S 04 forms silky 

needles. The free base is very unstable. 

Benzoyl derivative CjjHisNjO i.e. 
C,„II,(NIL),(NHBz)[2:4':l]. From benzoyl-di- 
nitro-naphthylamine. 

Salts.- ir'TICl : needles. — : 

needles (Lauternaun a. Aguiar, Bl. [2] 3, 203 ; 
Ilubncr a. Ebcll, A. 208, 324). 

Tetra-amido-naphthalene C,oH,„N 4 i.e. 
C,oH 4 (NH,) 4 . The hydriodide B""4IiI, formed 
by reducing (j8)-tctra-nitro-naphthalene [200°] 
with P, I, and water, crystallises in yellowish 
laminco, sol. water and alcohol (L. a. A.). 

AMIDO-NAPHTHALENE SULPHONIC ACID 

V. NaI’HTHYLAMINE SULimONIC ACID. 

AMID0.(i8)-NAPHTH0-HYDE3QUIN0NE 

C,„H„NO, i.c. C,„H 3 (NH,)(OH),. Ainido-di-oxy^ 
naphthalene. The hydrochloride^ B'HCl, i» 
got by reducing nitro-(i3)-naplithohydroquinone 
with tin and HCl (Groves, C. J. 45, 300). It ift 
rapidly oxidised by air. 

AMIDO-NAPHXHOIC ACID CJLm.. Le. 
C,8H,(NH,).C0,H. 

Aniido-(a) -naphthoic acid. [212F. From 
nitro-(a)-naphthoicacid, [230°], by reducing with 
FeSO, and NH,. Colourless needles ; cnay b« 
sublimed ; sol. alcohol, v. si. sol. ether (Ekstrand, 
B. 18, 78). 



^ AMIDO-NAPHTHOIO AOID. 


Aiiiid<H(i^-&aphthoio acid. [211^]. Formed 
by redacing iiitro-(jS)*naphthoiG aoid [269*^]t with 
F6SO4 and NH,. Slender colourless needles 
(Ekstrand, B. 18, 1206). 

Amido-($) -naphthoic acid. [219’]. From 
nitro - (/3) - naphthoic acid [289°]. Slender 
needles. Salts.— small prisms, v. sol. 
water. — ’‘HA'IINOj: la\»o thin lamime.— 
*(HA'),jH,.S 04 : small prisu^ic needles (E.). 

Amido-(/3)-naphthoic'aci^, ^32°J. From 
nitro-(i8)-uaphthoic aoid [293°]. 3<*iall trimetric 
tables ; sol. alcohol and boiling water. Salt s. — 
CaA'2 4ac] : long violet needles. — HA'HNOa: 
large needles.— (HA')2H.S04 : needles (E.). 

pe/'i-Amido-naphthoio acid C,ull^(NH,)CO,n 

C«. 

Preparation. — The crude product of the 
nitration of (a)-naphthoic acid is reduced with 
FeSO^. The solution is boiled with HCl and, on 
cooling, the lactam of the peri-acid, [178°], 
crystallises out in yellow noodles, w'hilst the 
hydrochloride of the isomeric acid remains in 
solution. 

By diazotisation, treatment with cuprous 
cyanide, and saponification of the nitrile, naph- 
thalic acid is formed (Bamberger a. Philip, B. 
20, 242). This experiment determines the con- 
stitution ol acenaplithene (5. v.) which may be 
oxidised to naphthalic acid. 

Lactam C,,H,NO 

U. >. [179»]. 

Formed by reducing nitro-(a).naphthoic acid 
[216°]. Needles (by sublimation); sol. hot 
alcohol, si. sol. water and ether. It is an 
indifferent substance insoluble in alkaline 
carbonates, but soluble in hot aqueous NaOlI 
with formation of the acid (Ekstrand, IL 18, 
76 ; 19, 1137 ; compare Rakowsky, B. 5, 1020). 

Acetyl derivative C,,H,;AcNO. [125°J. 
Long hair-like needles (from alcohol). 

AMIDO-NAPHTHOL C,„a,NO. 

(a).Amido.(a)-naphthol C,„n„(OH)(NIl,) [1:1]. 
Formed by reducing nitro-(a)-naplithol [1G1°] 
^iebermann, A. 183, 217) or p-sulpho-benzene- 
azo-(a)-naphthol (Liebermann, B. 14, 1796). 

The free base is unstable ; its salts produce 
(a)-naphthoquinone when oxidised. 

B'HCl : white needles ; converted by bleach- 
ing powder into C._.„H,„N3C1 or C,.„H,.N./J1 which 
separates from HOAcAq in needles [86°], and 
explodes at 130° (Hirsch, B. 13, 1910). 

(;8)-Amido-(«)-naphthol C,„I1,.(011)(NH.,) [1 ;2]. 
Formed by reilucingnitro-(a).naphthol [128°], or 
nitroso-(o)-naphthol (L.). 

The free base is unstable; in presence of 
alkalis, air ftff-ms violet naphthoquinone-imide, ■ 
.NH 

I • Ils salts give (/8) -naphthoquinone 

when oxidised. BTICl ; white laminae. — 
B'C„H,(NO.,),OH. 

(i) . Amide - (^) - naphthol C,oII.,(OH)(NH2). 
Formed by reducing nitro-(j3) -naphthol [103°] 
(Jacobsen, B. 14, 806 ; A. 211, 48) or nitro8o-(i3)- 
naphthol (Groves, C. J. 45, 296). 

Pj*^paration.—{$)-naphiho\ orange is heated 
with HClAq and SnCl, in slight excess over that 
required by the equation : 


HO.O„H..Na.O,4l4.SO,Na + 2Sn01, + 6Ha- 
H0.0,4H4.NH.2HC1 + NH...0,H4.S02H + 
2SnCl4 + NaCl, 

Amido-(i8) -naphthol hydrochloride crystallisei 
on cooling, and is freed from suiphanilic acid 
by washing with NaOHAq (Groves, 0. J. 
45, 291). 

Properties. — Colourless scales, v. si. sol. 
watAr, readily oxidised by air. Its ethereal 
solia-ion fluoresces violet. Chromic mixture 
oxidllsos it to (/3) -naphthoquinone. 

Salt. — B'HCl: white needles. 

Benzoyl derivative. — C,„H;(NHBz)0H. 
[245°]. Small colourless plates, soluble in 
alkalis. Formed by reduction of the benzoyl- 
derivative of (a)-nitro-(0)-naphthol, the benzoyl 
group wandering from the liydroxyl to the 
auiidogcn ; this probably takes place by the 
intermediate formation of beiizenyl-amido- 

naphthol CjuII^^^Q^C.C^Ha since this body 

occurs in the reduction product. 

Acetyl derivative. — C,„TI,i(NIIAc)OH. 

I [225°]. riates. Formed by reduction of the 
I acetyl derivative of (a)-nitro-(^)-nai)hthol, the 
same isomeric change taking place as in the 
: preceding case (Bottclicr, B. 16, 1935). 

Di-amido-(a)-naphthol C,^,H,„N/) i.e. 
C,„II,(011)(NHJ .. From di-nitio-(a)-naphthol 
[138°] (Gricss a. Martins, A. 131, 376). Its 
aqueous solution is turned red by nniido- 

naplitlioquinono imide {q. v.) being formed. 

Salts. (Graebo a. Ludwig, A. 154, 307). — 
B"H SiiCl, : monoclinic prisms, a:b:c = 
M8 i : 1 : 1* 187, ^ - 72° 33'. - B"H ,SnCl, 4aq.— 
B"lI,SO,2u(i. 

Tri-amido (a). naphthol C„,11,,N.,0 i.e. 
C,„TI,(011)(NH..):,. From tri-iiili'o-(a)-naphthol 
(Dielil a. Merz, B. 11, 1665; I'K<Htrand, B. 11, 
161). 

13'"n SO,aq: scales. — B"'3rfCI a(i : needles. 

AMlD0-(/8)-NAPHTH0L SULPHONIC ACID. 
C,„HJ()I1)(N1I_,).S0.,H. From nitroso-()8)'naph- 
tliol sulplionic acid (7. v.) wit.li tin and IICl 
(Meldola, G.J. 39, 47). Long wliile needles, 

I V. sol. wati'r, turned brown by air. Gives phthalio 
acid with HN(),,A(j. The acid obtained by 
reducing ?rt-carboxy-benzene-azo-sulplio- (j8)- 
napbtbol appears to be an isomoride (Griess, B, 
11, 2032). 

Di-Amido-(a)-naphthol-8ulphonic acid 
C,„H.(On)(Nn,),SO,H [1:2:4;8'J. 1‘iiq.ared by 
reducing naphthol yellow S. Jianiime; gives 
di-imido-(a)-n:ipIitbol sulplionic acid when 
oxidised (Lauti rbach, B. 14, 2029) 

Amido-(i8) naphthol di-sulphonic acid 
C, JI ,(0 1 1) ( N H,.) ( SO;,H) Jlaq. From 7«-carboxy- 
benzcno-azO'Sulplio-()3)-naplitliol by reduction. 
Laminu), v. sol. water (Gricss, B. 14, 2042). 

AMIDO-NAPHTHOQUINONE C^.H^NO., 
C,„H^(NTI.JO.. Oxy -naphtho -quinone imide, 
Oximido- naphthol. Orange needles, formed 
by boiling amido-nnplitho(|uinono imide with 
water (Martins a. Griess, A. 134, 377 ; Graebe a. 
Ludwig, A. 154, 307). SI. sol. boiling water, v. 
sol. alcohol, insol. ether. Converted by boiling 
acids or allcalk into oxy-naphthoquinone. Awi* 
Ibie, wh(^ heated with it in acetic acid solution, 
forms naphthoquinone di-anilide. 

Its dihydrido is described as Amipo-mavhtho* 

BVOIW>QDINOMS. 
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OioH^NsO i.e. 0 ,oH 5(NB[,) 

IH-imido-naphthol. From di-amido-^a)-nap}ithol 
and Fo^ClyAq (Graebe a. Ludwig, ^1. 154, 307). 
Minute needles, v. si. sol. cold water, v. sol. 
alcohol. Boiling alkalis and dilute acids at 120^^ 
convert it into oxy-naphthoquinone. Redui.ng 
agents produce di-amido-(a)-naphthol. An.'/ine 
heated with its hydrochloride forms naphuho- 
quinone di-anilide. Salt.— B'HCl: dark red 
monoclinic prisms with green lustre a:b:c = 
2-907 : 1 : 2-390 /3 = 74° 28' — B'^H^PtClo. — 
B'H,CrO, : S. *13 at 12°.— B'H,S04. 

Bromine-water added to an aqueous solution 
of amido-naphthoquinone imide produces two 
derivatives (Kronfcld, B. 17, 715) : 

1. CBH^Br.O. [173°] : white plates, sol. 
alcohol, benzene, HNO, (S.G. 1-4), and CHClj. 

2 . C,oH,,Br3N03 i.e. CBr3.CO.C«H4.C(NH).C62H 
[213°] : white needles, sol. alcohol, benzene and 
HNOj (S.G. 1-4), insol. chloroform. It is split 
up by cold alkalis into phthaliraidc and bromo- 
form. When heated alone or better with H^SO^ 
at 110° it gives CO., and an acid G9lI,iBr.N0 
[237°]. This loses HBr when boiled for a long 
time with alkalis. When heated with II^SO^ it 
gives phtlialic acid. 

AMIDO-NAPHTHOaUINONE SULPHONIC 
ACID 0|9n9N.S04. Minute coppery needles, 
formed by oxidising di-amido-naphthol aulphonic 
acid. 

DI-AMIDO- DINAPHTHYL Di- 

naphthijline. 0,„H«(NH,).C,oH9{NH3). [273°]. 

Colourless plates (from benzene). Formed 
together witli a smaller quantity of the isomeric 
naphthidine by yarrning (aa)-hydrazonaphthalcne 
with two mols. of dilute HCl at 70°-80° ; a clear 
solution is formed from which the naphthidine 
is ppd. as its sparingly soluble hydrochloride by 
adding an excess of HCl, the easily soluble 
hydrochloride of dinaphthylino remaining in 
solution. 

Reactions.— By diazotising and boiling with 
alcohol it is converted into (oa)-dinaphthyl 
[154°]. By boiling with acids NH^ is easily split 

off, giving iraido-dinaphthyl | ^NH. By 
C.oH/ 

CrOj it is oxidised to phtlialic acid. 

Salts .— B"ILC1/ ; easily soluble. — 
B"H.,Cl.,rtCl, : sparingly soluble yellow plates 
(Nietzki a. Goll, B. 18, 5254). 

Di-amido-dinaphthyl [naphthidine). Probably 
[4:1] C,..H9(Nn,).C,„H„(NH,) [1:4]. [198°]. 
Silvery plates or colourless tables. Soluble in 
alcohol and benzene. Formed, together with its 
isomerido dinaphthyline, in small quantity by 
heating (aa)-hydrazonaphthalene with HCl, and 
in large quantity by reduction of (ow) -azonaph- 
thalene with SnCl. and HCl. 

Preparation.— Om pt. of azonaphthalcno is 
dissolved in 45 pts. of hot acetic acid, and a 
solution of SnClj (1 pt.) in 2 pts. of HCl and 2-3 
pts. of water is added in sufficient quantity to 
decolourise it ; on adding an excess of IICl the 
sparingly soluble hydrochloride of naphthidine 
is ppd. 

Reaeftorw. —FeaCl,, CrO,, Cl„ produce a 

oannme red oolouraiion or pp. with solutions of j 



naphthidine salts. Bv heating with OrO, it is 
oxidised to (a) -naphthoquinone and finally to 
phthalio acid. Its diaso-oompound yields violet 
colouring-matters with the sulphonio acids of 
(i8)-naphthoL By boiling the diazo-compound 
with alcohol it yields (aa)-dinaphthyl [154°]. 

Salt s.— B"H.,Cl2 : sr^aringly soluble colourless 
silvery plates.— B"H. Cl, PtCl4. -B"H2S04 : very 
sparingly soluble gli.stening plates. 

Di-aoityl-(fy-.ri'Ai.tive 02oH,2(NHAo), 
[over 300°] ;,’.:eal-ly insoluble in ordinary sol- 
vents (Nietzki a. Goll, B. 18, 3251). 

Di - amido - (aa) - dinaphthyl C«oH,2(NH2),. 
Obtained by reduction of di-nitro-dinaphthyl 
with zinc dust and HCl. It is readily oxidised 


to the di-imido-compound Cj^H 


.NH 

\nh 


, so that 


it cannot be diazotised. B''H3Cl2 : easily soluble 
colourless needles. The bichromate pps. in brown 
crystals. 

Di-acetyl-derivative C2oH,.2(NHAo)2, 
[Above 300°]. Colourless needles ; insoluble in 
all solvents (.Julius, B. 19, 2551). 

Twenty-eight di-amido-(aa) -di-naphthyls are 
indicated by theory. 

Tetra - amido - iso - di - naphthyl C2oH,9(NH2)4. 
[1G4°-167°]. From tctra-nitro-iso-d*i-naphthyl. 
Grey powder, si. sol. alcohol, m. sol. toluene 
(Staub a. Wat.son Smith, C. J. 47, 104). 

AMIDO-NITRO- v. Nitko-amido-. 

AMIDO -NITEO-BROMO- v. Bromo-nitbo- 


AMIDO-. 

AMIDO -NITRO-CHLOEO- v. Chlobo-nitbo- 


AMIDO-. 

AMIDO-NITEO-IODO- v. Iodo-nitbo-amido*, 
AMIDO-OCTOIC ACID ChH,,NO., i.e. 
CbH, 3.CH(NH,).CO.H. Amido - caprilic acid. 
From hcptoic aldehyde-ammonia (ocnanthol- 
ammonia) and HON (Erlenmeyer a. Sigel, A, 
176, 341). Pearly white laminnc, v. si. sol. 
alcohol, ether, and cold water. Neutral. Vola- 
tilises before fusing. Salts. — HA'HCl. — 
IIA'HNOg ; slender needles. — (HA'),,H2S04. — 
CuA'.,. 

Nitrile CBH,3.Cn(NH.,).CN. [0°]. FromHON 
and cenanthol-aramonia (E. a. S.). Oil, miscible 
with alcohol and ether. Salts . — C^Hi^N.^HCl ; 
satiny, six-sided plates.— (C^HigNJ , 11, PtClB. 

Amide CbH, 3.CH(NH,,).CONH.; From the 
nitrile and cone. HCl. Salts. — 
(CBH,BN20)2H2PtClB.-CJI,BN,.0HCl. Converted 
by aqueous NaHOQj into an acid, CsJIjbN^Oj (?). 
AMIDO-OCTYL-B£NZ£N£ v. Amido-pubntl- 

OCTANE. 

AMID0-0CTYL.T0LU£N£ v . Amido-tolyl. 

OCTANE. 

AMIDO - (ENANTHYLIC ACID v. Amido- 

HEPTOIC ACID. 

AMIDO-OFIANIC ACID v. Opianic acid. 
TRI-AMIDO-ORCJN C;H„N,0 , i.e. 
C«Me(OH)2(NH2),. From tri - nitro - orcin by 
sodium-amalgam or by Sn and HCl. Its solu- 
tions readily oxidise in air, forming anudo-di- 
imido-orcin (q. v.) (Stenhouse, Pr. 21, 121^, 
AMIDO-OXALOXYL-ACETIC ACID 
CO,H.CHmRXCO.CO.M. Phenyl hydraeide 
C0.2H.CH(NH2).C(N,2HPh).C0,H. Obtained hjf 
reduction of an alkaline solution ofHhe di- 
phenyl - hydrazide of di - oxy - tartaric acid 
02(N»HPh)2(002H), with sodinm amalgain. 





tez^ oxldisabie, ita alkaline solnitldh 
quickly becoming reddish- violet on contact ^th 
we air. By warming with BLSO4 it is converted 
into the anhydride G, pH., N,0,* which is probably 
oxy-amido-quinizine-carboxylic acid {q. v.). By 
farther reduction of the alkaline solution with 
sodium-amalgam di-amido-succinic acid [125°] 
is formed (Tafel, 7i. 20, 241). 

AMIDO-OXINDOLE v. Oxindole. 
AMIDO-OXY. V. OxY-iMir*-. 
AMIDO-PHENANTHRENE'z;. IV EXANTHRENE. 
AMIDO-DI-PHENIC acid C,JI„N 04 i.e. 
[1:2] C0JI.C,H4.C,H,(NH,).C0,H [1:5:2]. The 
hydrochloride, IIA"1IC1, obtained from nitro- 
di-phcnic acid, forms silvery lamiritt). ^Vhen 
distilled with lime it produces jt)-amido-lluorene, 

G. pHpNH., [12;i ] {Stasburgcr, D. 10, 2347). 

o-Di-amido-di-phenic acid C,,I1,..N„04 i.e, 
[3:2:1] (CO,II)(NH,).C,ll3.C,H,(Nn;)(CO,H) 

[1:2:3]. Formed, by intramolecular change, 
when o-hydrazo-benzoic acid is boiled with HCl 
(Griess, D. 7, 100!)). 

w-Di-amido-di-phenic acid C,,II,..N.,04l?.aq 
i.e, [2:4:1] (CO..H)(NH,.).C,H,.C,H,(NiL)(CO;il) 
[1:4:2]. Benzidine di-carhoxylic acid. 

Formation. — 1. From the corresponding di- 
nitro-compound (Hummel, A. 103, 128 ; Struve, 

B. 10, 75 ; Schultz, B. 12, 235). — 2. From 
m-hydrazo-benzoic acid by boiling with HCl (G.). 

Properties. - Short needles (from watci*) ; v. si. 
sol. water, alcoliol, and ether. It gives benzidine 
and di-amido-fluorene when distilled with lime. 
Salts. — Ag..A"a(i. H..A"2nCl. — 

H. ^"2HN03.— HA'lLPtCl, 2aq. 

AMIDO-PHENOL. ‘ 

o-Amido-phenol C,H.NO i.e. CpH4(Nn..)(OH) 
[1:2]. [170°]. S 1-7 at 0° (Kdrner). 

Formation. — 1. By reducing o-nitro-phenol 
fHofmann, A. 103, 351 ; Fritzsche, A. 110, 160 ; 
Schmitt a. Cook, K. 3, 02). 

Properties. - Scales ; may be sublimed. 

Salt s. B'HCi ; S. -8 at 0°.— IV,H,S04. 

Beactions. — 1. Oxidised by K^FoCyp forming 
a dye (C.^HjiNgO.^ ?) which sublimes as pink 
needles (G. Fischer, J. pr. [2] 19, 319). — 2. 
Nitrous acid forms o-diazo-phenol. — 3. Con- 
verted into oxy-quinoline by heating with 
glycerin, o-nitro -phenol, and ILSO., (Skraup, B. 
15, 693).- -4. Lactic acid, o-nitro-pheiiol and 
H;.S04 give oxy-methyl-quinoliiic (oxy-quinal- 
dine). — 6. CH.,Cl.CO.,H gives oxy-phenyl-amido- 
acetio acid, 'CO..H.CH...NIl.C,II,.OH (Vater, 
/. pr. [2] 29, 280). — 0. Cl.CO,Et gives oxy- 
phenyl - carbarn ic ether, HO.Cj,H,.NH.COjjKt, 
[86°], which is converted by distillation into 
alcohol and oxy - methcnyl - amido - phenol 

C. H,<q^C.OH. [138°] (GrOnvick, Bl. [2] 25, 

178 ).— 7. P(3oi«ic xuntliate (y)nvcrt9 the hydro- 
chloride of amido-phenol into sulpho-carbanil 

CpH4<^Q^CSH, called also thio-carbamido- 

phenol and ' oxy-phenyl-thio-carbimido’ (Kalck- 
hoff, 10, 1825; Zincke a. Hebebrand, A. 226, 
60).— 8. Amido-phenol (30 g.) heated with alco- 
holic guinonc (43 g.) forms liydroquinone ; and, 
on cooling, violet needles of a base 
[260°] separate. This base is soluble in aniline, 
iparingly soluble in alcohol, benzene, and chloro- 
fonn. In dilute acids it forms deep red solu- 
tions. Boiled with NaOH, ammonia comes off 


ahd d-asMdo-phaned and other produots are 
formed. The salts 6f the base have green 
metallic lustre and are easily soluble in aloohol 
but sparingly soluble in water; much water 
decomposes them into acid and base. — B''2HG1. 
— B"2HClPtCl4.— B",H,S04. Acetyl deriva- 
tive G.iHujAa^N^O^. [285°]. Oxidised in glacial 
acetic acid solution by IINO,, this gives C.^sHuNpOg 
[27f^-280°]. Benzoyl derivative 

[205°]. Reactions. — Nitrous 
converts the base into C„,H,„NflOa, which 
forms small red needles, [above 290°]. HNO, 
oxidises it in acetic acid solution to a body which 
crystallises in yellow needles [200°] (Zincke a. 
Hebebrand, A. 226, 60). 

Acetyl derivative O^H,(OH)(NHAc). 
[201°]. From its arihydro-derivative by boiling 
with dilute THSOj (Ladenburg, B. 9, 1525). Ac- 
cording to Morse (2?. 11, 232) it can be formed by 
reducing o-nitro-phcnol with Sii and HOAc (c/. 
Zincke a. Hebebrand, A. 220, 09). Glittering 
white plates, v. sol. alcohol and hot water; sol. 
KOHAq. Not affected by quinone. 

Anhydro derivative GpH^^c^^^G.CHa. 

FAhenyl-o-amido-p>henol. [201°]. S.G. - 1*1363. 
Formed by heating o-amido-phcnol with Ac.O, 
or its acetyl derivative w*ith P^O^ (L.). 

Benzoyl derivative C„H4(NHBz)(OH). 
[167°]. From the anhydro-compound by boiling 
with aqueous acids, or from the di-benzoyl deri- 
vative by boiling with water and BaCOj (Hiibner, 

A. 210, 387 ; Bottchcr, B. 16, 029). Lamina), 
b1. sol. cold water, v. sol. hot water, sol. alcohol, 
ether, and benzene. 

Anhydro derivative GeH4<^^^G.Ph. 

Benzenyl - o - amido - jdienol. J^103°]. (314°). 
Formed by heating o-amido-phenol with BzCl, 
HOBz, or plitlialio anhydride, and distilling the 
product (L.) ; or by reducing o-nitro-phcnyl 
benzoate, with Sn and HCl. It is insol. water, 
V. sol. alcohol. Its salts are unstable, but 
B'jILPtClg may be crystallised from alcohol. 

Di- benzoyl derivative 
G„n^(NIlBz)(OBz). [170°]. From o-amido- 
phenol hydrochloride and BzCl (Hiibner, A, 
210, 387). 

Formyl derivative. Only known in its 
Anhydro- derivative GuH4<^^^GH. 

Methenyl-amido- phenol. [31°J. (183°). Formed 
by heating o-amido-phenol with formic acid. 

Phthaly I derivative 
CJl4:(0aO2):N.C(,H 4.011. Oxy-phenyl-phthali* 

mide. [220°]. From o-amido-phonol and phthalio 
anhydride at 220°. Yellowish prisms ; converted 
by heat into COj and anhydro-berizoyl-o-amido- 
phenol, and by boiling Na^COgAq into phthaloxyl- 
amido-phenol, G02n.G„Il4.C0.NH.C,H40n, 

[223°] (Ladenburg, B. 9, 1528). 

Methyl derivative OBH4(Nn2).OMe. 
o-Anisidine (228°). From o-nitro-anisol by 
reduction (Briinck, Z. 1807, 205; Miihlhauser, 

B. 13, 919, A. 207, 235; Herold, B. 15, 1084). 
Liquid. It acts upon quinone thus : 

3C,H402 -f 2G,H4(OMe)NH2 = 

2G„I?,(0H)2 + G„H.202(G„H8(0Me)iNH2),. 

The product forms reddish-violet needles (from 
glacial HOAc and benzene), [230°]. and gives 
a ffne blue solution in oonc. (Zincke, J* 
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n^dleff (<rom alec- 
holj-f may be sublimed.— B'HBr.-—B'HsS04. — 
B^iHgPtCle.— Chloroacetate (Vater, J. pr. [2] 29, 
288)., Acetyl derivative.— C^H4(NHAc).0Me. 
[84°] (204°). Pearly crystals. 80!. hot water. 
Benzoyl derivative. — C^H4(NHBz).OMe 
[69°]. 

Ethyl derivative C„Hj(NHJ.OEt. 
o-AmidO‘phenetol. (229°). A liquid -/ 

reducing o-nitro-plieuetol (M. Forster, ijt pr. 
129, 344). Reactions. — 1. Bromine forms a 
di- and a tri-bromo-derivative. — 2. Cyanogen 
chloride passed into an ethereal solution forms 
ethoxy-phenyl cyanamide, [94°], 0- 

amido-phcnctol hydrochloride being ppd. : 

2C«H^(NH..).OEt + CNCl- 
C„H,(NII,)OEtTICl t- C,H4(NH.CN).OEt 
(Berlinerblau, J. pr. [2] 30, 98). Ghloro- 
flce^a^e.— C,II,(NIIJ(OEt)CH,CLCO,U (Vater, 
J.pr. [2] 29, 288). 

Ethylene derivative CaH^(O.C„H4.NIL).^. 
[128°]. By reducing the ethylene ether of 
nitro -phenol with Sn and HCl. Properties.— Tri- 
metric plates (from alcohol or water). Feels 
greasy. Insoluble in cold water, soluble in alco- 
hol, other, chloroform and benzene. Forms a 
bluish-black solution with H,S04. gives 

a sepia-brown colour. K^Cr„0, and HCl give a 
brownish-red colour (E. Wagner, J.pr, [2] 27, 201). 
Salts. — B"21IC1 2aq. Silver-grey glittering 
flat needles grouped in tufts (from water). The i 
acetate is extremely soluble. The sulphate is the ! 
least soluble salt, it crystallises in pearly plates 
but, like the oxalate, it readily becomes oxidised. 
Diacetyl derivative. — [22G°J. Needles. 

Oxcihyl derivative . — 
H0.C,H,.0.0,H,.NH,. [90°]. Got by reducing 
BzO.C.Jl^.O.CJI^.Nd,,. {v. (7 -Nitro-piif.nol) by Sn 
and HCl (Weddige, J.pr. 132, 252). Properties. — 
Colourless plates, slightly soluble in water, readily 
soluble in alcohol, ether and boiling benzene. 
A feeble base. Benzoyl derivative 
BzO.C,H,.O.C„H 4 .NH, [c. 100°]. Got by re- 
ducing the benzoyl dorivativo of the oxethyl 
ether of o Nitro-phenol {q. v.), 

Amido -ethyl derivative 

NH,.C,H4.0.C,H4.NHa 

Anhydro-benzoyl derivative 
.Nil. C^CJI, 

^N [151°] V. o-Nitro-phenol. 
NO.C«H/ 

m-Amido-phenol CJl4(NH,)(On) [1:3]. 

From 7?i-nitro-phenol by reducing with Sn 
and HCl (Bantlin, B. 11, 2100). The free base 
is extremely unstable. Its hydrochloride, B'lICl, 
is formed by reducing bromo-7»-uitro-phenol 
(PfalT, B. 16, 013). 

Methyl derivative C,jH,{NH,)(OMe) 
m-Anisidine (251°). Salt.— BTICI (Pfaff). 

Ethyl derivative 0,H4(NH,)(OEt). (180°- 
205°) at 100 mm. From the nUr® compound 
by Sn and HCl (P. Wagner, J. pr, [2] 32, 71). 
A yellowish liquid, turning red in air. Salt s. — 
B'.H^SnCl^: plates.— B'HCl : silky grey needles; 
insol. ether, sol. water and alcoliol. — 
B'jH.SO^l^aq.— brownish plates. — 
*B'HBr (Staedel, H. Hi, 29). Acetyl deriva- 
tive C„Iii(NHAc)(OEt). [97°]. GlittSring white 
plates (from water). 

Ethylene derivative 0jH4(0.0„H4NH.J.4. 
[136°]. Obtained by reducing the ooiresponding 


nitrocompound. Short prisms (from alcohol). 
SI. 80I. hot water, sol. ho! alcohol and benzene, 
si. sol. ether. Forms crystalline salts. 

p.Ainldo.phenolO«H 4 (NH,,)(OH).[l: 4]. [170°] 
(S. a. C.). [c. 184°] (L.). S. 1*1 at 0°. S. 
(alcohol) 4*6 at 0°. 

Preparation.— 1. From p-nltro-phenol by 
reducing with iron and acetic acid (Fritzsche, 
A. 110, 166) or Sn and HCl (Schmitt a. Cook, 
I IG 3, 61). — 2. F -om^ amido-salicylio acid by 
I distillation (‘>clir5iiU, 11.1,67).— 3. Fromnitroso- 
phenol ^‘iueyer a. Caro, H. 7, 995). 

Properties. - Crystalline, but very unstable. 
May be sublimed (S. a. C.). In capillary tubes 
it turns brown at 140° and melts at 184° with 
decomposition (Lossen, A. 175, 296). 

Salts.— B'HCl. S. 71 at 0°. S. (alcohol) 
10. Turns brown in air. — B'TTOAc. [183°], 
S. 11 at 0°. S. (alcohol) 8*3 at 0°. 

Reactions. 1. Bleaching powder solution 
added to a cold solution of p-amido-phenol 
liydrochloride forms quiiione chloro-imide, but 
if added to a hot concentrated solution ol the 
salt it forms a mixture of tri- and tetra-chloro* 
quinones.— 2. Bleaching powder added to a solu- 
tion of p-amido-plienoi in fuming HCl at 0® 
forms pure tri-chloro-qiiinonc.— 3. Chlorine gas 
passed in excess into a solution of p-amido* 
phenol in fumingll Cl forms pure tri-chloro-amido- 
phenol (Schmitt a. Andresen, J.pr. 131,435). The 
observation that chlorine converts p-amido- 
phenol hydrochloride in aqueous solution into 
quinone-chloro-imide, while in presence of cone. 
HCl chlorine converts p-amido- phenol into tri- 
chloro-amido-phonol, is explained by the fact 
that quiiione-chloro-imide is changed by cone, 
HCl into chloro-27-amido-phonols. In this de- 
composition the first reaction is : 

This reaction is similar to that betweeft 
chloride of nitrogen and IlCl : 

NCI3 -f 4HC1 = NH.,C1 + 3CI2. 

Hence both ammonia and amidogen are pro- 
tected by cone. HCl from the action of chlorine. 
4* Acts on quinone as follows : 

3CgH,0..-i-2NH...C,H40H = 

2C„H,(0H)2 + CJI,,(Nn,.C,H,.OH)A. It is beat 
to use tho hydrochloride of p-amido-phenol in 
hot aqueous solution ; the product, which sepa- 
rates on cooling, is sparingly soluble in tho 
usual menstrua, and docs not melt below 290° 
(Zincke a. Hebebrand, A. 226, 70). — 5. HCl, 
NaNO-i, and K.EO3 produce p-diazo-phenol 
sulphite, HO.C ji^.N^j-SOsH (Reisenegger, A. 221, 
316). — 6. Cl.CO..Et forms p-oxy-phonyl-carbamifl 
ether, HO.C.H^.NII.CO.Et [120°].— 7. A mixture 
of IICl and potas^sium cyanate pf^KSUees p-oxy- 
phenyl-urea, HO.AH,.NH.CO.NH, [168°]. — $. 
HCl andpofa.ssmm sulphocxymide produce, when 
the solution is evaporated, p-oxy-phenyl-thio- 
urea, HO,C..HrNH.CS.NH, [al4°].~9. CSjpro. 
duces di-oxy-di-phenyl-thio-uiea, 
CS(NH.C«H4.0H),. 

Acetyl derivative OaH4(NHAo)(OH). 
[179°]. Large white prisms; obtained by re- 
ducing p-nitro-phenol with tin and glacial acetic 
acid(MorBe,B. 11,232). • 

I Benzoyl derivative C,H 4 (NHBz)(OH), 

I [227°]. From p-amido-phenol and BzOl 
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<Hta>ner, A. 910, 878). Keefes, insol. water, O.H.j;pH)(KHJKH.CO,Et with faming HC 
i^cohol, and petroleum, si. sol. hot alcohol. (H. Kohler, J, pr, [2] 29, 269). Oblong plate: 

Amidophenyl benzoate 0,H4(NH2)(0Bz). Very soluble in oono. HCl and in absolute alooho 
[164®]. Obtained by reducing p-nitro-phenyl Dilute solutions are turned blood-red by Fefi 
henzoate. Plates ; sol. boiling alcohol, and water, or bleaching powder. 

V. e. sol. glacial acetic acid. Tri-amido-phenol 08H2(NH2),0H. [2:4:6:1J 

hi-acetyl derivative CaH4(NHAc)(0Ac) Formation.— l. From picric acid by reductio 
fl61°]. From j3-amido-phenol and AC2O. (Heintzel, 1867,338; ii. 1, 111 ; Bambergci 

Di-henzoyl derivativeC^H.t{^1iBz){OBz). i?. J6, 2400).— 2. From picramide, Sn and HC 
[231°]. From ;?-amido-piien(^l and BzCl. (H4)p, A. 215, 350). The free base is unstable 

Methyl derivative ^•Ogl?4(NH2)(OMe). The salts give a blue colour with a large quantit 
p-Anisidme. [56°]. (246°). From p-nitro-anisol of water containing air. In cone, solution FcjO] 
■(Brunk, Z. 1867, 205 ; Salkowski, B. 7, 1000). gives deep blue glittering crystals of amido-di 
Formed also, together with CO2, when anisoyl- imido-phenol (Hointzel). 
hydroxylamine is distilled (Lessen, A. 175,296). Salts. — B .3HC1. — B'"23n2S04.— B^^HaSnOl 

Tables (from water). B'HCl : long needles, l^aq. — B"'HIH2S04 2aq. — B'"IliH2P04 2aq. - 
B'jHjPtClj. B~"'2H4FeCys. If the hydrochloride is boilo( 

Ethyl derivative with HCl di-amido-dioxy-benzene is go 

Obtained by reducing p-nitro-phenetol (Salkowski, A. 174, 260). 

<Halloch, B. 14, 37). Tri-acetyl derivative C6n2(NHAc)30E 

Ethylene derivative C.Jl4(O.C6H,NH2)2 [263°]. From the hydrochloride of tri-amido 
[0.170°]. By reducing the ethylene ether of phenol by heating with NaO Ac and AcoO. Whiti 
y)-nitro-phenol {q. v.). Properties. — Needles, plates, soluble in acetic acid, hot alcohol, water 
which turn brown in the air. Crystallises from aqueous acids and alkalis, very sparingly ii 
ailcohol or from water. Very soluble in hot ben- benzene and acetone ; by HNO,, CrOg or Fe.^Cl 
zene, less soluble in CHCI3 or ether. Forms a it is oxidised to the tetra-acetyl derivative 0: 
deep blue colour with K.Cr.^O^ and HCl. Fe.^Clfl tetra-amido-di-oxy-diphenyl-quinone 
gives a cherry red (E. Wagner, J. pr. [2] 27, 206). CgH(NHAc)2(OH).0 

Salt.— B"2HC1: long thin needles grouped con- | ( (Bamberger, B. 16, 2400). 

<ientrically. The acetate is dcliquc.scent. The C6H(NnAc)2(0H).0 

^sulphate is the least soluble salt. The oxalate Tri-amido-phenol hydrochlorid« 

is but slightly soluble. is converted by bromine water into ‘bromo 

(a) Di-amido-phenol 04ns(OH)(NH2)2 [1:2:4]. dichromazin’ OigHgNjBriiOy. This bod] 
From (a) di-hitro-phenol (Gauhe, A. 147, 66 ; separates from alcohol in yellow needles will 
Stuckenberg, B. 10, 385 ; Post a. Stuckenberg, feeble violet dichroism. Boiling dilute H2SO 
A. 205, 66), The free base is extremely unstable, converts it into ‘bromo-dichroic acid 
Salts.— B"2HCl. Precipitated by adding C,Hn,Br,,0,, and ammonia. Bromine converti 
•cone. HCl to its aqueous solution. Small prisms bromodichromazin into hex^a-bromo-acetom 
insoluble in cone. HCl, and in absolute alcohol. (Wedel a. Gruber, B. 10, 1137). 

Dilute solutions are turned violet-red by FcjCl^ Tetra-amido-phenol 
or bleaching powder (H. Kohler, /. [2] 29, Ethyl-ether^ hydrochoride 

270).-''B"2HI.— B"H2S04 2aq : tables. C,H(NH,)4(()Et),2HCl. By reducing the produci 

Di-hemoyl derivative of the action of IICl upontri-nitro-ethoxy-phenyl 

‘CeH3(NHBz)20H (?). [187°]. From the hydro- urethane.— (l).CgH(N02):.(OEt)(NH.CO..Et) -hHC 
■chloride and BzCl, Palo red leaflets ; sol. alcohol, = CO3 + EtCl + C^H (NO.j)3(()Et)NH2. 

•chloroform, and aniline, si. sol. ether, insol, (2.) C3H(N02)3(0Et)Nn2 + 9H2 = 

water. Forms a nitro derivative [c. 169°]. C„H(NH2),OEtH GHgO. 

Tri-benzoyl derivative Properties.— Crystallises from dilute alcohol 

<33Hs(NHBz)2(OBz)(?). [233°]. Bhombohedra, Insoluble in absolute alcohol, very soluble ii 

insol. alcohol, chloroform, and ether ; sol. water. Does not melt at 360°. Beduces solu 
aniline. tions of Au and Pt. A feebly acid solution givei 

(j8) Di-amido-phenol C«H,(NH2).20n [2:6:1]. with FegClg or bleaching-powder the following 
The free base is very unstable ; its hydrochloride succession of colours : dark-green, violet-red, red 
is got by reducing the corresponding di-nitro- dish-brown, yellowish-brown, yellow, colourless, 
phenol (Post a. Stuckenberg, A. 205, 79). AMIDO-PHENOL 8ULPH0NIC ACID 

Salts.— B"2HC1: thick pointed prisms, v. CbH,NS 04 i.e. CbH 8(NH,2)(0H)HS03. [2:1:4] 

aol. water, si. sol. alcohol. B"H.2S04: yellow S. 1 at 14°. Prepared by reduction of o-nitro 
needles. — phcnol-sulphonic acid or by sulphonation 0 

Di-*bi/^'oyl derivatitf^C^'H^i'SIWzyjOJl. o-amido-phcnol. Large colourless crystals lik( 
[209°- 213°]. Minute crystals, sol. alcohol, si. calc-spar. Does not form salts, 
sol. benzene. Amii^«.OBH3(NH3)(OH)(S03.NHPh). [206<n 

* Tri-benzoyl derivative Colourless needles; soluble in alcohol, acetic acid 

€eH3(NHBz)(NBz,2)(OH). [184°]. Sol. warm and benzene insoluble in ether. 

Na-^COsAq, insol. chloroform. Benzoyl derivative C3H3(NHBz)(0H)(S03H). 

Tetra- benzoyl derivative Salts. — NaA'4|aq : colourless needles, solubh 

•C„H3 (NBz 2 )(NBz 2)6 h. [182°]. Leaflets; insol. in water a. alcohol — BaA^; colourless spangles 
water, sol. warm Na^COaAq, alcohol, benzene, sparingly soluble.— CaA'^d^aq : sparingly solubh 
and ether. colourlcEts scales (Post a. Holst, B. jl3, 617 ; A 

Di-iimido-phenol CbH 3(OH)(NH2)3. [1:3:4]. 205, 49). 

Hydrochloride B^'2H01. — Formed by p-Axnido-phenol sulphonle add 

floating ethoxy-p-amido-phenyl oarbamio ether, 0 bH 3 ( 0 H)(NH 3 )B 03 H [1:4:2]. 8. *07 at 14°» 
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Formation.— I. From fi-amido-phenol hydro- benzene (100 g.) is heated with a solution of SnCl^ 
chloride and faming H^SO. (Post, B. 6, 897).— in cone. HOI ; the liquid is evaporated to dryness» 
9. From p-nitro-phenol sulpnomo acid (Post a. the residue dissolved in water and benzidine is 
Holst, B. 13, 617).— 3. Together with azoreso- ppd. as sulphate (100 g.) while o-jp-di-amido- 
rufin by heating a mixture of resorcin and nitro- diphenyl sulphate (30 g.) remains in solution 
benzene with H.^S04 (Brunner a. Kramer, B. 17, (Schmidt a. Schultz, B. 12, 482). 

1867). — 4. From quinone chloro-imide and cone. Properties . — Long needles, v. si. sol. water. 

NajSOi (Schmitt a. Bennewitz, J.pr. [2] 8, 7). Salts. — B"HC1: larainaB. — B"2HC1: needles. 

Properties. — White glistening needles ; si sol. — B^HaSO,: prisms.— B^^H^SO^. 
sold water, v. si. sol. alcohol, insol. ether, ijpoes Bi-acetyl derivativg [202°]. 

not combine with acids, but forms metallic lilts, w-w-Di-axnidjr^diphenyl 
e.g. Ba(O.CeH.,(NH.,)S03). Beduces cold am- [1:3] NH,.C«B4.C„H4.NH2 [1:3]. From the nitro 
moniacal AgNOj. Turned violet by FejClfl. Not compound (Brunner a. Witt, B. 20, 1028). Crys- 
ppd. by lead acetate. tals, si. sol. water. — B'^H iSO^. — B"H2PtClj. 

Anilide C«H3(OH)(NH,)SOaNPhH. [98°]. Di-acetyl derivative. [268°]. Long 
Small colourless crystals ; v. sol. alcohol, acetic needles. , , . 

acid, and benzene ; insol. ether. p-jj-di-Amido-diphenyl. Benzidine. 

p-Amido-phenol di'Sulphonic acid [1:4] NH^.C^H^.CrtH^.NH,^ [1:4J. Xenylene-di- 

03H2(0H)(NH2)(S03H)2 [1:4:2:6] (?). From ben- amhie. [122°]. (above .^00°). 
zene-azo-phcnol tri-sulphonio acid {q. v.) by Formation. — 1. By tlio reduction of azo- 
ammonium sulphide (Wilsing, ^4. 215, 23G ; Lim- benzene or of azoxybenzene in alcoholic 
pricht, J5. 16, 1293). White silky needles. Deli- solution by SOj (Zinin, ^4. 85, 328). — 2. From 
quescent ; si. sol. alcohol, insol. ether. Solution azobenzeno by SnCl^ and HCl (v. sup.). — 3. By 
gives with Fe-^Cl^ a deep violet colour. Its heating azobenzene with fuming HCl (Zinin, 
alkaline solutions show blue fluorescence fora A. 137, 37C), HBr (Werigo, it. 166, 202), or 
short time. Salts. — KHA"aq : slightly sol. cold HI (Senziuk, 1870, 267) in sealed tubes. — 
water.— NH^HA^aq. — PbA"aq. 4. By reducing nitro-benzene with sodium-amal- 

o-AMIDO-DIFHENTL C,2H„N i.e. gam in presence of acetic acid, the product 
C3H4.C3H4.NH2 [1:2]. [45°]. From o-nitro- being treated with H^SO, (Werigo,i4. 135, 176). — 

diphenyl with tin and glacial acetic acid (Hiib- 6. From nitro-benzene, alcoholic NaOH, and 
ner a. Liiddens, A. 209, 351). zinc dust and subsequent treatment with acid 

Salts.— B'HCl: needles.-B'2H2PtCl34aq. : (Aloxejeff, Z. 1867, 497).— 6. From di-amido-di- 
orange leaflets. phenic acid by distilling with BaO (Schultz, A. 

jp-Amido-diphenyl C3H5.C3H4.NH2 [1:4]. 196, 29).— 7. From p-amido-p-nitro-diphenyl by 

Xenylamine; Martylamine. [49°]. (320°). Sn and HCl (Fittig, A. 124, 276).— 8. From 

Occurs in the high-boiling fractions in the pre- p-jp-di-nitro-phonyl by tin and HCl (Schultz, A. 
paration of aniline (Hofmann, Pr. 12, 389 ; G. 174, 227). — 9. From hydrazo-benzene by treat- 
Schultz, A. 174. 212 ; Osten, B. 7, 171). Pre- ment with mineral acids : 
pared by reducing p-nitro-diphenyl with tin and C3H4.NH.NII.C3H4 = NH2.CeH4.C6H4.NH2. 

HCl (Hiibnor a. Osten, A. 209, 339). Colourless Preparation. — V. o-p-di-AMiDo-niPHENiL. 

leaflets, sol. hot water, alcohol, and chioro- Properties . — Silvery scales ; may be sublimed, 

form. Sol. hot water, v. si. sol. cold water, v. e. sol. 

S alt s.— B'HGl ; leaflets.— B'oH.2rtCl3 2aq ; alcohol and ether, 

yellow leaflets, si. sol. alcohol.- B'JLINOa : pearly Salts. — B"H2S04 : small scales, v. si. sol. 

leaflets. — B'2nvS04 : leaflets, v. si, sol. water, si. water and alcohol.— B"2HC1 : lamina), v. sol. 
sol. alcohol. — B'2H2C204: long needles, sol. water water and alcohol. — B'lICl : long needles, si. 
and alcohol. sol. water ; ppd. when a large excess of water is 

Acetyl derivative C3H4,C3n4.NAcH, added to the preceding salt.— B"2HNO., : four- 
[167°]. Long needles v. si. sol. water. sided laminrr, sol. hot water. — B".H2C204: 

Benzoyl derivative C3n5.C3H4.NBzH. groups of silky needles, ni. sol. water and 
[230^]. Leaflets; insol. water, V. si. sol. alcohol, alcohol. — B"C4 Hb 03 ; laminas ; sol. water. 

Formyl derivative C3H4.C3H4.NH.CIIO. Beactions.—l. Even very dilute solutions 
[172°]. Prepared by heating jp-amido-diphenyl give with potassic bichromate a deep blue pp. 
with ethyl formate at 100°. Minute needles; (Julius, M. 4, 193).— 2. K,,FeCy3 gives a blue 
sol. ether, si. sol. alcohol, v. si. sol. water (Zim- pp. - 3. Chlorine-water gives a blue colour soon 
mermann, B. 13, 1967). becoming red. — 4. Exhaustive chlorination with 

2;-Amido-diphenyl sulphonio acid SbCl. gives per-chloro-diphenyl and per-chloro- 

C,2H3(Nn2)S03H. [above 300°]. Formed by benzene (Merz a. Weith, B. 16, 2874). — 6. If very 
suiphonation of j[7-amido-diphenyl (Carnelley a. dilute bromine-water be poured solution 

Bchlevelmun, C. J. 49, 380). Insol. water. of benzidine in CS., the upper layer becomel 

Salts. — NaA'2aq ; colourless ncgdles, m. sol. blue, excess of bromine destroys this colour, the 
water. — BaA'2 4aq ; v. si. sol. water. lower layer then turning red (Claus a. Bisler, B, 

o-p-Di-amido-diphenyl CjalljaNj i.e. 14, 83). 

[1:2] NH2.C3H4.C3H4.NH2 [1:4], Iso-benzidi'ne. A 2 derivative NIl2.C3H4.C3H4.NAcH. 
(i8)- or {Z)-Di-amido-di-phenyl. Diphenyline, [199°]. Needles, si. sol. water. • 

[45°]. (363°) (Schultz, A. 207, 348). Diacetyl derivative 

Formation. — 1. From o-nitro-p-amido-di- NHA0.C3H4.C6H4.NAcH. [317°]. Nearly insoluble 
phenyl (Schultz, B. 9, 648 ; 14, 612)^— 2. From in all solvents. 

di-amidO'diphenyl carbozylio acid (Strasser a. Di- formyl derivative CiA(NBbCOH)2; 

Bohultz, A. 210, 193). crystalline powder, sublimable, insoluble in aJl 

Preparation,'— An alcoholic eolation of azo- ordinary solvents except nitrobenzene. Formed 





bf liydraiEobcnse&d 6r benzidine vdtlf 
fomlc acid. 

Di^benjfoyt derivative 0,aH^,(NHBz)3 : 
aolonrless needles or pearly plates; insol. 
uloohol, ether, and aniline; sol. nitrobenzene. 
Formed by heating hydrazobcnzene or benzidine 
Irith BzCl (Stern, B. 17, 379). 

Di-phthalyl derivative Co8H,gN204 
fabove 3G0^J: silky yellow needles, sol. hot 
nitro-benzene ; insol. aiost other solvents. 
Formed by heating benzidine A- hydrazobonzeno 
with phthalic anhydride (B iiihrowski, B. 
17, 1181). 

Ox alyl derivative (CyH4.NH)oC202. An 
insoluble powder, obtained by heating benzidine 
oxalate at 200®. 

Bcnzidine-v-sulphonic acid 
E2N.C„H,.C«H,.NH.S0,H. Formed by heating 
an alcoholic solution of azobenzene with hydrio 
ammonium sulphite (Spiegel, B. 18, 1481). 

Gelatinous pp. It gives colourless crystalline 
•alts. 

The nSOg is readily split off with production 
of benzidine by dissolving the acid in strong 
H,SO,. 

Benzidine snlphonic acid (1) 
CJl4(NH..).C,H,(Nn.,)(SO,II) (?). nydrazo-hm- 
tene svl/honic acid C„1I,.NH.NTI.C,H,.S0JI (?). 
Ppd. by adding HCl to the product of the action 
of H^S on an ammoniacal solution of azo-benzene 
sulphonic acid (Griess, A. 154, 213).— Yellow 
needles or plates (from water).— BaA'j : plates. 
The free acid is decomposed by solution in 
aqueous NH., into benzidine and H^SO^. The 
above azobenzene sulphonic acid is converted 
by potash -fusion into jp-oxy -azobenzene, and 
would therefore appear to be a p-sulphonic acid ; 
in which case it is not clear how the conversion 
into a benzidine derivative could be eliected. If, 
however, the acid is hydrazo-benzcnc sulphonic 
acid, we must assume tliat the benzidine trans- 
formation here takes place in alkaline solution, 
by displacement of SOaH. In any case the 
removal of SO3IT by ammonia is peculiar. 

Benzidine sulphonic acid 
C,2lI,,N..(SOJI) 2’^aq. Obtained by heating (a)- 
benzidine disulphonic acid with water at 210® 
(Limpricht, B. 11, 1018). Yellow needles (from 
alcohol); v. sol. water. — KA'daq.— BaA'^daq. — 
FbA'jBaq. 

Chloride C,.JTj,N2(S02Cl) [above 210®]. 

Benzidine disulphonic acid 
C4:8:l]C,H,(NR.)(SOJl).C,H3(SO,II)(NH2)[l:3;4] 
fi. ’08 at 22®. From azo-, or azoxy-, benzene 
disulphonic acid by reduction with Sii CL, sodium- 
amalgam, or NaOH and zinc dust, followed by 
treatment with a mineral acid (Milhrenlioltz a. 
Gilbert, J 337 ; Brunnemann, A. 202, 344; 

" Yjimpricht,^ B. 14, 1369). M'onoclinic prisms 
(with 3aq). Dilute HCl at 230® gives benzidine 
and H^SO^. Nitrous acid diazotises this acid.— 
•NaJ^"3laq.— K2A"liaq.-~CaA"4aq.-BaA"4aq. 
^PbA"4aq. 

B^zidine di-sulphonie acid 
C,2H«(NH,) (S0;,H)2. From benzidine and fuming 
H.2SO4 at 170®. Small white plates ; v. si. sol. 
water, insol. alcohol and ether (Griess, B. 14, 
800). eSalts. — BaA"6aq: white plates. — 
BaA"2aq: needles.— ^^AgsA'' : white orystalline 
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0 ,^,«,N 2 (S 0 ,H)|. BydrOfMo-heneene di^uipnom 
acid (?). Prepared by reducing potassium azo 
benzene (a)-di-sulphonate with SnCl^ (Limpricht 

B. 14, 1367). Tables (containing 2aq) ; si. soJ 
cold water, v. si. sol. aloohol. -K2A"3aq.— 
BaA"aq.— >‘Ag2A": white pp.— PbA": needles 
b1. sol. cold, V. sol. hot, water. 

Benzidine tetrasulphonic acid 

C, .,iI^,N._,(S 03H)^. Prepared by .sul])honation oi 
the freceding with fuming ILSO^ — Ba2A""14aq: 
largo prisms, v. sol. hot water, si. sol. alcohol.— 
‘'K^A"" (Limpricht, B. 14, 1513). 

Other sulphonic acids of benzidine 
Benzidine heated with a largo excess of fuming 
ILSO4 above 170° forms a mixture of di-, tri-, 
and tetra-, sulphonic acids, and di-amido-di- 
j)hcnyk'rie sulpliono sulphonic acids (Griess, B, 
18, Kef. 88). 

Benzidine di-carboxylic acid v. di-kmuo-m^ 
riiENic Acrn. 

Benzidine tetra-carboxylio anhydride 

[above 3G0°]. Formed by the action of an HCl 
solution of SnCL on azo-benzono tetra-carboxylio 
acid (azo-phthalic acid). Light-yellow tasteless 
powder. Insol.water, alcohol, otJier, or dilute acids. 

With alkalis it gives anhydride salts:— 

C,2HyNo(C20,)(C02K)2 5aq : large prisms. 

C,..fI„N„(C,,0.,)(CO.,Na)2aq : small iieodlos. 

C,;HX.(CA)(CO*Ag)2: fine powder. 

0,jH8N.;(0.,03)(CO.,),,Pb : amorphous powder. 

C,.,H8N;(CA)(C0.]NHJ(C0I1) : transparent 
prisms (Claus a. Hemmann, B. IG, 1759). 

Di-amido-diphenyl Ci.Ej^N.. Iso-henzidine, 
[125®]. Occurs among the products obtained by 
passing aniline through a red-hot tube (Bernth- 
sen, B. 19, 420). White iridescei^t plates, si. sol. 
water. Its aqueous solution gives no colouration 
with potassic ferricyanide^ and a greyish-brown 
pp. with chiiyrine water. Tlie solid base is 
turned greenish-black by strong IINO3. The 
sulphate is sparingly soluble. 

Tetra-araido-diphenyl 

[3:4:1] (NH2)2C,H,.CJI,(NH2)2 [1:3:4]. Obtained 
by reducing di-nitro-p-2J-di-amido*diphcnyl 
(Brunner a. Witt, B. 20, 1025). Silvery plates. 

a-AMIDO-PHENYL-ACETIC ACID CANO,, 
i,e. CuHvCH(NlL).C02n. Plienyl-amido-acetio 
acid. [25G°]. Formed by heating a bromo- 
phenyl-acetic acid with NHgAq (S.G. ’9) at 100® 
(Stockenius, B. 11, 2002) ; or by saponifying its 
nitrile, obtained by the action of alcoholic NH, 
on the cyanhydrin of benzoic aldehyde (Ticmann 
a. Friedliinder, B. 14, 19G7). White leaflets or 
prisms ; may be sublimed. SI. sol. cold water, 
in. sol. hot water. It forms unstable salts with 
bases, but more stable salts with acids, though 
these are decomposed by water. Distilled with 
limo,itgiveg benzylamine (Tiemann, B. 13, 383). 

Salt s.— B'lICl : trimetric prisms.— B'HNO h. 
— B AgA' : prisms, V. si. sol. 
water. - BaA'2 : small white plates; v. sol. hot 
water. — MgA'2r.aq : plates, si. sol. water. 

Amide. The hydrochloride forms thick 
prisms, si. sol. alcohol. 

NitrUe CA'CH(NH2).CN. l^llow oU 
(v. sup.). 

m- Sulphonic acid 

OA(SO,H).CH(NH2).C02H. Minute needlei ; iL 





Mid waUr; baei (nseid a. Lo^ 5. 

i^iisa), 

0^ Amido^phenjl^aoetie aold. Wheno-nitro- 
phen^l^acetio acid is reduced the product is not 
o-amido*phenyI-acetio acid but its anhydride, 
oxindol {q, v.) (Baoyer, B. 11, 683). 

m-Amido phenyl-acetic acid 
C8H^(NH-J.CH2.C0,H [1:3]. [148®]. Formed 

by reducing w-nilro-phonyl-acetic acid (Gabjiel 
a. Bergmann, B. 16, 2065). f 

Nitrile CrtH,(NH,).CH 2 .CN. m- Amldo- 
henzyl cyanide. A liquid obtained by reducing 
w-nitro - phenyl - acetonitrile (Salkowski, B. 
17, 606). 

P'AmidO'phenyl.acetio acid 
Cj,H,(NH,).CH,.CO,H [1:4]. [200°]. From p- 

nitro - plienyl - acetic acid (Radziszewski, B. 
2, 209; Bcdson, C. J. 37,92). White needles 
(from water) ; v. si. sol. cold water. 

Nitrile C,n,(NH.,).CH...CN. p - Amido- 
hmzylcyanide. [16°]. (312°). V.D. 4*78 (for 4*56). 
Formation. — 1. From p-nitro-benzyl cyanide 
(Szumpelik, B. 3, 474 ; Gabriel, B. 15, 831). — 
2. As one of the products of the reduction of a- 
p-di-nitro-cinnamic ether {q. v.) by tin and HCl 
(Friedlander a. Mfihly, .4. 220, 220). The yield 
is 16 p.c. of the substance usckI. Properties. — 
Satiny plates (from water). Sol. acids. Gives 
a di-bromo-dorivative. HCl at 130® converts 
it into amido -phenyl -acetic acid. Salts. — 
BMI^iPtCl,;.— B'.HSO,. Acetyl derivative 
NHAo.C, II, .CTL. cn. [97°]. Slender needles; 
V. sol. alcohol and ether. Di-aoetyl deri- 
vative NAc,.CJI,.CTI,CN. [153°]. Glistening 
needles. Sol. boiling water, benzene, and CS;, ; 
si. sol. alcohol. 

* Di-amido-phenyl-acetic acid 
CJI,(NII,),.CTI,C^,TI [4:3:1]. Formed by re- 
ducing (3, 4, l)-nitro-ainido-phonyl-acotic acid 
(Gabriel, B. 15, 1006). Short natcry.stals (with 
aq). SI. sol. hot alcohol, insol. ether, CS.>, chloro- 
form, and benzene. Sol. acids and alkalis. 

a-m-Di-amido-phenyLacetic acid 
[1:3]C„H,(NH,).OH(NH,).CO,,H. [214°]. Formed 
by reducing ?«-nitro-phenyl-a-amido-acetic acid 
with tin and HCl (Plochl a. Loe, B. 18, 1181). 
Flat silvery needles. 

Salt. — “CuA',,: bluish -green crystalline pp. 

o-AMIDO-PHENYL-ACETYIENE CJI.N i.e. 
C„n,(NH,).CiCH. Yellowish oil. Prepared by 
reduction of o-nitro-phenyl-acotylene with zinc- 
dust and Nil.,. It forms yellow pps. with am- 
moniacal AgNOj and Cu.CL. 

B'HCl : soluble yellow crystals. 

Bcaction. — Converted by II (12pts.)aud 
H^O (4 pts.) into o-amido-acetophenono (Baoyer 
a. Bloem, B. 17, 964). 

Acetyl derivative. [75°]. Colourless 
needles (Baeyer a. Landsberg, B. 15, QP). 

Di-o-amido-di-phenyl-diacetylene 
C,H^(NH.,).CiC.C:C.C«H,(NH,). [128°]. Pre- 

pared by the action of a solution of potassium 
ferricyanide on the cuprous compound of o-aniido- 
phenyl-acetylcne. Long yellowish needles. Sol. 
alcohol, ether and acids, insol. water. 

B"H*Cla a colourless soluble crystals.* 

Di^acetyl derivative. [231°]. Long 
Mcdles (Baeyer a. Landsberg, B. 15, 60). 


U. ^C,H,(N]3y. 

Formed by heating phenyl -p-phenylene-diamine 
C„H,(NH.J.NHC„Hi with benzoic acid and EnCl, 
(Hess a. Bernthsen, B. 18, 692). Amorphoua 
solid. Easily soluble in ordinary solvents. The 
solutions of the base are yellow, the benzene 
and ethereal solution leaving a splendid green 
fluorescence. Il^^yf s silk a brownish yellow. 
The solutions lof its salts are red. 

Di-amido-phenyl-acridine v. Curysaniline. 
AMIDO-PHENYL-ALANINE v. Di-amido- 

PnENYL-PROPIONIC ACID. 

AMIDO - PHENYL - AMIDO- v. Di-amido. 

PHENYL- 01 PHENYL-DI-AMIDO-. 

AMIDO-DI-PHENYL-AMINE U, 

NH,.C,H,.NH.CJl 5 . [61°]. Prepared by the 
reduction of nitro-di-phenyl-amine or of phenyl- 
amido-benzene-azo-benzene, or its sulidionic acid 
{Tropceolin 0 0.) (Nietzki a. Witt, B. 12, 1399). 
Thin laminffi. Gives quinono on oxidation. 
Sal t. B^H.^SOj : silvery lamina;, si. sol. water. 
Acetyl derivative C,.JT|,AcN,,. [168°]. 
p-jp-Di-amido-di-phenyl-amine 
NIL.O,H^.NH.C«H,.NH,. [158°]. Formed by 
reduction of aniline black. Prepared by re- 
ducing (a)-di-nitro-di-phenyl-amino (N. a. W.). 
Acetyl derivative. [239°]. 
Di-amido-di-phenyl-amine. Prepared by re- 
ducing (/l)-di-nitro-di-phenyl-amine. liiquid. 
Salts.— B'TLCl, ; si. sol. water. -B"H,PtCI,. 
Acetyl derivative. [203°]. 

Tri - amido - tri - phenyl - amino (C„H ,.NH^) 3 N. 
[230°]. Formed by tlie reduction of tri-nitro- 
tri-phenyl-amino by SnCl., (Heydrick, B, 18, 
2157 ; 19, 759.) 

Salts.— B"'3HC1 : needles. Its solution 
exhibits the following colour reactions: blue, 
turning violet with Fe Hl^; bluish-grocn with ppd, 
MnOj ; blue with ; red with cliloranil 

in acetic acid (but if in this case the free base is 
used the colour is bluish-green). —B"33H.^tCl,. 
— B'"(C«H,(N 0 ,) 30 H) 3 . 

Tri-acetyl derivative N(C,.H,.NIIAc),; 
needles which do not melt below 2 10°. 

AMIDO-PHENYL-BENZGLYCOCYAMINE v. 
Amoo-Di-nrEXYL guanidine CAitnoxYUC acid. 

p-AMIDO-PHENYL-wo-BUTANE C,„H,,N i.e. 
C,1I.,.0„H,NH2. Butyl -phcnylavline. Amido- 
butyl-benzene. (230°). S.G. — ’OS?. From aniline 
hydrochloride (10 g.) and iso-hntyl alcohol (8 g.) 
by heating for 6 hours at 230 ' (A. Studor, A, 
211, 237 ; B. 14, 1472, 2186 ; Paid, B. 17, 1232). 
Colourless oil; v, si. sol. water, volatile with 
steam. Miscible with alcohol or ether. Nitrous 
acid converts it into bn tvl -phenol. 

Salts.-BTIC1.— B'ilBr. - P.'lll.-’-'^ 
Acetyl derivative [170°]: laminro. 
Formyl derivative C,„II, 3 .NH.CHO 
[69°]: lamina) (Gasiorowski a. Merz, 71.18, 1009). 
AMIDO - PHENYL - BTJTINENE C,oH|,N 
(;{) O) ^CII 

probably C,H,(NH..).CIi..CH<; |1 . [^°]. 

\CIT 

(272° at 718 mm.). V.t). = 4-95 (for 502), 

Formed by reduction of 7ii-nitro-a-methyl-cin- 
namic aldehyde in alcoholic solution with tin 
and HCl. Colourless glistening plates. Sublimes 
at 100°. Reduces ammoniac al AgNO,. The 



m 




hydrochloride, inlphate and nitrate are easily 
Bolnble in water. The hydrochloride forms 
colourless glistening plates. B'^H^Ol^tOl. 2aq : 
•lender needles. * . 4 -'i 

Acetyl derivative 0,oH,oNAo [140°]: 
colourless ooncentrio prisms. 

Bemylidene derivative C,„H„N:CHPh 
[73°] : concentric light-yellow needles. Formed 
by heating the base with benzaldehyde (Miller 
a. Kinkelin, B. 19, 12491 

o-AMIDO-PHENYL-CARMMIC ETHER 
CpHjjNaOg i-c. IlaN.C^H^.NH.COnEt. o-Amido- | 
^hemjl’UretJiane. [8G°J. Formed by reducing 


Tri-amido-tri-pheaylocarbincls n. BoSAmumi* 
M . AXIDO - TRI . PHEinX - CABBIKOL 
CARBOXYLIC AHHYDRIDB 
(O.H,NH,),aO.H..CO.O. [266<>-266i5. ImaU 

colourless needles. Is prepared by heating 
phenolphthalein with aqueous NH,. Gives a 
tctra-bromo-derivative [280°], and a tetra-acetyh 
tetra-brotno-derivative [241°] (Baeyer a. Burk* 
hafdt, B. 11, 1297). 

|amido-diphehyl carboxylic acid V. 

Amido-dipitbnio acid. 

DI - AMIDO . DI . PHENYLENE KETONR 


o-nitro-phenyl-carbamic ether (Rudolph, R. 12, OXIDE (so called) 0,sH,„N,02 i,e. C,3 Hu(NhJa 


1296). Long colourless needles ; sol. water. 
Salt. — B'HCl: large tables. 
p - Amido - phenyl - carbamio ether. Amido- 
carbanilic acid. [74'^]. Formed by reducing 
p-nitro-phenyl-carbamio ether (Hager, B. 17, 
2626 ; Behrend, A, 233, 10). Needles (from 
dilute alcohol) ; insol. water. 

Salta. — B'HCl: long needles. — B'H.SO^. — 
B'HaCA •* needles, sol. hot water, si. sol. cold 
water.— B'APlClrt : brown pp.- (B'HCBaSnCL. 
B',8nCl,aq.— (B'HCl) JIfrCL 

Benzoyl derivative CgH^(Niniz).NH.C03Et, 
[230°] : needles ; si. sol. alcohol, insol. water. 

Di-p-amido-di-phenyl-carbamic ether 
(CgH^.N H..) . CO Jg t . Di’p~am ido-di-phcnyU 

amine urethane. [101°]. Formed by reduction 
of di-p-nitro-di-phenyl-carbamic-ether. Violet 
needles ( + aq). Soluble in water. 

Di-benzoyl derivative 
(CA-NHBz)2N.C02Et [235°]: nearly colourless 
amorphous solid (Hager, B. 18, 2576). 

DI-AMIDO-DI-PHENYL-CARBINOL 
0„H„N,0 i.e. CJI,(NH,).CH(0H).CANH3. 
{&)-Di-amido-he7izhydrol. [128°- 129°]. From 
(/8).di-amido-benzophenone [149°] and sodium 
amalgam (W. Staedcl, A. 218, 350). Glittering 
plates. Salts. — B"2HC1 2aq.— B"H,SO, 2aq. 

Acetyl-derivative. [220°]. 

Di-amido-tri-phenyl-carhittol C,i,H,8N.p i.e. 
0AC(0H)(CANH,,)2 [below 100°]. 

Formation. — By the action of aniline 
presence of H3SO4 upon the chloride 


Lactoneof oxy-di-amido-diphenyl carboxylic acid^ 
Froni the nitro compound by Sn and HCl (A. G. 
Perkin, 0. J. 43, 190). Orange needles (from 
xylene). Very slightly soluble in boiling water. 
Ruby prisms (from dilute alcohol). 

Salts. — Forms two hydrochlorides. — 
(B"HCl).,PtCl4.— B"(2HCl)PtCl4. 

AMIDO-PHENYIENE OXIDE C^NO i.e, 
C8H3(NH2)0 (?). Di-amido-di-phenylene di^ 
oxide. From nitro-phenylene oxide by alcoholic* 
ammonium sulphide (Marker, A. 121, 251). Yel- 
low needles, si. sol. water, v. sol. hot alcohol. — 
B'3H.PtCl„. 

DI-AMIDO-DIPHENYLENE-QUIHOXALINE 


OaH2(NH2), 




.N.C.C,H, 


Formed by the action 


!\ Ml I 
^N.C.CA 

of phenanthraquinone upon tetra-amido-benzeno 
[1:2:4:5]. Orange-yellow needles. Nearly insol, 
acetic acid. Weak base. Dissolves in cone. 
H2SO4 with a greenish-blue colour, passing 
through violet into red on dilution (Nietzki a. 
Hagenbach, B. 20, 338). 

AMIDO-PHENYLENE-UREA C^H^N^O m. 

OC<^|>C.H,(NH,) [1:2:4]. 'Formed by re- 

ducing di-nitro-phcnyl-urothano with tin and 
HCl (Hager, B. 17, 2631). 

Salts. — B"H2SnOl4 : long needles. — 
B"CHH.,(N0.2)aOH: greonisli-yollow needles. 

0- AMIDO -PHENYL -ETHANE C^H.iN i.e. 
C«H,(NH2).Cn2.CH., [1:21. o-Ethyl-phenyl- 
CA .CCl.CgH^.NH. I amine. 0 - Amido - ethyl - benzene. (211°). 

L ! I S.G. “ *983. From o-nitro-phenyl-ethane, tin, 

Preparation .— aniline hydrochloride : and HCl (Bcilstcin a. Kuhlbcrg, A. 166, 206). 
nts.h nitrobenzene ^ISnts.l.benzo-trichloride i Liquid at -10°. Salt. B'HNOj. 


(40 pts.), nitrobenzene (45 pts.), bcnzo-trichloride 
(40 pts.), and Fe at 180°. C^H-CClj + 2C,H.NIL = 
CACCKCJI^NIL)., -1-21101. ' The mass is ex- 
tracted with dilute HCl (which leaves some 
blue colouring matters undissolved) and the 
nitro-benzene is distilled off by steam (Doebner, 
B. 15, 234; A. 217, 242). 

Properties. — Small crystals (from dilute 
alcohol). Insol. in cold water ; v. sol. alcohol 
or benzp^.ij* On heating with Mel it gives 
malacfiite green. r 

Salts.— Dilute acids dissolve it in the cold, 
forming nearly colourless solutions which on boil- 
ing (split off water and) change to deep reddish- 
violet. The salts dye violet, but the shades are 
not<fast. The coloured salts are probably of the 

This salt forms dark 

I y-Gi 

blue needles with coppery lustre. 

Beaction . — Zinc dust and HCl reduce it to 
di-amido-tri-phenyl-methane (g. v.). 


Acetyl derivative CgUioAcN. [112°], 
(305°). 

Benzoyl derivative CgHjoBzN. [147°]: 
small glittering plates (Paucksch, B. 17, 2800). 

o-Amido-phenyl-ethane sulphonic acid 
C8H3Et(NH.2).S03H. Formed by sulphonation of 
the acetyl derivative. White needles (P.). 

p-Amido-phenyl-ethane CbH 4(NH.J.CH2.CH, 
[1:4], p-Ethyl-phenyl-amine. * Phenethylamine.^ 
[-5°]. (214°). S'.G. ^ -975. From p-nitro- 

phenyl-ethane by reduction (B, a. K.) or from 
aniline by heating with ethyl alcohol and 
ZnClj (Benz, B. 15, 1647). Formed also when 
ethyl-aniline hydrochloride is heated at 300° 
(Hofmann, B. 7, 526). Colourless oil ; volatile 
with steam. Salts. — “ B'HN 0, : small needles 
or prisms, si. sol. cold, v. sol. hot, water. — 
B'2H2S0. : large white plates, si. sol. cold water, 
m. sol. dilute H2SO4.— B'HCl.— B'jH^PtClg. 

Acetyl derivative 03H4(^^^)AHr 
[ 96 °]. ( 816 °). 
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. i JB4nMoyl d$rivat4vs O^QSrBBz)OJS^, 
[12^1’’] : lozig needles (P.). 

to-Amido-phenyl'etliane C«H5.C]^.CH2.NH2. 
[198®], Phmylethyl-amine. 

Formation.—!, By dry distillation of a-amido- 
; phenyl-propionic acid (q. v.) (Schulze a. Barbieri, 
J. pr. [2] 27, 346 ; Erlenmeyer a. Lipp, A. 219, 
2p2).--2. By action of zinc and HCl upon the 
cyanhydrin of benzoic aldehyde, or upon 
■ aniygdalin (Fileti, B. 12, 297, 1700).— 3. By 
action of bromine on an alkaline solution of 
phenyl-propionamide (Hofmann, B. 18 2740). 

Preparation. — By reducing an alcoholic 
' solution of benzyl cyanide with zinc and HCl 
(Bernthsen, A. 184, 290), di-phenylothyl-amine 
(CgHj.CH,.CH.JoNH, and tri-phenylethyl-amine 
(CaH5CH.te.J.,N, being also formed (Spica, O. 
1875, 124“; 1879,666). 

Properties. — ^Liquid ; si. sol. water. Absorbs 
GO.^ from the air, being converted into a solid 
carbonate [105°], out of which, on heating, 
another carbonate, [88°], sublimes. Oxidised to 
benzoic acid by chromic mixture. 

Salt s. — B'HCl, [217°] : trimetric tablets (from 
cold alcohol) or satiny plates (from alcohol-ether) : 
V. sol. alcohol or water, insol. ether. — B'^H^PtClj; 
more soluble in hot water than in hot alcohol. 

Bi-amido-di-phenyl-ethane v. Di-amioo-di- 

BENZYL. 

w-AMIDO-TEI.PHENYL-ETHANE C^oH^N 
i.e. CPh5.CH2.NHj. [116°]. From tri- phenyl-aceto- 
nitrile by reduction with zinc and HCl. Crystals ; 

V. sol. ether, si. sol. cold alcohol. The hydro- 
chloride forms needles, [247°], v. si. sol. water, 

V. sol. alcohol (Elbs, B. 17, 700). 

AMIDO-PHENYL-ETHYLENE v. Amido- 

8TYHENE. 

Di-p-amido-di-yhenyl-ethylene 0„H,^N2 i.e. 
C2H2(C«H^.NH2)2. Di-amido-stilbene. [227°]. 

Fortnation. — 1. By reduction of di-p-nitro- 
di-phenyl-ethyleno with tin and HCl.— 2. By 
reduction with SnClo of the brownish -red pro- 
duct of condensation (azoxy-di -phenyl-ethylene?) 
obtained by the action of sodium methylate or 
alcoholic NaOH upon p-nitro-toluene. 

Reactions. — By nitrous acid it is converted 
into a tetrazo-compound which by combination 
with the sulphonic acids of amines and phenols 
yields a scries of colouring-matters which dye 
cotton from a soap bath. Thus (a)-naphthol- 
Bulphonio acid gives a bluish-violet, (/3).naphthol- 
(R)-di-sulphonic acid a blue,(a)-naphthylamine- 
Bulphonic acid a red, and salicylic acid a 
yellow, colouring-matter. 

Bi-acetyl derivative C2H2 (CuH 4 .NHAo) 2 : 
[312°] (Bender a. Schultz, B. 19, 3234). 

Di-p-amido-di-phenyl-ethylene - di-oarboxylic 
C,H,(NH2).C.C0 

anhydride || >0. [280°]. Formed 

CeH,(NH2).C.CO 

by reduction of the nitro compound (Reimer, 

B. 14, 1802). Small plates. Insol. most solvents. 

Di-p-amido-di-phenyl-ethylene • di • sulphonic 
acid C2H2(CaH3(NH2)SOgH)2. Di-amido-stilbene- 
di-sulphonic-acid. Obtained by reduction with 
zinc-dust of the brown product (azoxy- or azo- 
di-phenyl-ethjjlene-di-sulphonic acid ?) which is 
form^ by boiling p-nitro-toluene-o-sulphonic 
acid CaH5Me(NH2)S03H [1:4:2:] with aqueous 
NaOH^ Microscopic ne^les. Nearly insol. 

. VoL. L , 
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waW. Itf salta are easily sohibile. By nitrooi 
acid it is converted into a tetrazo-compound 
which by combination with amines or phenols 
gives colouring-matters which have the property 
of dyeing cotton from a soap bath (Bender a. 
Schultz, B. 19, 3234). 

o-AMIDO-PHENYL-OLYOXYLIC ACID v. 

ISATIO ACID, 

w-Amido-phenyI-gly''xylic acid C.,H,NO, i.e 
C^H4(NH2)CO.C02H [1:3]. Colourless prisms or 
needles. [270°-280° with decomposition]. Pre- 
^ pared by reduction of m-nitro-phenyl-glyoxylio 
acid with alkaline FeSO^. 

Salts. — A'Ag: sparingly soluble crystalline 
powder. — CnHjNOg.HCl : soluble flat prisms 
(Claisen a. Thompson, B. 12, 1946). 

p - AMIDO - s - DI - PHENYI - GUANIDINE 
wt-CARBOXYIIC ACID C.^H^NA i.e. 

[1:4] NH2.CJI,.Nn.C(NH).NH.C5H^.C02H. 
Amido-pJienyUbenzglycocy amine. Prepared by 
heating cyano-carbimido-amido-benzoio acid 
(v. p. 167) with p-phenylene-diamine (Griess, B. 
16, 338). Small prisms. S a 1 1.— B"Il2Cl2. 
^-amido-6'-di-phenyl • guanidine o-carboxylio 

acid. Anhydride n2N.C5H,.NH.C<^^^^^«> 

I Amido-phenyl-benzglycocyamidmc. Formed by 
boiling di-cyano-amido-benzoyl {v. p. 155) with 
I an aqueous solution of p-phonylene-diamine 
(Griess, B. 18, 2421). Very small white needles; 

V. sol. hot water, m. sol. alcohol. 

AMIDO-PHENYL-HYDBOXIDE v. Amido. 

PUENOL. 

7H.AMID0-PHEN YL-HYDRA2INE C.H.N, i.a. 
C„H,(NH2).NH.NH2 Formed by saponification 
of the oxaraic acid C«H,(NH.C202.0H).NH.NH, 
which is obtained by reduction of m-diazo- 
phenyl-oxamic acid CbH^(NH.C 202.0H).N2C1 
with SnCl2 (Griess, B. 18, 964). “V. sol. alco- 
hol and ether, si. sol. water. Very oxidisable. 

Amido-phenyl-hydrazine sulphonic acid 
C«H5(NH2)(N2H3)(S03H) [3:1:6]. Formed by 
reduction of nitro-phenyl-hydrazino sulphonic 
acid with NH^HS or SnClj (Limpricht, B. 18, 
2194). Very soluble in water. Salts: — A'H,HCl 
easily soluble fine white needles. — A'HH2S04: 
microscopic needles.— ’‘A'H.HNO, : prisms. 
AMIDO-DI-PHENYL-KETONE v. Amido- 

BENZOPIIENONE. 

o-AMlDO-PHENYL-MERCAPTAN 

CgH-NS i.e. CoH,(NIL)(SH). Aviido-phenyL 
stilphydrate. [26°]. (234°). 

FormaHon. — 1. By fusing bcnzcnyl-amido- 
phenyl-mercaptan (g. v.) with potash (Hofmann, 

B. 12, 2363).— 2. Anhydro-oxalyl-amido-phenyl. 
mercaptan (easily prepared from acetanilide and 
sulphur) is fused with potash (3 pts.). *W|^^ield 
is nearly theoretical (Hofmann, B. 13, l230).' 
Colourless needles, very easily oxidised. It 
forms products of condensation with acids, 
aldehydes, and nitriles ; thus acetic acid, acetyl 
chloride, acetonitrile, and aldehyde each pro- 
duce ethenyl-amido-phenyl mercaptan (q. 9.) 

p- Amido - diphenyl-mercaptan 
[1:4] HnN.CjH^.CjH^.SH [1:4]. Prepared bj^re- 
ducing p-nitro-diphenyl sulphochloride with tiq 
and HCl (Gabriel a.' Bamberger, B. 13, 1410). 

Salt. — B'HCl : small glittering prisms. 

N 



1 * 1 ; 


AHiDit>^^iiEinrx.-iiasii5U^ 


Aitipp-rasinr^ «. tohMim 

m-Amido-di-phenyl-metluine 0„H„N ♦.«. 
Cyij.CH,.OJI«.NHa. [46°]. Formed by reducmg 
■i-nitro-di-plienyl-methane (Becker, B. 16, 2092). 
Acetyl derivative. [91°J: pearly plates. 
p-Amido-di-pbenyl-methane. [35°]. Formed 
by reducing p-nitro-di-phenyl methane with tin 
and HCl (Easier, B. 16, 2718). The sulphate is 
«1. sol. cold water. 

di-amido-di-phenyl-met^ane C,sH,0(NH.jo. 

(85 ]. Formed by reducing (o)-di-nitro-di-phenyl- 
methane (Doer, B. 5, 795). Pearly plates ; si. 
sol. water (Practorius, A. 194, 348). The 
sulphate is v. si. sol. water. 

Tetra-amido-di-phenyl-methane C,jHg(NH2)4. 
[161°]. By reduction of the nitro compound 
[172°] (Staedel, A. 218, 341). White needles 
(from benzene). M. sol. water, si. sol. benzene. 

Acetyl derivative C,JI„(NHAc)4. Crys- 
talline powder. V. si. sol. water ; m. sol. alcohol. 

Amido-tri-phenyl-methane i e. 

CHPh,.C,H4.NH,. [84"]. Prepared by heating 
aniline hydrochloride with di-phenyl-carbinol 
and ZnCl, at 180° (Fischer a. Iloscr, B. 13, 674 ; 

A. 206, 155). Prisms or plates. Is a weak 
base. The benzene compound (CigHuNC^Hg) 
forms long colourless needles. Salts. — B'HOl: 
needles, si. sol. water. — B'H.PtClg. 

Di-amido -tri-phenyl -me thane OigHjgNa i.e» 
CA.CH(C,H4NH,),. [139°]. 

Formation. — 1. From benzylidone chloride, 
aniline, and zinc dust (BSttinger, B. 12, 976).— 

2. From di-amido-tri-phenyl-carbinol by re- 
ducing with zinc dust (Docbner,A. 217, 246; B, 

15, 236).- 3. By heating aniline hydrochloride 
with benzoic aldehyde and fuming HCl (Maz- 
zara, (7. 14, 510). ^ ^ 

Preparation.--^ mixture of bonzaldehyde 
(10 pts.), aniline sulphate (28 pts.), ZnCl... (20 
pts.) and a little water, is heated on a water 
bath for several hours, the fused mass is boiled 
with dilute H^SO^, diluted, filtered, and the 
base precipitated with NHg ; yield 80 p.c. of the 
theoretical (Fischer, B. 15, 676). 

Properties.^ Colourless crystals (from other) 
[139°]. Prisms containing benzene of crystal- 
lisation (from benzene) [106°]; at 120° the 
benzene goes off. V. si. sol. water, 3ol. alcohol 
or ether. , 

Additional Eeferences.-C. Bottinger, B. 11, 
276, 840 ; 13, 958 ; 0. Fischer, A. 206, 147, 153; 

B. 13, 665. „ . 

Tri-amido-tri-pheiiyl-methane 0,gHjjN, i.e. 
0H(C,H4.NH2 [1 : 4]),. P(vra-leucaniline. 

Formation.— 1. By reducing tri-nitro-tri- 
pheny 1-methane with zinc dust and glacial 
acetic acid (0. a. E. Fischer, A. 194, 272). — 2. 
B^i^-tioing para-rosaniline (Hofmann, Pr. 12, 
9).— 3. By reducing niiro-di-amido-tri-phenyl- 
methane, prepared from aniline hydrochloride, 
p-nitro-benzoic aldehyde and ZnCL^ (Fischer a. 
Greiff, B. 13, 670 ; Fischer, B. 15, 678). 

Properties.— Colourless plates. Readily con- 
*>erted by oxidation into para-RosANiLma (S*^*)* 
Salts.-B'"HaCljaq : short prisms, si. sol. 
alcohol, ether, and HClAq.— The sulphate 
forms needles, v. sol. water, si. sol, alcohol, 
inool. ether.— The oxalate forms prisms, v. j 
sol. water.— The platinochloride forms 
sparingly soluble short needles. ^ , 

Tri-acetyl derivative [177°]. Thin , 


tsblps; when oxidised by Kfirfii aoA aUtdla 
aoid it gives tetra-aobtyl-para-rosaniline. . 

Tri-henzoyl derivative [149°]. Colour- 
less needles ; sol. alcohol, v. si. sol. water, ethcfi 
and benzene (Benouf, B. 16, 1301). 

Tw-p.p-Tri-amido-tri-phenyl-metbane 
[l:3]H,N.O,H4.CH(C,H4.NH.,[l:4]),. Pseudo- 

lencaniline. [150°]. Obtained by reducing wt- 
nitro-di-p-amido-tri-phonyl-methano (Fischer, B. 
13, 673). Colourless crystals ; sol. alcohol, si. 
sol. ether or benzoline. Crystallises with benzene 
in white needles of OieHigNaCjiHa [145°], Gives, - 
on oxidation, a violet colouring-matter. 

S alts.— B2"'3H.,PtCl, : ycUow crystalline pp., 
V. sol. water, m. sol. alcohol. 

o-p-p-tri-amido-tri-phenyl-methane 
[1:2] H,N.C.H,.CII(C„H.NH,[1:4]),. [165“]. 

Formed by reduction of the o-nitro-di-p-amido- 
tri-phenyl-methane obtained by heating o-nitro- 
benzoic aldehyde with aniline sulphate and 
ZnCl^. Small crystals. On oxidation it gives a 
brown colouring matter. 

Salts.— B"'HaCl.,: colourless easily soluble 
needles. The sulphate forms small quad- 
ratic tables, V. sol. water, si. «ol. alcohol. The 
oxalate forms small soluble needles (Renoul, 
B. 16, 1304). 

AMIDO-PHENYL METHYL KETONE «, 

Amido-acetopiienonk. 

p-AMIDO-DI-PHENYL-METHYL-PYEAZOL. 
CARBOXYLIC ACID C^H.sNjOj i.e. 

N,. NPh 


C,Hj(NH2).0.C(CO2H):CMe [251°]. Formed by 
reduction of 2>-nitro-di-phenyl-methyl.pyrazol- 
carboxylic acid with SnClg (Knorr a. Jbdicke, 
B. 18, 2250). Crystalline powder. Sol. alcohol, 
etiier, acids, and alkalis, inS«)l. water. It evolves 
CO.> at its melting-point. 

m-AMIDO.(Py.3)-PHENYL.(P7/.2)-METHYL 
QUINOLINE CII:CM0 

O.gH. A i.e. CgHX I ^ V| 

[116]. Obtained by reduction of »i-nitro-phenyl< 
methyl-quinoline with tin and IICI (Miller a. 
Kiiikelin, B. 19, 533). Prisms. Very soluble in 
alcohol and benzene, tolerably in ether. Has no 
dyeiug power, although it is isomeric with 
flavaniline. By further reduction with tin and 
HCl it yields a tetrahydrido. 

Salts.- The mono-acid salts are yellow, the 
di-acid colourless.— B^'H^Clj 2aq : easily soluble 
glistening prisms. B"H.,Cl,PtCl4 2aq ; orange 
tables.— B"H. Cl, PtCl4: concentric yellow platen 
m-Axnido - (Py. 3) - phenyl - {Py. 2) - methyl- 
.CHg.CHMe 

tetrabydro-quinolin. 

Formed by reduction of amido-phenyl-methyl- 
quinoline with tin and HCl. 

Di-acetyl derivative OijHjaNjAo,. [I7i> ]• 
Thin colourless prisms ; sol. hot alcohol. 

2 ?.Amido - (Py. 8) - phenyl - (Py. 1) - methyl- 

quinoline v. Flavaniline. 

AMIDO-PHENYL-HYDBO-QUINOLIKB 
Amedo-phenyl-quinoune. ^ . 

p-AMIDO-PHENYL-OCTANB ».e, 

-■t — XV 7 * 




A]1IPCK1E%B^^ AOI0. tin 


aloohai >t S0O<’wS9a*’ (Berw, JB. 18, 1B9). 
Fluid at -20®. Colourlesa oil. 

Salts. — B'sHgSO^: v. sol. hot water, v. si. sol. 
cold.— B'sEjO-Pi: small plates, v. sol. alcohol and 
hot water, si. sol. cold water. 

Benzoyl derivative C|4H2,.NHBz. [109®]. 
Slender felted needles, v. sol. alcohol and ether 
when hot, si. sol. when cold. 

o-Amido-phenyl-octane. From the nitro- 
compound (Ahrens, J5. 19, 2725).--B'2H2SnClg. 

jp-Amido-w-phenyl-n-octane. [10'5®]. (311° 
cor.). From n-octyl alcohol, aniline, and 
ZnCL, (B.).— B'HCl.— B'2H,S04.— B'^HAO*. 
Formyl derivative. [56°]. 

Acetyl derivative. [93°]. 

Benzoyl derivative. [117°]. 
AMIDO-OPIANIC ACID C.oHnNOj i.e. 

0, H(OMe)2(Naj(CnO)(COJI) [6:5:3:2:1]. Di- 
methoxy-amido-aldchydo-henzoic acid. From 
nitroso-opianic acid, SnCl^, and HCl. Crystalline. 
Balt.— HA'HGl: needles, decomposed by water. 

Eeactions . — 1. Brtry^a-?/;a^crgive abluc-violet 
colour. — 2. FeXl,. gives a green colour in solu- 
tions of NIT, A'. - 3. Hot Ac^O gives granules of 
[233°] (Kleemann, B. 20, 876). 

“ DI-AMIDO-DI-PHENYL OXIDE 

1. e. (CflH,.NH,),0. [185°]. From the nitro 
compound (TIot'fmcister, A. 159, 208). The 
sulphate forms slender needles. 

AMIDO-PHENYL-PENTANE v. Amido-amyl- 

nENZENK. 

TRI - AMIDO - TRI - PHENYL - PHOSPHINE 
OXIDE OiJIiaNgrO Le. OP(C,lI,.Nn,).,. [259°]. 
Obtained by reduction of tri-nitro>tri-phenyl- 
phosphine-oxido (Michaclisa. Soden, B. 17,923). 
White prisms. Soluble in hot water, hot alcohol, 
and acetone, sparingly in cold water, cold alcohol, ' 
and ether. Its salt? are very soluble in water. 

Tri-acetyl derivative 
OP(OjH4.NnAc)3aq. [188°], colourless crystals. 

Tri-benzoyl derivative OP(CflH4.NnBz)j 
[0. 180°], crystalline powder. 


DI - AMIDO - DIPHENYL - FHTHALIDE 

X^(0,H4NH2)2. 

0„H„NjO, i.e. 


Lactone of di-amido-tri-plienyl-carbinol carbo- 
xylic acid. [180°]. Tables. Prepared by 
reduction of dinitro-diphenyl-phthalidc. By the 
action of HNO.^ it gives phenol-phthalein (Baeyer, 
B. 12, 642 ; A. 202, CO). 

AMIDO-PHENYL-PIPERIDINE 0„H,„N2 i.e. 
C5NH,o.CaH4.NH2. [40°]. Formed by reduction 
of the corresponding nitro-compound [105°] with 
BnCls and HCl.— B"H2Cl2aq : largo colourless 
crystals (Lellmann, B. 20, 681). 



Propyi-phenyi-amine. Phenpropylamine. (225°). 
From aniline, ZnClj, and propyl alcohol ^t 270° 


(Louis, B. 16. 105 ; Francksen, B. 17, 1220). 
Liquid, volatile with steam ; v. si. sol. water. 
Salts; B'HCl; laminro, [204°].— -B'-.H^PtClB.— 
B'HBr. [213°].— B'HI.~B'2H2S04: lammce, si. 
sol. cold water.— B'jH 2C204; si. sol. cold water. 
Acetyl derivative 0,H,2AoN. [87^. 
Benzoyl derivative OgHjyBzN. [Ii6°]. 
^Amido-a-^enyl-propane 
j9|N.O^H4.0H(OH,).CH3. Amido - isoproj^l- 
(317°). Similarly prepared from iso- 


pro#! alcohol (L.)* Liquid, it sol. water. 
Salts: B'sHjSOi : si. sol. cold water.— B'^O^Of 

Benzoyl derivative [115°]: laminoa. 

See also Cumidinb and Fuznyl-pboptl* 

AMINE. 

0 - AMIDO . PHENYL - PROPIOLIC ACID 

C,H,N02 i.e. C„H4(NH2).C:C.C02H. 

Preparation. — An ammoniacal solution of 
o-nitro-phenyl-propiolic acid is slowly added to 
a cold solution of FeSO, (11 pts.) saturated with 
NH3 ; after 1 or 2 hours’ standing the mixture is 
filtered and the amido-acid ppd. from the filtrate 
by adding HCl in slight excess ; yield : 65 p.o. 
of the nitro-acid used (Richter, B. 16, 679). 

Properties.— Microscopic needles. Soluble 
in alcohol, sparingly in ether, nearly insoluble 
in water, benzene, chloroform, and ligroine. 
Dissolves in aqueous acids. Decomposes on 
heating to about 125° and on boiling with water, 
in the latter case forming o-amido-acetophenone 
and CO2. By boiling with NaOII and then 
adding HCl a splendid red colour is produced. 

Salt. — A'Ag* : insoluble pp. 

Ethyl ether A'Et— [55°] needles (Baeyer a. 
Bloem, B. 15, 2147). 

o - AMIDO - a - PHENYL - PROPIONIC ACID 

C,H„N02Z.c. CH3.C(CJI,)(Nn2).C02H. Amitk^- 
hydro-atropic acid. From the nitrile by treat- 
ment with HCl (Tiemann a. Kohler,/?. 14, 1981). 
Fcathcr-likc, satiny, needles. Sublimes about 
260°. V. e. sol. water, insol, alcohol and ether. 
Converted by nitrous acid into atrolactic acid. 

Nitrile CH3.CPh.(NH2).CN. Yellow oil. 

/3-Amido-a-phenyl-propionic acid 
CH.2(NH2).CH(0«H4).C02H. [169*5°]. A product 
of action of cone. NHjAq on /8-brorao-a-phenyl- 
propionic acid (Fittig a. Wurster, A. 195, 158; 
Mcrling, A. 209, 11). Plates (from water). SI. 
sol. cold water. 

o-Araido-a-phenyl-propionic acid. Anhydride 
or Uctam 

Formed, instead of the acid, by reducing 
C,H4(N02).CHMe.C02H. Needles (from dilute 
HCl). SI. sol. cold water, forming a neutral 
solution ; sol. alcohol and ether. When quite pure 
it has a pleasant smell. Slightly volatile with 
steam. It dissolves in alkalis but is reppd. by 
CO2 (Trinius, A. 227, 274). 

|7.Amido-a-phenyl-propionic acid 
CH,.CH(0„H4NH2).C02H. [128°]. Fromnitro- 
hydro-atropio acid, Sn and HCl (Trinius, A, 
227, 267). S a 1 1.— HA'HCl ; needles ; v. sol. water. 

a-Amido-jS-phenyl-propionic acid GgH^NOi 
U. 0A.CH2.CH(NH2)C02H. 

Amido-hydro-cinnamic acid. 

Occurrence.— hx the radicles 0! germinating 
lupin seeds, together with other amidA^cids. 
Forms about 1 p.o. of the dry seed. The mixtuW" 
is heated with cupric hydrate and filtered, the 
acid is isolated from the residue by treatment 
with HjS and subsequent evaporation (Schulze 
a. Barbieri, J". pr. [2] 27, 342 ; B. 14, 1785). 

Formation.— From its nitrile by HCl (Erlerft 
meyer a. Lipp, A. 219, 194). The acid formed 
in this way is perhaps not identical with that 
in lupin seeds. An amido-phenyl-propionic acid 
identical with that in lupin seeds occurs am«ng 
the products of the decomposition of proteids by 
HOI. It melts at [276°-280°] and is optionlly 
active, while the acid from phenyl-acetic aide- 
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hyde melts at [263°-26f(^ and is inactive (Sohnke 
a» Kageli, H, 11, 201). 

Pnoper<w5.-“Glittoring, anhydrous, plates 
(from hot saturated solutions) ; groups of slender 
needles, containing aq (from dilute solutions) 
(S. a. B.). Satiny plates (from alcohol) ; short 
anhydrous prisms or stars (from water) (E. a. L.). 
Sweet taste. Neutral reaction. M. sol. water, 
V. b1. sol. alcohol, insc^l. ether. Small quantities 
may bo sublimed. Gives nc^ colour with Millon’s 
reagent. 

Salts. — CuA'o: insol. water (S. a. B.). — 
CuA'j 2aq : rosettes of small blue prisms (E. a. 
L.).~AgA'. -HA'HCl: prisms or stars; v. sol. 
alcohol or water, insol. cono. HCI. — 
(HA'HCl),PtCl,.— HA'HNO,. - (IIA0,n,SO,. 

Reactions— 1. With KXr^O, and H.,S04 gives 
off odour of benzoic aldehyde, and ultimately 
forms benzoic acid.— 2. When heated it cakes 
together and at about 270° it melts giving off 
CO.^, HoO, and exo-amido-phenyl-ethane {q. v.) ; 
the residue may be crystallised from alcohol, it 
melts at [280°J and has the formula CsHgNO. 
From the behaviour of the analogous amido- 
propionic acid, we may suppose this body to be 
phenyl-lactimide. - 3. By putrefaction it gives 
phenyl acetic acid. 

Nitrile C«H,.CH..CH(NH,).CN. From the 
compound of HCN with phenyl-acetic aldehyde 
by heating with alcoholic NH3 at 100° (Erlen- 
meyer a. Lipp, A. 219, 189). Small crystals. 

Salts.— B'HCl : trimetric prisms; v. sol. 
alcohol, insol. ether, v. e. sol. water. 

Anhydride or lactam C^H^NO or 

0,.H„NA ».e. Ph.CHj.CH<^^> or 

Phenyl-Uctwiide. [291°]. A by-product in 
the conversion of the acid into amido-phcnyl- 
ethane by the action of heat. Very slender 
silky needles (from alcohol) forming an electric 
powder. May be sublimed as woolly needles. 
V. si. sol. water, HCI, or KOHAq ; insol. ether ; 
sl. sol. glacial acetic acid. 

/S-Aznido-jS-phenyl-propionic acid 
CeH,.CH(NH,).CIL,.CO,H. 

^-AviidoAiydro-cinnamic acid. [121°]. From 
^-bromo-)9-phenyl-propionic acid and cone, 
aqueous Nil, at 0 ’ (Posen, A. 195, 141 ; 200, 
97). Large monoclinic crystals (from water) ; 
m. sol. cold water, v. sol. alcohol, v. sl. sol. ether. 
Boiling HCI Aq splits it up into Nil, and cinnamic 
acid. Sal t.— B'HCl ; prisms, v. sol. water. 

Anhydride or lactam 

C,H,-Cn<!^^=>CO. PlienyUactimide. [147“]. 

Fqaa^d, instead of a sulphate, when the acid is 
added to H.^SO^ (1 vol.)*dilutcd with water (1 
vol.). Needles, insol. cold water, m. sol. hot 
water, alcohol, or ether. Is not reconverted 
into the amido acid by prolonged boiling with 
water. 

• o-Amido-jS-phenyl-propionic acid 

Anhydride or Zaciam CgH^NO t.«. 

p „ /NH . CGv p „ ^N:C(OH)^ 

Bydro-carhosiyril. Di - hydro - {Py. 3) - oxy - 
qtiinoUne. [1G0°], Formed, instead of the amide 
acid, when o-nitro-jS-phcnyl-propionic acid is 
reduced by tin and HCI (Glaser a. Buchanan, Z, 


1869, 194). Prisms; v. id. sol. water v. lol. 
alcohol, emer, and warm cono. HOlAq. May be 
distilled. PCI, at 140° converts it into di*ohloro« 
quinoline. 

Ethyl derivative 0„H«N(OEt). [199^]. 
Formed by reducing the ethyl derivative of 
carbostyril with sodium amalgam (Friedlander 
a. Ostermayer, B. 15, 335). Silvery plates. 

fa-Amido-^’phenyl-propionic acid 
C,H4(NH2).CH2.CH,.C0^. m - Amido • hydro • 
cinnamic acid. [85°]. Formed by reduction of 
jjt-nitro-)3-phenyl-propionic acid with tin and 
HCI (Gabriel, B. 15, 846). Colourless crystals. 

Y. sol. water, alcohol, and ether. Sal t. — A'HHOl ; 
colourless needles or scales. 

p-Amido-jS-phenyl-propionio acid 
C,H4(NH2).CH.,.CH2.C0.,H. p . Amido - hydro- 
cinnamic acid. [131°] fGlaser a. Buchanan, 

Z. 1869, 195). Preparoa by reduction of p« 
nitro-phenyUpropionic acid with FeSO, and 
NH3. Salts.— B'HCl.— B'-^H^SO^. 

Acetyl derivative 

C,n,(NnAc)C,H 4 .CO.,H. [143°]. Long colour- 
less needles or short prisms. Sol. alcohol and 
ether, insol. CSg (Gabriel, B. 15, 843). 
a-jS-di-amido-iS-phenyl-propionic acid. 
Anhydride or lactam 

C,H3.CH.CH(NH,).C0 

Nil — ' • 

a^Benzoyl derivative 
CA.CH. CH(NHBz).C O^ [187“]. Formed b, 

heating benzoyl-imido-cinnamic acid, 
C,H,.CH.CH.C0,H 

, with strong aqueous NH^. 

NBz 

Glistening needles or prisms; sol. hot alcohol 
and acetic acid, al. sol. ethoji, insol. water, dilute 
acids and alkalis. By boiling with HCI it loses 
NH3 giving the benzoyl derivative of a-amido- 
cinnamic acid (Plochl, B. 17, 1616). 

a-p di-amido-jS-phenyl-propionic acid 
C,H,2N,0,aq i.e. C„H,(NH,)CH,.CH(NH,)COj,Haq 
[245°-250’°]. p-Amidu-phcnyl-alanine. Got by 
reducing p-nitro-a-amido-phenyl-propionic acid 
(Erlenmeyer a. Lipp, A. 219, 219), or by reducing 
a-^j-di-nitro-cinnamic ether and saponifying tho 
I product (Friedlander a. Miihly, B. 16, 852 ; A, 

: 229, 226). Silky needles (from water), sl. sol. 
alcohol, insol. ether. Neutral; has a sweet 
taste, linduces salts of gold and silver. Does 
not give Hoffmann’s mercury reaction {A. 87, 
124). Gives off no NH., when boiled with KOH. 
Converted by nitrons acid into tyrosine. 

Salts. — IIA'PHCl. — HA'li,PtCl,. — CuA', ; 
small violet-blue crystals, sl. sol. water. — 
HA'ILSO, : small needles. 

(4, ’2,1) - di - amido - $ - phenyl - propionic acid 
(4:2:1), C,H,(Nn,),.CH,.CH,.CO,H. 

Anhydride or lactam CgH^gNjO «.«• 

Amido . hydro . 

carbostyril. {Py. S)-oxy-{B. S)-amido-di-hydro- 
quinoline. [211°]. Formed by reducing (4,2,1)- 
di-nitro-/3-phenyl-propionio acid (Gabriel a* 
Eimmermann, B. 12, 602). Needles or prisms* 
Not affected by boiling alkalis. Balt. — B'HCl. 

(f:3:l)-Di-ainido-)S-phenyl-prapionio acid. 
[4:3:1] CgH,(NH 2 ) 3 .CHj.CH,.CO,H. Di-amido- 
h/ydro-cinnamic acid. [144°, dry]. Formed by 
reduction of fH-nitro-|)-Bmido-phenyl-propioiiio 
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•dd with tin and HOI (Gabriel, B, 15, 2291). 
Thick o^stals containing aq. Sol. alcohol and 
acetic acid, v. si. sol. ether, chloroform, benzene, 
and CSj. Dissolves in aqueous acids and alkalis. 
W.AMID0.(Py. 3)-PHEinrL.QUIN0LINE 
.CH:CH 

U C«h/ I . [120^^]. 

\n : C.C«H,(NH2) 

Formed by reduction of w-nitro-phenyl-quino- 
line with tin and HCl (Miller a. Kinkelin, B. 
18, 1904). Long glistening needles. Distils at 
a high temperature undecomposed. Sol. ether, 
benzene, and hot water, v. si. sol. cold water. 

Salts. — B"H.^Cl.j: easily soluble colourless 
needles.— B"HXl2Pt'Gl4 : yellow crystalline pow- 
der. — B^^HaCl^PtCl^ : long fine needles. — 
B"H2SO,2aq : thick colourless prisms. 

(o) - djnido - (Py. 1) - phenyl - quinoline 
X(C„H,.NH2):CH 

Le. CJlZ I . [150°]. 


=CH 


Obtained by reduction of the corresponding nitro- 
compound [187°] with SnCl.^. Colourless glisten- 
ing plates (from alcohol). V. e. sol. alcohol, 
benzene, and chloroform, v. si. sol. ether with a 
bluish-violet fluorescence. Volatilises undecom- 
posed. Its mono-acid salts have a deep yellow 
colour and dye wool yellow, the di-acid salts are 
colourless. — >‘B"HI : soluble yellow needles.- 
•‘B^^H.^ClaPtCl^ : yellow prismatic needles. The 
chromate is a sparingly soluble brown pp. 
(Koenigs a. Nef, B. 20, 027). 

(/3) • Amide • [Py. 1) • phenyl - quinoline 


0,.H,A U. 


.C(C,H,.NH2):CH 


N= 


=CH 


[198°]. 


Obtained by reduction of the corresponding nitro- 
compound [118°] wfth SnOlj. Four-sided prisms. 
SI. sol. alcohol and benzene, v. sol. chloroform, 
V. si. sol. ether. The ethereal solution has a 
bluish- violet fluorescence. It volatilises unde- 
composed. Its mono-acid salts have a yellow 
colour and dye wool yellow, the di-acid salts are 
colourless. — *B"H2Cl2PtCl4 : yellow prisms, sol. 
HCl, nearly insol. water (Kcenigs a. Nef, B. 20, 
628). 

Amido-phenyl-quinoline. [130-5°]. V.D. 7-67 
(for 7‘62). Obtained by heating quinoline liydro- 
chloride with aniline (Jellinck, M. 7, 351). 
Yellowish white needles ; insol. cold water, sol. 
benzene, alcohol, and chloroform. 

Salts .— B"2nCl.— B'^HoPtCl^. 

Methylo -iodide. B"MeI. [220°]. 

tn- Amide- (Py. 3) -phenyl-hydroquinoline 
.CII.,.CIl2 

I . Thick 

\NH.CII.C„n4(NH.2) 

Formed by reduction of w-amido-phenyl-quino- 
line or of w-nitro-phenyl-hydroquinolino with 
tin and HCl (Miller a. KinkeUn, B. 18, ,1907).— 
B^HaCl*: monoclinic tables. 

IPy, 1:2)AMID0-FHEN7L-IS0QXJ1N0LIKE 
X(NH2):OPh 
OuHiaNat.e.O,H 4 <; / . [c. 100°]. 

'CH;N 

Formed by reduction of (Py. 4:l:2)-chloro-nitro- 
phenyl-isoquiiioline by heating with Hf and P 
(Gabriel, P. 19, 834). Yellowish plates or 
needles. Easily soluble in ordinary solvents, 
moderately in ether and ligroine. Dissolves 


syrup. 


readily in acids. Salts.— BflQI: yellow crys- 
tals. — ^B'sH 2 C 1 . 4 PtCl 4 : long orange-red needles. 
— ^B'HCl** : flat needles. 

DI-AMIDO-DI-PHENYL STTIPHIDE 

CjjHijNjS i.e. (CaH4NH2)2S. Thioaniline. [105°]. 
Mol. w. 216. Obtained by heating aniline 
(6 pts.l with sulphur (1 pt.) at 160°, with 
gradual addition of PbO (Merz a. Weith, B. 4, 
384) ; or from di-phenyl sulphide by nitration 
and reduction (KralTt, P. 7, 384). A small 
quantity is got by the action of S2CI2 on aniline 
(Schmidt, B, 11, 1168). Long thin needles 
(from water). V. si. sol. cold water, si. sol. hot 
water, v. sol. alcohol, ether, and hot benzene. 
Not attacked by hot cone. IICl, by hot alcoholic 
KOH, or by sodium-amalgam. Its solutions 
give a blue colour when warmed with FeaCl,. 
Cone. H2SO4 dissolves it with violet colour. 

Salts. — B"H2Cl22aq : prisms, v. sol. water, 
si. sol. alcohol or cold cone. HCl.- B"HC12aq. — 
B^H^PtCl,. — B"n 2 S 04 aq. — B" 2 H 2 S 04 aq. — 
B"H2C204. 

Diacetyl derivative (C8H4NAcH)28. 
[215°]. Needles. 

Di-o-ami do-di-phenyl di-sulphide CijHj^N.^Sj 
i.e. (C^H^NHJvS^. [93°]. Prepared by oxidising 
o-amido-pbenyl mercaptan with Fc^Cl,; (Hof- 
mann, P. 12, 2363). Plates; insol. water, sol. 
alcohol. Eeadily reduced back to the mer- 
captan. The hydrochloride forms lamium, si. 
sol. HClAq. 

Bi-p-amido-di-phenyl di-sulphide 
(CeH^NIIJaS.^. [79°J. Formed by saponifying 
its acetyl derivative with dilute H^SO,. Long 
greenish needles (from water) ; v. si. sol. water, 
V. sol. alcohol. 

Salts.— B"H2S042aq : small needles. 

Di-acetyl derivative (CuH4NAciI)2S3. 
[c. 217°]. Formed, togotbor with the diacetyl 
derivative of di-amido-di-phenyl tri-sulphide, 
by heating acetanilide with SjCI.^ at 100° 
(Schmidt, P. 11, 1171). 

Di - amide - di - phenyl tri - sulphide. D i - 
acetyl derivative (C,H4NAcII).,S3. [214°]. 
Prepared as described above ; forms lamina 
(from glacial acetic acid). 

AMIDO-DI.PHENYL SULPHONB 
Cp^H^NSO., i.€. C«H5.S02.C«H4.NHa. Amido- 
suljdiobenzide. From nitro-di-phenyl sulphone 
by alcoholic ammonium sulphide (Gericke, A. 
100, 209). Minute prisms, si. sol. cold water. 

Salts.— BTICl: [c. 90] ; reddish four-sided 
prisms. — ^B'TIaPtCla. 

Di-amido-di-phenyl sulphone CjaHiaNaSOa i.e, 
(C«H4NH..)2S0... [168°] (Schmid a. Nolting, P. 
9, 80). Obtained in the same way from di-nitro- 
di-phenyl sulphone. Four-sided prisms, si. sol. 
cold water. 

Salts B'^HaCL : long prisms.— B'lijFWfJ^ 

Di - amido - di - phenyl-sulphone di-carboxylio 
acid C,4H,..N2S0„ i.e. S02(C„H,(NH2)C02H)2, 
[above 350°]. Obtained from jj-aniido-benzoio 
acid and fuming H2SO4 at 180° (Michael a. 
Norton, P. 10, 680). Rose-red tufts of crystals 
(from water), si. sol. alcohol. 

Salt.— AgaA" : small white laminm. 

AMIDO-DI-FHENYL SULPHONIO ACIDS «. 
Amido-diphbnyl. • 

AMIDO-FHENYL SDLPHTDEATE v, Ahiso- 
PHSNIL MSSOAFXAir. 



i8t w^njtiTODRAm 


AlflX^BlEnE^ 

OjAjNfil, U 0,A(NHe)(SBJ^ [IS8% Pre- 
pared hy reducing nitro-dipnenyl di-snlpho- 
chloride with tin and HCl (Gabriel a. Dambergis, 

B. 18) 1411). Long needles. 

o . AMIDO-DIPHENYL-p -THIO-GLYCOLLIO 
ACID C„H„NSO, t.e. 

H,N.C,H,.C«H^.S.GH,.CO,H. [Over200^]. Formed 
hy action of a chloro-aoetate upon ^-amido- 
diphenjl p-sulphjdrate (Gabriel a. Dambergis, 
J3. 13, 1410). Plates; si. stl. water. 
o-AMIDO-s-DI-PHENYL-THIO-DREA 

C. sH.jN^S i.e. CaH,NH.CS.NH.C,H,.NH,, From 
o-phenylene-diamine and phenyl thio-carbi- 
mide in benzene (Lcllmann a. Wiirthner, A. 228, 
212). Glittering prisms, v. sol. alcohol and 
glacial acetic acid, si. sol. benzene, insol. ether. 
In a capillary tube it cakes together at 141° ; at 
185° aniline distils out of it ; but at 250° it is 
still solid : o-phenyleno-thio-urea being left : 
PhHN.CS.NH.CJI^NHa- 

‘^S<n2>C.H, + PIiNH^ 
m-Amido-di-phenyl-thio-urea. [148"]. From 
wt-phenylene-diamine and phenyl thio-carbi- 
mide in benzene (L. a. W.). Amorphous yellow 
powder or colourless prisms (from alcohol). V. 
sol. glacial acetic acid, m. sol. alcohol, insol. 
ether and benzene. May bo melted without de- 
composition. Decomposed by long boiling with 
alcohol, as follows : 2CS(NPliH)(x\H.C, ILNE..) 
(PhHN.CS.NH),0,H, C,H,(NH,),. The o and jp 
isomerides behave similarly. 

p.Amido-5-di-phenyl-thio.urea. From p- 
phenylene diamine and PliNCS dissolved in 
benzene (L. a. W.), Eeddish prisms (from 
alcohol). Sol. glacial acetic acid, insol. ether or 
benzene. Begins to decompose at 163°, form- 
ing p-phcnyleno-thio-urea and aniline. 

AMIDO-p-PHENYL-TOLUENE C,.,H,3N i.e, 
OjsHji.NHj, [93M)7 'J. Amido-tolyl- 2 )he.nyl. Ob- 
tained from _2J-phenyl-toluene, by 

nitration and reduction (Carnelley, C, J. 29, 21). 
Salt. B'HCl. [c. 283°]. 

DI AMIDd-PHENYL-TOLYL-KETONE 
0„H„N,0 i.e. n,N.C,H,.CO.C,lI,(CH3).NH,. 
[about 220°]. Colourless needles. Formed 
together with oxy-arnido-phonyl-tolyl-ketone and 
di-oxy-benzophenone by heating commercial 
rosaniline with water at 270°. 

Di-benzoyl derivative C,,n,ftO(NHBz),. 
[226°] , colourless needles (Lieberraann, B. 16, 
1927). 

DI-AMIDO-PHENYL-TOLYL-METHANE v. 

Di-amido-benzvl-toluene. 

Di-amido-phenyl-di-tolyl-methane 
Ca,H,.2N2i:.c.CACH(C,H,NH,)2. [185°]. Formed 
by heating a mixture of p-toluidine,p-toluidijje 
1^, CIGchloride, and benzow aldehyde for several 
hours at 120° (Ullmann, B. 18, 2094). It forma 
a compound with benzene, crystallising in 
glistening needles. 

Tri-amido-di-phenyl-tolyl-metbane 

i.e. (H,N.C«H,)XH.C,H«.N]^. Lcuc- 
aniline, [100°]. Obtained by reducing rosani- 
line (q. V.) (Hofmann, Pr. 12, 9 ; Kosenstiehl a. 
Gerber, A. Ch. [6] 2, 341). Small crystals (from 
boilmg water). Sl. sol. hot water, or ether, v. sol. 
alcohol. Converted into rosaniline by oxida- 
tion. Salts. — B'"H,C1, aq, — B'"j,3HJPtCL- 
3"'SHNOr 


derivative NeeAait 

Qirea ietra-Beetyl-roaanilme when oxidised with 
EsOrjO^and acetic acid (Benouf, B. 16, 1808). 

Tri-^amido-phenyl-ai-tolyl-methane 
0,^H„N,i,e. (H,N.O,H,),OH.OeH,.NH,. Prepared 
by reduction of nitro-di-amido-phenyl-di-tolyl- 
methane with zinc dust and HCl (Fischer, B. 16, 
680). Small colourless prisms or long needles. 
On oxidation it gives a rosaniline which dyes a 
bluer shade than ordinary rosaniline. 

o-AMIDO-s-DI-PHENYL-UREA C,3H„NaO t.s. 
NHa.CaH^.NH.CO.NHOaH^. From phenyl cyan- 
ate and o-phenylene diamine in benzene solu- 
tion (Lellmann a. Wiirthner, A. 228, 220). 
Slender silky needles (from alcohol). V. sol. 
glacial acetic acid, m. sol. alcohol, v. si. sol. ben- 
zene, insol. ether. In capillary tubes it cakes 
together and partially melts at 182°, splitting 
up into aniline and phenylene-urea, [305°]. 

w-Amido-s-di-phenyl-urea. From w-phenyl- 
ene diamine and PhNCO in benzene (L. a. W.). 
Grey needles (from dilute alcohol). V. sol. 
alcohol, and glacial acetic acid, si. sol. ether 
and benzene. In capillary tubes it decomposes 
at 185° into aniline and w-phenylene-urea, 
[above 300 ]. 

I jp-Amido-s-di-phenyl-urea. Fromp-phenylene- 
diamine and PhNCO in benzene fL. a. W.). Slender 
white needles (from alcohol). Sol. glacial 
acetic acid, v. si. sol. benzene, insol. ether. 
Decomposes about 210°-22()° into aniline and 
p.phcnylene-urca [above 320°]. 

Di-amido-di-phenyl-urea i.e, 

C0(NH.CfiH,.NH.j2. From tctra-nitro-di-phenyl- 
urea, (C„H3(N02)2.NH)2C0 by reducing with tin 
and HCl (Fleischer a. Nernes, B. 10, 1296). 
Laminm (from alcohol) ; si. sol. cold water, — 
B'..ILPtCl„. % 

‘aMIDO- PHENYL -URETHANE v, Amno- 

PIIENYL-CARBABIIC ETHER. 

0 -AMIDO-PHENYL-VALERIC acid 

[1:2] C,H,(NH,J.CH,.Cn2.CII.,.CIL.CO,H. [62^, 
Wliite needles. Formed by boiling an alcoholic 
solution of cso-di-bromo-ainido-phcnyl-valerio 
acid with sodium-amalgam. It could not be con- 
verted into an inner-anhydride even by dehy- 
drating-agents. Acetyl derivative: [161°] 
(Diehl a. Einhorn, B. 20, 385). 

AMIDO-PHOSPHENYLIC ACID v. Phos- 
phines. 

AMIDO-PHTHALIC ACID C3H2NO4 ija. 

CA(NH.,)(C0,H)2 [1:2:3]. 

Salt. — H.A"llSnCl3 2aq : needles, got from 
nitro-phthalic acid by tin and HCl. The 
hydrochloride gives oil COj on evaporation, 
becoming m-amido-benzoic acid (Miller, A, 
208, 245). 

Ethyl ether Et^A". Oil; got by reducing 
ethyl con-nitro-phthalate. 

Amido - phthalio acid 03H3(NH2)(C02H), 
[1:3:4]. • Its hydrochloride splits up, like that 
of the preceding acid, into COj and m-amido- 
benzoic acid (M.). 

Ether Ei-ik" [96°] (M.). Got by reducing 
u-nitro’phthalic ether (M. ; Koenigs, B. 10, 126). 
Monoclinic prisms (from alcohol). Ethereal 
solutions show faint blue fluorescence. 

Acetyl derivative [122P]. Minute 
lamina). 

Amido - iso - phtbalie acid 0tH,K04 2aq* 
[above 800°]. S. *104 at 16°; *92 at W. 
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VoKtned b/ lidaoing iiiin>-ito-phtl^ aoM, 
[949®] {Storm a. J&'ittig, i. 158* 285 ; Beyer, /. 
pr, [2] 25, 491). Prisms (from alcohol) or plates 
(from water). Solutions give a deep reddish* 
brown colour with Fe.^Cl„. 

Salts: KjA"; gives no pps. with salts of 
Ca or Ba, but pps. with salts of Zn, Cd, Cu, Ag, 
I’b, and Hg. — NSjA".— MgA"4iaq : S. 20 at 
15". — CaA"3»aq: S. 7*4 at 15°.— SrA"aq: S. 
6'6 at 16°. — IlaA"lJaq: S. 6*43 at 16°.— 
ZnA". — CdA". — AgHA". — H,A"HClaq. — 
(HjA"HCl).^PtCl4 3iaq : crystals grouped in stars. 
-HoA^HBr.— H,A""HN03 l:iaq. 

Methyl ether Me^A^' [170°]; solidifies 
at 104 '. 

Ethyl ether Et^^" [118°]; solidifies 
at 113°. Prepared by treating a mixture of 
nitro-iso-phthalic ether (50 g.), alcohol (300 g.), 
and cone. IICl (500 g.), with zinc dust at 0°. 
Tufts of thin plates (from alcohol) or slender 
needles arranged in crosses (from water). V. 
b 1. sol. water. Solutions fluoresce violet-red. 

Amido-tere-phthalio acid C^HjNO^ i.e. 
C.jHa(NH2)(CO.^H).^ [2:1:4]. Obtained by reducing 
nitro-terephthalic acid with tin and IICl (Warren 
de la Rue a. Hugo Miiller, Pr. 11, 112). Thin 
lemon-yellow prisms ; v. si. sol. cold water, alco- 
hol, ether, or chloroform. Decomposed by heat 
without previous fusion. Its solution fluoresces 
blue. 

Di-methyl ether Me-^A'' [12G^]. Salts: 
Me-jA^nCl : wliite needles, saponified by water. 
— (Me2A"HCl)2PtCl4 (Ahrens, B. 19, 1030). 

Di-amido-terephthalio acid CjjH^N^O* i.e» 
C,'E,{m,UCO,E).2 [5:0:1:4]. 

Ether Et,A" [168°]. Formed by the action 
of bromine upon di-amido-di-hydro-terephtlialic 
ether (di-imide qf succino-succinic ether) dis- 
solved in strong HjS04. Glistening orange 
needles. Sparingly soluble in alcohol and ether 
with a yellow fluorescence. By diazotisation 
and treatment with Cii.Cla it is converted into 
di-chloro-tcrephthalic ether, which is reduced by 
sodium-amalgam to terephthalio ether. The 
sulphate forms very sparingly soluble colourless 
needles (Baeyor, B. 19, 430). 

AMIDO - PHTHALIDE OgH^NO^ t.e. 

C,H.(NH.)<;^^P>0[4:^]. [178'’]. Formed by 
reducing nitro-phthalide [141°] (Hoenig, B. 18, 
3448). Short prisms; sol. chloroform, si. sol. 
alcohol, ether, and benzene, v. si. sol. cold 
water. Salts: B'HOl: needles, — D'aUPtCl^. 

DI . AMIDO - ISO - PHTHALOPHENONE 
CmHijN^Oo. Two isomeric compounds of this 
formula are obtained by reducing the two 
di - nitro - phthalophenones that are got by 
nitrating iso-phthalophenone 0,H4(C0.C3n5)3 
[1:3] (Ador, Bl. [2] 33, 66). 

AMIDO-PODOOABPIG ACID v. FonoCAnpio 

ACID. • 

DI - AMIDO - PEOPANE t>. Tbimethylenb- 
DUMiNE and Pbofylbke-diamine. 

(3:4:1)-4MIDO-PEOP£NYL-BENZOIC ACID 
C,oH„N02t;fi.C,H3(NH2)(C,H^)C02H [3:4:1] [94°]. 
Forniationx — 1. By reduction of nitro-pro- 
penyl-ben^ic acid with FeSO, aifd NH,, — 
2. By boiling amido-oxypropyl-benzoio acid 
with HCl (Widman, P. 16, 2572). Long 
, white needlei. Easily soluble in alcohol, ether. 


iuid bensene, glaringly in wA.t4r and ligroine. 
Tolerably marked basic properties. 

Salts: A'H,H01; long colourless easily 
soluble prisma. — (A'H,HCl)2PtCl4 ; easily 
soluble yellow needles.— A'H, AcOH : colourless 
prisms, [c. 160°]. 

Acetyl derivative 

CJI,(NIIAc)(C3HJC02H-[212°], long white 
needles, si. sol. hot water. By the action of 
nitrous acid it is converted into methyl-cinno- 

line carboxylioaeid di- 

azo-propcnyl-benzoio acid, 

probably being the in- 

termediate product (Widman, B. 17, 722). 

Amido-propenyl-benzoic acid 
C,n,(NH,)(C3H-)C02H [2:4:1]. [165°]. Formed by 
heating amido-oxypropyl-benzoic acid with dilute 
HCl (Widman, B. 19, 272). Yellow plates. 

Acetyl derivative: [122°]; white prisms. 

a-AMlDO-PEOPIONAMIDE i.e. 

CH3.CH(NIL).C0.NH2. [above 250°J. Occurs in 
urine (Baumstark, A» 173, 342). Small columns, 
b1. sol. cold water, m. sol. hot water, insol. ether 
insol. alcohol (difference from urea). Converted 
by nitrous acid into sarco-lactic acid, and by 
baryta-water at 150° into COj, NH,, and 
ethylamine. 

a-AMIOO-PROPIONIC ACID v. Alanine. 

/8-Amido-propionic acid CaH^NO^ is. 
CH,(Nn.,).CH2.C0.2n. [180°]. Mol. w. 89. 

Formation. — J. Together with jS-imido-pro- 
pionic acid, by the action of NH, upon 3-iodo- 
propionic acid (Heintz, A. 156, 36; Mulder, B. 

9, 1903).— 2. From cyano-acetio acid by reduc- 
tion with Zn and H2BO4 (Engel, B. 8, 1697). 

Properties, — Prisms ; v. e. sol. water, si. sol. 
alcohol. Sweet taste. Split up by distillation ' 
into NH3 and acrylic acid. 

S a 1 1. — Cu A'.> 5aq : dark-blue prisms. 

(a)-AMIDO-PEOPIONITEILE CjH^Nj ♦.«. 
CH,.CH(NH.,).CN. A mixture of aldehyde- 
ammonia and prussic acid (30 p.c. solution) is 
acidified with H.4S04Aq (1:3) (Erlenmeyer a. 
Passavant, A. 200, 121). Liquid; quickly 
changes to imido-propionitrile, giving off NH!,. 
— B'HCl.— B'^H^PtClj. 

AMlDO-FEOPTL-ALCOHOL v. OxY-FBOPTZir> 

AMINE. 

AlfIDO.ISOPEOFTL-BENZOIC ACID 
Amido-cdminic acid. 

AMIDO-n-PROPYL-CINNAMIC ACID 
C,2H,aN02t.c. C,Ha(C,H,)(NH2).C2H2.C02H [4:2:1] 
[155°]. Formed by reduction of nitro-»-propyI- 
cinnamic acid with FeS04 and NHj (Widman, B. 
19, 277). Glistening yellow needles. Easily 
soluble in hot alcohol. By heating with dilute 
IICl for a long time it is converted- 
propyl-carbo-styrii [162°]. 

a-AMIDO - p - PROPYL - PHENYL - ACETIC 
ACID Cj.H.aNOa i.e. C,H,.CJl4.CH(NH2).CO^ 
[197°]. Prepared by saponifying the pr^uot of 
the action of HCN upon cumin-hydramide 
(Plochl, B. 14, 1316). 81. sol. cold water, ftisoL 
alcohol and ether. 

AMIDO-PYBENB v. Pybenb. 

AMIDO-PYROCATBCHtN ’‘CeHyNO, U 
*C^H3(NH2)(0H)2. By reducing the nitro-oom- 
ponnd by Sn and HCl. 

Salt: B'HCl: dark needles. Sodio cac< 
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boMte liberates the free base which, howe?er, ia 
rabidly oiidised by air forming a violet solution 
(Benedikt, J,pr, [2] 18, 467; B. 11, 363). 

Methylene derivative CjIi^NOj i^. 

Obtained by reducing 

methylene - nitro - pyrocatcchin or nitro- 
piperonylic acid (Hesse, A. 199, 311). Brownish 
oil. Salt:B'HCl. 

AMIDO-PYEOGALIjpI C^H^NOj i.e, 
C^Hjj(NHJ(OH) 3 . Amido-p^/r^gallic acid. From 
the nitro-compound. Its alkaline solution turns 
blue in air. 

Salt. — B'lICl : needles (Barth, M. 1, 884). 

AMIDO-PYRO-MECONIC ACID CANO^ i.e. 
® 4 H 3 (NH 2 ) 03 . From nitro -pyro-meconic acid, 
tin and IlCl (Ost, J. pr. [2] 19, 194). Needles 
(from water). FeaCl^ gives a blue colour, changed 
to red by excess. — B'HCl aq. 

Di-amido-pyro-mellitic ether 
0«(NH3)2(C02Et), [134°]. From the nitro com- 
pound (Nef, A. 237, 24). Diacetyl dcriva- 
tive [149 ]. 

(a)-AMIDO-PYRRYL METHYL KETONE 

C^HHN^Oi.c. C,H3(NIE)N.C0.CH3. Formed by 
reduction of (a)-nitro-pyrryl methyl ketone with 
tin and HCl (Ciamician a. Silber,B. 18, 1460).— 
B'jH^PtCl^ : long yellow needles. 

(B.4)-AMIDO-QUINOLlNECaNH,.NH2.[C7°J. 

Preparation. — l.By reducing iiitro-quinoline, ' 
[89°] (Koenigs, B. 12, 451).— 2. By heating ' 
oxy-quinolinc with zinc - chloride - ammonia 
(Bedall a. Fischer, B. 14, 2573). Plates. Dis- | 
fiolvcs in acids. CrO, gives a blood-red colour. | 

(B. 2).Amido-quinoline C„H,N.. [114 ]. Pre- I 
pared by reduction of nitro-quiiioline from p~ ■ 
nitraniline (La Coste, B. 16, 670). Colourless ! 
plates or flat needles (containing 2aq). Sublim- ■ 
able. V. sol. alcohol and ether, less in water ! 
and ligroin, baits: B"HC1: large colourless ‘ 
prisms. — B'^LCLPtCl^ 2aq. : crystalline pp. 

Pi crate B"(Cun 2 (N 02 ) 30 H) 3 ; needles. 

{B. 3)-Aiuido-quinoline 
XHtCH 

03 H,(NH 2 )^ I . [110°]. Prepared by 

\N = CH 

heating {B. 3)-oxy-quinoline with ammoniacal 
ZnClj (liiemerschmied, B. 16, 725). Yellow 
plates. Sublimable. Sol. alcoliol, ether, and 
hot water; si. sol. cold water. The ijicrate 
forms long red needles, v. si. sol. ether. 

(a)-Di-amido-quiuoline C„H„N 3 i.e. 
C,H 3 (NH 2 ) 2 N. [156° uncorr.]. Formed by re- 
duction of (o)-di-nitro-quinoline ( 183°] with 
SnCL (Claus a. Kramer, B. 18,1247). Thick 
yellowish needles. — B"H,Cl.^PtCI, : red needles. 

(8)-ri - amide - quinoline. [163° uncorr.]. 
Forme.’ by reduction of (8)-di-nitro-quiiioline 
rj,^2^ith SnClj (C. a. K.). Small yellow 
needles or plates. Is not suulimablc or volatile 
with steam. V. sol. water and alcohol, si. sol. 
ether, benzene, and ligroin. — BjE-^Cl^PtCl^ : 
yellow crystalline powder. 

DI-AMI DO-QUINONE C«H2(NH,J.202 [6:2:4:!]. 

Diacetyl derivative CuH,(NHAc) 202 ; 
[265°-270^]. Formed by oxidation of tetra-ace- 
tyl-di-amido-hydroquinone CoH 2 (NHAc) 2 (OAc )2 
W tri-acetyl-tri-amido-phenol C,.H 2 (NHAc) 30 II 
(from'picric acid). By heating with SnCl 2 dis- 
solved in conc. HCl it yields di-amido-hydro- 
luinone (Nietaki a.Preusser,B. 19,2247; 20, 797), 


Bl-AKIDO-quiNONX-XMIDS v. Amo-w. 

tMIDO-PHXNOX:,. 

(B. 2).AMID0.QUIN0XALINE C^H-Ng U 

vN:CH 

C^H 3 (NH 2 )^^ [169°]. Formed by condeu* 

sation of glyoxal with (l:2:4)-tri.amido-beti- 
zene (Hiiisberg, B. 19, 1254). Yellow needles 
or large crystals. Sublimable. V. sol. water, 
alcohol, and chloroform, m. sol. ether and 
benzene. The ethereal and chloroform solu- 
tions have a yellowish - green fluorescence. 
The aqueous solution gives yellow pps, with 
AgNOa and HgCla. Its solution in HCl is deep 
violet. 

Salts. — B'HCl: brown plates with green 
reflection.— B'.,H., SO,.— B'.,H,Cl..PtCl^. 

AMIDO-RESORCIN C.H.NOa [1:2:4] 
CJl 3 {NHJ(OH) 2 . Formed by reducing nitro- 
resorcin with tin and HCl (Weselsky, A. 164, 6). 
— B'HCl 2aq: gives brown colour with FeaCl^. 
The free base is unstable. 

Ethers: [32°]; (251°). 

From benzene-azo-di-ethyl-resorcin (Will a. Pu- 
kall, B.20, 1124).-C,H3(NIL)(OH)(OEt). [148°]. 

Amido-resorcin. Ethi/l ether 
CJl3(Nn2)(OEt)2 [1:2:6]. [124°]. From benzene- 
o-azo-di-ethyl-rcsorcin (Pukall, B. 20, 1148). 

Di-amida-resorcin C,HhN„0., i.e. 
CJL(N1F),(UH),. [1:3:4:6J. The hydrochlo- 
ride is obtained by reducing dinitroso-resoroin 
(Fitz, B. 8, 633) or benzene-disazo-resoroin 
(Liebermann a. Kostanecid, /?. 17, 881). It gives 
a blue colour witli FOoCl,.. The free base is un- 
stable. If the hydrochloride is suspended in 
chloroform, a little aqueous NaOH added, and 
then a large quantity of water, a beautiful blue 
colour is produced.— B"II,SO, l .Uq. 

Di-amido-resorcin. Formc?l by reduction of 
di-iiitro-resorcin with tin and HCl (Typko, B. 
16, 555). The hydrochloride (B'HXl.J forms 
easily soluble flat needles. Fc._,Cl„ produces a 
ppn. of steel-blue prisms of di-imido-resorcin. 
AMIDO-SALICYLIC v. OxY-AMiDo-nr.NZOio. 

DI - AMIDO - STILBENE v. Di-Amido-di • 

rHENYL-KTllYLKNl!. 

AMIDO-STEYCHNINE C 2 ,H, 3 N 302 i.e. 
C 2 ,ir.,(Nir,)NX.. [275°j. (e. 280°) at 5 mm. 

From nitro-strychnine and SiiCL (Iioebisch a. 
Schoop, iir. 6, 848). Cubes (from alcohol). Insol. 
water, si. sol. benzoline, m. sol. alcohol, v. e. 
sol. ether and chloroform. Its salts are very much 
more soluble than those of strychnine ; they 
turn reddish-violet in moist air. They give the 
general reactions for alkaloids. Give no colour 
wdth couc. H.^SO, and KjCr-^O,. A dilute acid 
solution is turned blue by aqueous K,,Cr 202 or 
byre-Xl,. Salts.— B "2HC1: prisjus.— B''H,,PtCl 3 . 

Acetyl derivative Co.ILdNAcHlN-Aaq 
[205°] (L. a. S. Af. 7, 77). / ^ 

Di - aiqido - strychnine C,,H,,,(NH2)2N20j. 
[263°]. From di-nitro-stryclinine, tin, and HCl 
(Hanriot, C. Ji. 96, 586; Bl. [2] 41, 236). Prisms 
(from chloroform) ; v. si. sol. water and ether, 
m. sol. alcoliol, v. sol. chloroform. Gives no 
colour with conc. H 2 SO^ and K,Cr20.. A dilute 
acid solution is turned violet-blue by oxidising 
agents such as K..Cr.,0;Aq or NaOCl* 
p-AMIDO-STYRENE C^H^N t.e. 
C,H 3 (NH 2 ).CH:CIL^ [76°-81°]. A body of this 
composition ii formed by reducing p-nitro- 
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dnnamio aeid with tin and HOI (^nder» B, 14, 
2350), and by heating j7-smido-cinnamio acid 
(Bernthsen a. Bender, R 15, 1982).— B'-HBtCL. 

o-AMIDO-STYEYL-ACBYLIC ACID 0. .H.,NO, 
•.#. 0,H,(NH,).CH:CH.CH:CH.C0,H. o-Amido^ 
emnaimnyl-acrylic acid. [177°]. Formed by 
feduotion of o-nitro-styryl-acrylio acid with 
/orrous sulphate and ammonia. Yellow needles. 
V. sol. chloroform, ether, alcohol, and acetic 
acid, si. sol. CSj and hot water, v. si. sol. cold 
water. Its ethereal solution has a green fluores- 
cence. It forms salts with acids and with 
bases. The hydrochloride is easily soluble, 
the sulphate sparingly soluble. The salts with 
bases are deep yellow. 

Acetyl deriv alive 

C,H,(NHAc).C,II,.CO,H: [253°]. Small white 
tables, sol. hot alcohol, si. sol. cold alcohol and 
ether, insol. water (Diehl a. Einhorn, B. 18, 2332). 

o-AMIDO-STYRYL-PROPIONIC ACID 
C,H^(NH,).CH:CH.CH,.CII,.CO,H. o - Amido - 
cinnamyl-aceiic acid. [59° hydrated]. Crystals 
{ + H2O). Easily soluble in ordinary solvents. 
Formed by reduction of o-amido-styryl -acrylic 
acid with sodium-amalgam (Diehl a. Einhorn, 
B. 20, 378). 

AMIDO-SUCCINAMIC ACID v. Aspaiuoine. 

AMIDO-SDCCINIC ACID v. Aspartic acid. 

Di-amido-succinic acid C4lIsN.,0, i.e. 
CO,H.CH(NTI,).CH(NH,).CO,H. [125°]. 

Formation. — 1. From di-bromo-succinic acid 
and NH3 (Lehrfeld, B. 14, 1817).— 2. By redu- 
cing the di-phonylhydrazide of di-oxy-tartario 
acid, CO,II.C(N,HPh).C(N3HPh).CO,H, in alka- 
line solution with sodium amalgam. The yield 
is 35 p.c. of the theoretical (Tafel, B. 20, 247). 

Properties. — Prisms; v. si. sol. water, alcohol, 
ether, acetone, orotic acid, chloroform, aniline, 
phenol, and CS,,. Sol. aqueous acids and alkalis. 

Di-amido-succinic acid [151° 

uncorr.]. White needles or prisms. Sol. water, 
alcohol, and ether. The acid is isomeric with 
the preceding. The ether is formed by the 
action of NH, on di-chloro-succinic ether. 

Diethyl-ether A"Et.^. [122° uncorr.] 
Colourless needles or trimetrio prisms. Sol. 
alcohol and ether, v. si. sol. water. 

Salts. — A"Ag., and A'Tb: insol. pps. — 
A"Cii : green pp. 

Di-amide C,H„N,(CO.NHJ,. [1G0° uncorr.]. 
Long slender needles. Insol. water and ether 
(Claus a. Helpenstoin, B. 14, 624 ; 15, 1850). 

AMIDO - SUCCINURIC ACID v . Uhamido- 
8UCCINIO acid. 

AMIDO - SULPHOBENZIDE v . Amido-di- 

l*]l KNYL SULPTIONE. 

AMIDO-SULPHO-BENZOIC acid O^H^NSOj 
i.e. C„H3(NH,)(S03lI)(C02H) [1:3:5J. From 
nilro-7n-sulpho-benzoic acid and aqueous am- 
monium sulphide (Limprichta. Uslar, A. 100,29). 
Needles, v. sol. hot water, ra. sol. alcohol, v. si. 
Bol. ether. Blackened by heat. Combines with 
bases but not with acids. 

(a)'amido-sulpho-benzoic acid O^H^NSO^aq 
i.e. C«H3(NH,)(S03H)(C0,H) [l:a;:6]. Obtained, 
together with the following acid, by sulphona- 
tion of w-amido-benzoio acid (Grioss, J. pr. [2] 
5, 244). liour-sided laminESv m. sol. hdt water. — 
Salt:— BaA"2aq: v. si. sol. water. 

(B)-amido-8alpho-benzoio acid 0^,NSO. 
U OJI,(NHJ(SO,H)(CO^ [l:aj;5J. Six-sidad 
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laminsB; v. iL soL hot water.— Salt: BaA'^Saq: 
m. sol. water. 

Amido-snlpho-beosoio acid 
0,H3(NH,)(S03H)(C0,H) [1:3:6]. Rhombic 

plates, sol. hot water. Dilute solutions show 
blue fluorescence (Hart, Am. 1, 303). 

Amido-sulpbo-benzoic acid 
C.H3(NH,)(S03lI){C02H) [1:2:4]. 

Imide [286“]. From 

the amide of p-nitro-tolueno sulphonic acid by 
oxidation and reduction (Noyes, Am. 8, 167). 
Colourless crystals, v. si. sol. water. Its solution 
shows dark blue fluorescence. 

AMIDO-SULPHO-BENZOLIC ACID. An old 
name for amido-benzene sulphonic acid v. 
Amido-benzene. 

AMIDO-SULPHO-PHENOLIC ACID. An old 
name for amido-phenol sulphonic acid v. Amido- 

PUENOL. 

a-AMIDO-p-SULPHO - PHENYL- PROPIONIC 
ACID C,H,jNSO,i.e. 

S03lI.C,tI,.CH.,.CH(NH2).CO.,H. 

From a-amido-phenyl propionic acid (20g.),cono. 
H2SO4 (30 g.) and Nordhaiisen acid (25 g.) (Erlen- 
meyor a. Lipp, A, 219, 209). Groups of short 
prisms (from water). M. sol. water, v. si. sol. 
alcohol, insol. ether. Docs not combine with 
HCl. Fused with KOH gives p-oxy-benzoic acid. 
— Salts : BaA'^daq : flat prisms. 

AMIDO-TEREPHTHALIC acid t;. Amido- 
phthalic Acm. 

m-AMIDO-THIO-BENZAMIDE CjHgNjS 
C,jn4(NH2).CS.NII.2. Obtained by boiling m-nitro- 
benzonitrile with aqueous ammonium sulphide 
Hofmann, Pr. 10, 598; B. 1, 197). Needles 
from water). Weak base. Decomposed by 
heat into H.^S and amido-benzonitrile. Alcoholic 
solution of iodine converts it into Ci4H,.jN4S, 
crystallising from water in slender needles 
[129°]. Forms a platino - chloride 
C,4lI,2N4SH..rtCl, (Wanstrat, B. G, 332). 

p • Amido - thio - benzamide [170°]. From 
p-nitro-benzonitrile and cone. H.^SO^ (Engler, A» 
149, 299). Crystals ; m. sol. alcohol. 

AMIDO - THIO - CRESOL v. Amido-toltl 

MERCAPTAN. 

AMIDO-THIOPHENE 04SH3 (NHj). Pre- 
pared by reducing nitro-thiophenc with tin and 
alcoholic HCl (Stadlcr, B. 18, 1490, 2316). Yellow 
oil. Very unstable ; being changed in 12 hours 
into a brittle resin. The hydrochloride reacts 
with diazo salts forming stable azo compounds. 
Salts BTIGl.— B'.H^SnCl^. 

a-AMIDO-THIENYL-ACETIC ACID 
CgH^SNO., i.e. 0,811, .CH(NH2).CO,H. Formed 
by reducing the oxim of thionyl-glyoxylic acid 
C,SH,.C(N0H;.C02H with tin and HOI (Bradley, 

B. 19, 2115). PUles or grains ; 

235°-210°. Saits. -The acid gives pps. witu 
salts of Cu, Hg, Bi, and Zn, but no pps. with 
salts of Fe, Mg, Mn, Ur,Ni, Ba, Ca, Sn, or Pb. — • 
CuA'2 aq.— HA'HCl. 

AMIDO - THIOPHENOL v, AMiDO-pjpNXJb 

MERCAPTAN. 

AMIDO - THYMOL O.oH.jNO <4. 
0,H2Pr(NH2) (CH,) (OH) [1;3?:4:6]. Nitroso- 
thymol, prepared from sodium-thymol, KNO, and 
HjSO, (Schiff, B. 8, 1600), is reduced by 
Sn and HCl to the well-crystallised tin salt of 
j?-amido-thymol. This is dissolved in water and 





ddeompoM b/ H|l| (An^reaea, m }81, X69>.-^ 
Salt : B'EfCl: decomposes at 210*’-215®. ^ 

Reactions* — 1. Risking powder solution 
cpnTerts it into thymo-qoinone-ohloro-imide 
(g.v.)* — 2. A solution of bromine in NaOH 
oxidises it to thymo-quinone. — 3. Bromine water 
has the same effect. 

Amido-thymol sulphonic acid C,unn(S03H)N0 
Is among the products of the action of cone. 
NaHSOaAq upon thymoquinone-chloro-imide 
(A-)- Needles or prisms. « 

Di-amido-thymoquinone CioHj^N^Oj i.e. 
0ttPrMe(NHj303 or Oxy-amido4hynu)-quinon- 

imide C.PrMe(NII.)(OH)< | . Formed by 

\nh 

heating phenylamido-oxy-thymoquinone with 
alcoholic NHyat 100° (Anschutz a. Leather, C.J. 
49, 726). Dark blue crystals, insol. water, ether, 
benzene, chloroform, and CSj ; v. si. sol. alcohol ; 
sol. glacial HOAc (crystallising with ^HOAc); 
T. sol. HClAq, forming a red solution. 

AMIDO-TOLTJENE v. Toluidine and Bexzyl- 

AMINB. 

Di-amido-toluene v. Tolylene-diamine and 
Amido-benzylamine. 

TEI . AMIDO - TOLUENE i.e. 

CAMe(NH,)3 [1:3:4:5]. 

p-A cetyl derivative CgH.^Me(NHAc) (NHj), 
[1:4:3;6] [o. 2G4°] ; pearly rods (containing aq) ; 
sol. acetic acid and hot alcohol, insol. water, 
ether, and benzene. Formed by reduction of 
acctyl-di-nitro-p-toluidinc (1 pt.) with tin (3pts.) 
and cone. HCl (8 pts.). The hydrochloride 
(B'HCl ^aq) forms white concentric easily 
soluble needles (Niementowski, B. 19, 71C). 
Benzoyl derivative 

C„H2Me(NHBz)(NH,)j [1:4:3:5] [c. 185°j. 

Formed by reducing benzoyl-di-nitro*^;-tcluidine 
(Hiibner, A. 208, 318). Insol. water, sol. alcohol 
and ether. Salts.— B"2HCI.—B'TI.,SO^. 

Tri-amido-toluene C,H3(Cn3)(NH;)3 [1:2:4:?]. 
Very oxidisable crystalline solid. Tri-acid base. 
Prepared by reduction of nitro-tolylene-7«- 
diamine. B'"(HC1)., and B'".^(H^>SOJ., are white 
crystalline solids (Kuhemann, B, 14, 2G57). 

AMID0.T0LUENE SULFHINIC ACIDS 
C,H,NSO,. 

o-Axnido-tolnene snlphinic acid 
O^HjMepHJSO^H [1:2;4J. o-Toluidinesulphinic 
acid. S. *148. From o-amido-tolucnc thio- 
sulphonic acid and sodium amalgam (Paysan, 

A. 221, 361). Bectangular tables, si. sol. water 
or alcohol, insol. ether or benzene. At 1G0° it 
decomposes without melting. 

Reactions. — 1. With yellow ammonic sulpha 
ide forms amido-toluene thiosulphonic acid. — 
2. KMn04 forms amido - toluene sulphonic 
Boiling HCl forms the isomeric toluene 
suiph^ine.— 4. Nitrous acid loimB a diazo com- 
pound which when warmed with alcohol forms 
the ethyl derivative of crcsol sulphonic acid. 
Salts .— KA'.— BaA'j 2aq.— AgA'. 

^oluene sulphamine CjHgNSO^. [176°]. Got 
by heating o-amido-toluene sulphinic acid with 
HCl and ppn. by NH,. Needles in stars (from 
alcohol). — B'HCl : groups of slender needles. 

p. Amido-toluene sulphinic acid C,H,NSOj 
M. C«H3(NH,)Me.SO,H [1:4:6]. From 
CaH3(NH,)Mc(S02SH) by boiling with HCl but 
lince much then changes to toluene sulph- 


aznha)» It ir ^better It with eddfnin 

amalgam (Eteffter, A* 221, 847). Hard prisms. 
Hoes not melt below 240°. Insol. alcohol, sL 
sol. cold water, v. sol. hot water. 

Reactions* — 1. Warmed with a solution of 
sulphur in ammonic sulphide it changes to the 
thiosulphonic acid, C^H3(NH,)Me.(SO,SH).— 2. 
Bromine converts it into amido-tolnene sulphonic 
acid.— 3. Not reduced by Sn and HCl. 

Salts .— K A'. — Ba A'o o-aq. 

Toluene sulphamine (isomeric Avith the 
above). [132°]. Got by heating p-amido-toluene 
sulphinic acid with cone. HCl. It is a base. 
Microscopic prisms (got by adding NHj to its 
solution in HCl). V. sol. alcohol and ether, but 
separates from them in a resinous form ; si. sol. 
water. Dissolved by treatment with Avator and 
sodium amalgam (not NaOH alone) forming 
Bodic amido-toluene sulphinate. 

Salts. — B'HCl: si. sol. HCl, v. sol. water or 
alcohol. — B'oILSO^. — BTIBr: changes readily 
into amido-toluene sulphonic acid.— BTINO^ : 
Avarmed with HNOg forms amido - toluene 
sulphonic acid. 

Di-amido-toluene snlphinic acid C^HioN.SO^ 
%.e. C„ILMe(NHJ.S03H. TolyUne-di- amine 
sulphinic acid. S. *047 at 20°. From 
CAMe(NH,),SO,SH by boiling with HCl (Perl, 

B. 18, 70). Silky needles (containing aq). V. si. 
sol. water, insol. alcohol, ether, and glacial 
HOAc.— PbA'.. 2aq : minute needles. 

AMIDO-TOLUENE SULPHONIC ACIDS 

C, Hi,NS03 (Limpricht, B. 18, 2172). 

o-Amldo-toluene sulphonic acid 
CJl3Me(NH,)S03Haq[l:2:5]. o-Toluidine stti 
phonic acid. S. 2-76 at 12 ^ (TI. Hasse). 

Preparation. — 1. By heating the acid sul- 
phate of o-toluidine at 220° 23^°, or in a metal 
dish till solid (Nevilc a. Winthcr, C. J. 37, G2C ; 

B. 13, 1941; Gerver, A. 1G9, 374; Pagel, A. 
17C, 292).-' 2. By reducing the corresponding 
nitro acid (Fotb, A. 230, 30G). 

Salts. — KA'aq : tables and prisms. — 
NaA'4aq; tables,— BaA'2 7aq: tables and prisms. 
— Kgh! : prisms. 

licactions. — 1. Bromine water forms first 
Cn3.C«H,Br(NII,)S03H [l:3:2:r>] then di-bromo- 
toluidine CJL(CH.,)(NH2)Br2[l:2:3:5][46°] is ppd. 
2. Fused with alkalis or heated with water or 
aqueous IICl to 100° it forms o-toluidine. — 8. 
Nitrous acid and alcohol give w-toluene sul- 
phonic acid. —4. With odoluidine at 236° it 
forms a red dye. 

o-Amido-toluene sulphonic acid 
C3H3Me(NH2)(S03H) [1:2:3]. Obtained by re- 
ducing the corresponding nitro acid (Pechmann, 
A. 173, 216). Minute needles; si. sol. cold 
water. Gives o-toluidine when fused with KOH. 

o-Amido-toluene sulphonic acid 

C, H3Me(NH.J(S03H)aq [1:2:4]. From the nitro 
acid (Bek, 1869, 211 ; Beilstein a. Euhlbcrg, 
A, 155, 21 ; Weekwarth, A. 172, 193 ; Hayduck, 
il. 172, 204; 174, 343; Herzfield, B. 17, 904). 
Long needles or four-sided prisms. S. *974 at 11° ; 
insol. alcohol. The aqueous solution is turned 
violet by Fe^Cla. Potash -fusion gives o-amido* 
benzoic acid. Bromine gives di-bromo-toluidine 
Bulphonitf aoid. Salt8.—NaA'4aq.^KA'aq.— 
BaA'22iaq.-~PbA'2. 

Amide. — C3H,Me(NH2)S02NH3. [1765* 

S. ‘32 at 33°. From O.H,Me(NO|>SO^H» 





(128%KH^andH,S(Pa78an, A,%2lt 210}« Fotir* 
tided oolumna. 

S al t.— 0,H3Me(NHaCl).S0,NH2. [240'’]. 

m-Amido-tolaene salphonic acid 
0,H,Me(NH.JS0;Jl [1:3:2J. m-Toluidine suU 
phonic acid [275®]. By sulphonation of 7 / 1 - 
toluidine (Lorenz, A. 172, 185). Tables or 
plates; si. sol. water. Bromine-water produces 
tri-bromo-toluidine. 

Salts.— BaA'^Oaq. — PbA'.^Sl^aq. 

m-Amido-toluene sulphonic acid 
CBH3Me(NH2)SOaHaq. S. (dry) *14 at 19®. From 
bromo-toluene sulphonic acid CgHaMeBrSOaH 
[1:2:4] by nitration and reduction (Hayduck, A. 
174, 350). Minute needles. 

jp-Amido-toluene c.ro-sulphonio acid 
C«H,(NHJ.CH2.SOaH [1:4]. p-Amido-be?ii!!/2-sul- 
phonic acid. S. -097 at 10°. Formed by reducing 
the nitro acid by NH3 and H.^S (Mohr, A. 221, 
219). Prisms, insol. alcohol, sh sol. cold water. 

Salts.— KA' 2.1 aq. -BaA'o8aq. 

The diazo derivative, ^ 

is con verkd into C,iH^(0Et).CH2.S03H by heating 
with alcohol under 1100 mm. pressure. 

p-Amido>toluene sulphonic acid 
C,H3Me(NHJS03lInq [1:4:2]. p-Toluidine sul- 
phonic acid' S. *45 at 20°. A product of sul- 
plionation of p-toluidino (Sell, A. 12G, 155; 
Malychelf, Z. 1809, 212) ; formed also by re- 
ducing jj-nitro-tolueno sulphonic acid (Beilstein 
n. Kuhlberg, A. 172, 230). lUiombohcdra (con- 
taining aq). licduccs warm ammoniacal 
AgNOa. Its aqueous solution is turned red by 
Fe.,Cl« (llerzfuld, D. 17, 901). 

Salts.— KA'. — Ba A'., aq. — PbA'j. 

Amide. - CJIaMciNHJSO.NHj, [164°]. 
From C,H3MefN02).S02NH2 [18G°] by reducing 
with NH.„ and I1.,S (HeUter, A. 221, 209). Salt : 
C,H3Me(NH3Cl)SO.,NIL; converted by cone. IICl 
and nitrous acid into C^HaMeChSOaNIIo [138°]. 

|7-Amido-tolueue sulphonic acid 
C,B3Me(NH.,)S03lI [1:4:3] . S. 10. 

Preparation. — 1. By sulphonating jp-tolui- 
diue at 180° ; the preceding acid is also formed, 
especially if the operation is protracted (Pech- 
maun, A. 173, 195). - 2. By heating p-toluidino 
acid sulphate at 220°-240° (Nevile a. Winlher, 
C. J. 37, 032). 

Properties. —Yellowish crystals. Less soluble 
in cold water than the o-compound. 

Beactioyis.- 1. Bromme forms much di- 
bromo-toluidine, C„n2(CH3)(NH.JBrBr [1:4:3:.5], 
[73°] and also a bromo-toluidine sulphonic acid. 
2. Water oX 180° forms p-toluidine and H.SO,.— 
8 . Pota^h-fusimi gives p-oxy-benzoic acid. — 
4 . Nitrous ether gives m-toluene sulphonic acid. 

Salts. -Ba A'., 3aq.-PbA'..2aq. - AgA'.-The 
K salt is insol. in cold KOHAq (difference from 
preceding acid ; Schneider, Aw. 8, 274). 

Amido-toluene-o-Bulphonio aci^ 
C„H3Me(NH.J(S03H) [l:a;:2]. S. *34 at 22®. 
From the (1, 4, 2) acid by nitration, removal of 
NHj, and reduction (Pagel, A. 176, 305).— 
BaA'.221aq.— PbA'gaq. 

Amido -toluene sulphonic acid. Obtained by 
reducingAhe product of successive sulphonation 
and nitration of toluene ^Hayduck, A. 177, 67). — 
Minute crystals (containing aq).— BaA',. 

o-Amido-toluene di-sulphonic acid 
:aH.NSA U OAMe(NHJ(S03H), [1:2;8:5]. 


O^ToluidiM di-sulphonie add. Formed ftoni 
0,H,Me(NH,)SO,H [1:2:6] and fuming H,SO. by 
heating an hour at 160® (Nevile a. Winther, C, t. 
41, 421). Needles, grouped in stars ; sol. water 
and alcohol. 

Salts (H.Hasse, A. 230, 287).—BaA^^3aq.— 
BaH.,A"2 3.1aq. — K2A"2aq. — Na.A"6aq. — 
CaA''5aq.-PbA" 2aq.— PblLA'^Ciaq*. 

Reactions, — 1. By conversion into the 
diazo coynpound and oubscquently boiling with 
HNO3 it is converted into di-nitro-o-cresol 
C,H.,Mo(OH)(N 02)2[1:2:3:5].-2. At about 240® 
it splits up into SO3 and C,H,Me(NHJ(S03H> 
[1:2:5]. — 8. By CI.SO3H at 230° it is changed 
into an isomeric acid with a salt K,_jA" 6aq. 

o-Amido-toluene disulphonic acid 
C„H..Me(NIL.)(S03H)3 2ttq [l:2:4:a;]. Fromt 

C.,H3Me(NH,)(S03H) [1:2:4] and CISO^H at 170® 
(Saworowicz, B. 18, 2181). Minute prisms.. 
At 300° it decomposes into SOg and 
C,H3 Mc(NH,)S 03H [1:2:4]. SaltB.-BaA"2aq.— 
Ca A" 2aq. 

w-Amido-toluene disulphonic acid 
C„H,Me(NH,)(S03H)., [l:3:2:x]. By sulphona- 
tion of w-toiuidine (Lorenz, A. 172, 188). Easily 
splits up into SOg and the mono-sulphonio acid. 

Salts.-BaTl3A".,(?12,i) aq.-PbA" 2aq. 

p-Amido-toluene-disurphonic acid 
C,n3Me(NII.J(S03n)., [1:4:2:3]. From p-tolui- 
dine and fuming H2SO4 at 200° (Pechmann, A. 
173, 217). Nodules ; v. e. sol. water and alcohol. 

Salt.- BaA"3uq; larainte. 

p-Amido-toluene-disulphonio acid 
CJI,Me(NH..)(SO.,H)32.>q[l:l:2:.r]. Formedfrom 
CXMc(NH.j(S03H) [1:1:2] by CISO3H at 160® 
or fuming H3SO4 at 180® (L. Bichter, A. 230, 
331). Long silky needles, v. sol. water, sol. 
alcohol. At 290 it splits up into SO, and 
C,H3Me(NH3)(S03H) [1:4:2]. 

Salts. — BaA"aq. — BallA^gl^aq. — 
BaHgA''.^ 4aq.— K2A"2aq. ~PbA" l^aq. 

p-Amido-toluene-disnlphonic acid 
C,H..Me(NII ,)(SO.,II) .2aq [l:4:3:x]. Formed from 
C,iI>Ie(NHJ(B03H)* [1:4:3] and HgSO, or 
CIS63H (L. ‘Richter, A. 230, 314). Mass of 
minute needles (from water). With water at 140 
(or dry at 200°) it splits up into SO, and 
C,H3 Mc(NH,)(S 0,H) [1:4:3] . This acid is perhaps 
identical with that of Pechmann. 

Salt s. — Ba A" 3aq.— BaHgA''.^ 3aq. — K,A"2aq. 
-PbA".— PbA"2aq. 

Diazo derivative *C«H3Me(N3SO,)"SO,H. 
V. sol. water, insol. alcohol. KA'.— BaA',. — PbA',. 

Hydrazine derivative, — From the diazo 
acid by SnCl^. 

(C,H.,Me(N.,H,)(S03H)S03)2Ba2Jaq. ' 
Reduces HgO, ammoniacal AgNO,, Fe,01, and 
Fobling solution. 

Amido -toluei^e di-snlphonic acid 
C,H.ANH.,)Me(S03H)2(?2)aq. Fromp-bromo-toltt- 
ene disulphonic acid by nitration, and reduction, 
of the resulting nitro-toluene disulphonic acidi* 
(Kornatzki, A. 221, 198). 

Di-amido-toluene ca;o-Bulphonio acid 0 
C-HjoNgSO, i.e. C,H3(NH,)3Ctt3SO,H. Di-ainido- 
bcnzyl-sulphonic-acid. Formed by reducing: 
C,H3(N0.,).,CH,S03H with NH, and H,S (Mohr,. 
A. 221, 226). Silky needles. 

Di-amido-toluene sulphonic acid 
C,H,Mc(Naj2S03H [1;2:4:6]. Formed from 
C,H;Me(NOj(NHJSO,H and SnCl, (Foth, A. 
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S80, 609). Small brownish prismSi rhombohedra 
^from water). Salt s.>~HA'H01 aq : prisms, die- 
•composed by boiling water. —HA'HBraq.-^* 
BaA',6iaq.-KA'aq. 

o-AMIDO - TOLUENE - THIO - SUIFHONIC 

ACID 0 ANS,02 U. C,HsMe(NH,)SO,SH [1:2:4]. 
From C«H,(N0.JM6S0^G1 and ammonio sulphide 
(Limpricht a. Paysan, A. 221, 360). P’our-sided 
prisms. Decomposes without melting at 116°. 
SI. sol. cold water, insol. rfoohol. Warmed with 
HGl forms S and toluene sulpbamine. Salt. — 
AgA'. 

27-Amido>toluene thio-sulphonic acid 
C«H,(NH,)Me.SO,SH [1:4:6]. Formed from 
‘C<iHa(N02)MeS0Xl [44°] and ammonic sul- 
phide (Limpricht a. Heffter, ^.221, 345). Hard 
yellowish prisms (from water). Decomposed at 
120° without melting. Insol. alcohol or ether, 
cl. sol. water. Decomposed by HCl with deposi- 
tion of S and formation of C«H3(NH2)MeS02H. 

Salts: BaA'jj2aq.— AgA'. 

Di-amido-toluene thiosulphonio acid 
'C,H,„N2S202i.c.C«H,,(CH3)(NIL)2.S0,SII. [152°]. 

Formation. — 1. By reduction of di-nitro- 
toluene-sulphonic chloride with NH,IIS.— 2. By 
reduction of di-nitro-toluene sulphinic acid with 
NH^HS. Small silky prisms. V. si. sol. water, 
insol. alcohol and ether. 

Salts.— A'Ag: white insol. pp. -A'Na: largo 
tables— A'aPb : easily soluble (Perl, B. 18, 67). 

AMIDO-TOIUIC ACIDS C^H^NO.;. Amido- 
toluylic acids. 

(a)-amido-o-toluio acid G„II,Me(NH2)C02H 
(1:4:2J. [196°]. Formed by reducing (a)-nitro- 
o-toluic acid (Jacobsen, B. 17, 164). Small 
prisms, v. sol. hot alcohol, and hot water, si. sol. 
cold water. Converted by nitrous acid into 
oxy-toluic acid [172°]. 

(i9)-amido-o-toluic acid C8H.,Me(NH,jC02H 
[1:6:2] [191°]. Formed by reducing {)3).nitro- 
-o-toluic-acid (Jacobsen, B. 16, 1969; 17, 164). 
Small needles, v. sol. cold water. Converted by 
nitrous acid into oxy-toluic acid [183°]. 

(7).amido-o-toluio acid CgH3Mc(NH2)C02H 
[1:6:2]. [163°] (Hoenig, B. 18, 3449); [c. 
166°] (J.). 

Formation.— !. By reducing (7)-nitro-o- 
toluic acid.— 2. By heating nitro-phthalide [141°] 
with HI and P at 205°. Colourless needles; 
may be sublimed, but at 200° it splits off CO^ 
forming w-toluidine. V. sol. hot alcohol, m. 
flol. hot water and ether, si. sol, chloroform, 
benzene, and cold water. Nitrous acid produces 
-oxy-toluic acid [179°]. 

Salts: HA'HCl : slender needles. — “CuA'a. 
— HA'HjP 04: plates. 

Axnido-w-toluic acid CBH3Me(NH2)C02H 
[1:4:3] or [1:4:5]. 

I Ftt\^tion. — 1. The hydrqp3hloride is ob- 
tained by warming mcthyl-isatoic acid with 
HClAq (Panaotovid, /. pr. [2] 33, 61).— 2. The 
same acid is got from m-toluic acid by nitration 
and reduction (Jacobsen, B. 14, 2364 ; compare 
Pana^tovid, loc. cit.). 

Properties. — Trimetric, thread-like rods (from 
•water). SI. sol. water, v. sol. alcohol and ether. 
:Salt; HA'HCl. [207°]. Colourless trimetrio 
iprisms ; m. sol. water and alcohol, si. sol. ether. 

Methyl C3H3Me(NH2)C02Me. [62°]. 
f^m mcthyl-isatoic acid and MeOH at 180°. 
^lender columns; si. sol. water. 


Aw4<laOAMe(NH3)CO.NH^ [178°J. From 
methyl-isatoio acid and NH,Aq. Small columns 
(from water) ; y. sol. alcohol. 

Anilide 03H,Me(NH2)CONPhH. [240°]. 
Pearly tablets (from alcohol) ; v. ri. sol water. 

PhenyUiydrazide C3H3Me(NH.).CO.N3H2Ph. 
[198°]. From methyl-isatoio acid' and phenyl- 
hydrazine. Pearly crystals (from alcohol) ; v. 
si. sol. water. Forms a violet solution with 
cone. H2SO4. 

C8)-Amido-toliiicacidC3H3(CH3)(NH2)(C02H) 
[1:2:3]. [132°]. Obtained by nitration and 

reduction of w-toluic acid (Jacobsen, B. 14, 
2354 ; compare Panaotovic, J. pr. [2] 33, 61). 
Small flat prisms ; m. sol. water. 

Amido-m-toluic acid. Benzoyl deriva- 
tive C«H3(NHBz)MeC02H [6 orG:l:3]. Formed 
by oxidation of benzoyl iso-cymidino (Kelbe a. 
Warth, A. 221, 168). Small yellowish needles 
(from alcohol). 

DI-AMIDO-DITOLYL C,4H,3Na. 

Di-amido-ditolyl 

[4:3:1] (NH2)MeC,H3.C3H3Me(NH2) [1:3:4]. 0- 
Tolidine. [112°J. 

Formation. — 1. By passing CI2O into an 
ethereal solution of o-hydrazotoluene (Petrieff, 
B. 6, 657). — 2. By heating o-hydrazo-toluene 
(Petrieff, B. 6, 567). — 3. By heating o-hydrazo- 
toluene with HCl (Schultz, B. 17, 467).-4. By 
warming an alcoholic solution of o-azo-toluene 
with SnCl2 and HCl (S.). 

Pearly plates ; v. sol. alcohol and ether, si. 
sol. water. Converted by diazo reaction into m- 
ditolyl. Converted by boiling its diazo-perbro- 
midewith alcohol, into a di-bromo-ditolyl, which 
oxidises to bromo-?n*toluic acid [1:2:4], [206°]. 
Salts. — The sulphate and hydrochloride are 
sparingly soluble in water. • 

Acetyl derivative C,8lJuMe2(NAcH),. 
[316° cor.] 

Di-amido-ditolyl. m-Tolidine. 

The sulphate, B"H2S04, separates slowly 
when a few drops of H2SO4 are added to an 
alcoholic solution of /n-hydrazotoluene (Gold- 
schmidt, B. 11, 1626). The free base has a low 
melting-point. Gives a blue colour witli Fe2Cl5. 

‘Di-amido-ditolyl.’ [107°J. Formed by the 
action of SOj or of SnCl.^ and HCl upon an 
alcoholic solution of p-azo-toluene (Melms, B, 
3, 654 ; Schultz, B. 17, 472). Silvery plates. 
Gives a blue colour with FcjCI^. Fischer (B. 
25, 1019) has shown this body to be tolylene- 
tolyl-diaraine. 

Di-amido-zi-ditolyl 

[4:3:1]. (NH,,)MeC,H,.C3n,Me(NH2) [1:2:4] ? 

o-m-Tolidine. Formed by the action of 
SnClj and HGl on an alcoholic solution of 
o-w-azo-toluene. By diazotisation in alcoholic 
solution it is converted into a ditolyl of boiling 
point 270° which on oxidation gives isophtholio 
acid. * 

Salts . — B"H2Cl3 : easily soluble silky needles. 
— B"H2S04’‘ : very sparingly soluble plates 
(Schultz, B. 17, 471). 

AMIDO-TOLYL-BENZAMIDINE CuH.jN, U, 
NH2.C3H,Me.NH.C(NH).C3H3 [212°]. From ben- 
zonitrile and (1:2,4) -tolylene-diamine hydro- 
chloride (Bernthsen a Trompetter, B.€l, 1768), 
While ne^les. — B'HCl ; prismatic tables. 

AMIDO-TOLYL-ISO-BUTANE C„H,^ t.4. 

[1:5:2]. (248°). From 0. 
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U^uidine and isobniyl alcohol (Effront» B. 17» 
2820). Salts.~B'HCl.-B'HBr.~-B'ASO^— 

bwa. 

Acetyl derivative [162®]. Plates. 
Benzoyl derivative [168°]. Needles. 
Amido-tolyl.isobutane CeTl3Me(C^H9)NH, 
[1:8:2]. (244°). From o-toluidine, isobutyl alco- 
hol, and ZnClj (Erhardt, B. 17, 419 ; Effront, 
B. 17, 2340). Formyl derivative [105°]. 
Acetyl derivative [142°]. 
o-AMIDO-TOLYL-ETHANE C„H,3N i.e. 
0«H3®^®(NHo)Et (230°). Mcthyl-ethyl-'phenyl- 
amine. Amido-ethyl-toluenc. From o-toluidine, 
alcohol, and ZnCl^ at 270° (Benz, B. 15, 1650). 
Salt s.— B',H,S04.- B'^H AO4. 

Acetyl derivative [106°]. (314°). 

BI ■ AMIDO ■ DI - TOLTL - ETHYLENE DIA- 
MINE V. DI-TOLYLENE-ETHYLENE-XliTKA-AMINE. 

AMIDO - TOLYL MEECAPTANS 

Amido-thiO’Cresols. Amido-tolyl sulphydrale. 
Prepared by reducing the chlorides of the cor- 
responding nitro-toluene sulphonio acids (Hess, 
B. 14, 488). 

Amido-o-tolyl mercaptan CA^1®(NH2).SH 
[1:4:2]. [42°]. Sol. alcohol, ether, alkalis, 

and acids ; oxidised by air. 

Salt. — B'lICl : prisms or tables. 

Acetyl derivative [195°]: slender needles; 
insol. HCl. 

Amide -m-tolyl mercaptan C„H3Me(NH2)SH 
[1:4:3]. Oil ; oxidised in air gives with HgCl.^ a 
white crystalline pp.; with Pb(OAc).2 a yellow 
amorphous pp. Gives anhydro compounds with 
formic acid, acetic anhydride, and benzoyl 
chloride. 

Amido-p-tolyl mercaptan CuH3Me(NH2)SH 
*[1:2:4]. Oil. Oxidised by air to the disulphide. 
Salt. — B'HCl : short needles. 

Acetyl derivative [240°], 

Amido-tolyl mercaptan C3ll3Me(NH2)SH 
[1:2: ?] From o-nitro-toluene sulphochlorido 
[36°]. Oil. 

Salt. — B'HClaq: six-sided tables. Gives 
with Fe^CIfl a pp. of the disulphide. HgCl, 
gives glistening plates, and alkaline lead acetate 
gives a yellow pp. 

AMIDO-TOLYL METHYL KETONE C,H„NO 
i.e. [1:2:5] C3H3(CH3)(NH2).CO.CIL, [102°], 
(280°-284°). Prepared by lieating a mixture 
of o-toluidino (1 pt.), ZnCl., (2 pts.), and acetic 
anhydride (3 or 4 pts.), for 8 or 9 lionrs (Klingel, 

B. 18, 2696). Flat white needles. V. sol. 
alcohol, ether, and hot water, v. si. sol. benzene 
and petroleum-ether. Salts. — B'HCl : flat 
white soluble prisms.— B'-^HaClaPtCl, : yellow 
needles, v. sol. alcohol, si. sol. hot water, in- 
soluble ether. —B'^HoSO^ : white needles. 

Acetyl derivative 

C„H3Me(CO.Me)(NHAc), [144°] ; white crystals; 
V. soi. alcohol and warm water. 

AMIDO-TOLYL-(aa).WMETHTft,-PTRROL 

C, NH,Me,C.H,NHr [73“]. (3'22<’). Obtained 
by heating its dicarboxylic acid {v. infra). 

m - AMIDO - TOLYL - (aa) - DI-METHYL-PYR- 
BOL (^j3)-DICARB0XYLIC ACID i.e. 

C4NMe2(C,H.NH2)(C02H)2.^ From w-tolylene 
diamin% and diacetyl-succinic ethdl: (Knorr, A. 
236, 813). Yellow plates (containing 2aq). At 
203° it gives CO, and »H-amido-tolyl-(aa) -di- 
methyl-pyrrol. Ether EtjA" [134°]. 


m 

AMIDO-TOLYL-OOTANB <.e. 

CgH,Me(Niy [325°]. From n-octyl alco- 
hol, o-toluidine, and ZnCl, at 280° (Beran, B. 18, 
145). Salt s.— B'HCI.^B'ASO,.- B'jHAO,. 
Acetyl derivative [81°]. 
DI-AMIDO-DI-TOLYL-OXAMIDE v. OxaVyU 

DI-ToL YLENE -TETRA- AM I N E . 

AMIDO-TOLYL SDLPHYDRATE v. Amno. 

TOLYL MERCAPTAN. 

DI-AMIDO-DI-TOIYL SULPHIDE 

ChH^^N^S i.e. AHsMeNHJ.S [1:4:2], Tim- 
toluidine. [103°]. Prepared by heating jp-tolu- 
idine, sulphur, and litharge together at 150° 
(Merz a. Weith, B. 4, 393). Lamines (from alco- 
hol) ; si. sol. water. 

Salts .—Decomposed by water. — B" 2HC1 sU 
sol. cone. HClAq. B"H,.rtCl«.— B"H„804.— 
B"H,SO,2aq. - B"iyir,. - B"H,l,. — 
B"(CA(1^G2);,0H)2 [179°] : silky yellow needlea 
(from benzene) ; v. si. sol. ether and cold water. 
Diacetyl derivative [211°]. 

Dibemoyl derivative [186°] (Truhlar,J5. 
20, 664). 

Di-amido-di-;7-tolyl sulphide I'-carboxylio 
ether S(CeH3iMe.NH.C02Et),. Thio-p-tolyl 
urethane [113°]. From the preceding and 
ClC02Et. Crystals; v. sol. alcohol, ether, and 
benzene (T.). 

AMIDO-TOLYL-UEEA C^H.iNsO i.e. 
NH2.CO.NH.C3H3Me.NH2. Formed, in small 
quantity, by the action of tolylene diamine 
sulphate on potassium oyanate (Strauss, A- 
148, 159). V. sol. alcohol. 

Di-amido-di-p-tolyl-urea CO(NH.C,H3.N]^)3. 
Formed by reducing the corresponding nitro- 
compound fA. G. Perkin, C. J. 37, 700). Minute 
satiny needles ; si. sol. alcohol. — B" 2HC1. 

AMIDO-TYROSINE C^H.jN.p, i.e. 
C„H3(0H)(NH2).C2H3(NH2).C02H. From nitro- 
tyrosine (Beyer, Bl. 1867, ii. 369). Crystalline 
powder ; v. sol. water, si. sol. alcohol. 

Salts .— B"nXl2aq.— B'^H^SO,.— B"2H2S04. 
— (B"H2S0^).ZnS04. 

AMIDO-UEAMIDO-BENZOIC ACIDS 
C^H^N^Og ix. NH2.C0.NH.C,H3(NH2).C02H. 
Prepared by reducing the two nitro-uramido- 
benzoic acids (Griess, B. 5, 195). 

(a).Acid. Plates ; si. sol. water, v. si. sol. 
alcohol. Salts. — HA'HCl. — AgA'. 

f^l8)-Acid. Plates ; m. sol. hot water. Forms 
no nydrochlorido. Boiling aqueous baryta or 
HCl forms NH, and amido-oarboxamido- 
benzoic acid, of which the barium salt, 
Ba(C8H5N.,0.,),.4aq crystallises in needles. 

(o) - AMIDO - UVITIC ACID CJl^NO* i.e. 
C3H2(NH.,)(CH3)(C02H)2[2:1:3:5] (?). Colourless 
solid, si. sol. water. Prepared by reduction of 
(a)-nitro-uvitic acid (Bottinger, B. 13, 193 3). 

(j3)-Amido-u^'itic acid [0. 255°] (!bbibfB^r, 
B. 9, 807). 

AMIDO-VALERIC ACIDS CjHnNOj. 
a-Amido-n-valerio acid 
CH3.CH2.Cn2.CH(NH.2).C02H. 

Formation. — 1. From 7i-butyric alfchyde- 
ammonia and aqueous HCN (Lipp, A. 211, 859). 
2. From its benzoyl derivative which occurs 
among the products of oxidation of benzoyl- 
coniine (Baum, B. 19, 606).— 3. From bromo- 
valeric acid and NHgAq at 130° (Juslin, Bl. [2] 
87, 3). 
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ftioohol, insol* ether; may be 
•ubluned. Has a sweet taste. Is optically in- 
aotiTo* Neutral to litmus. 

Salts* — HA^OI : needles or groups of 
prims; only deliquescent in very moist air. 
-HA'HNO,. ~ (HA'HCl),PtCl,. - CuA',: small 
bine plates, si. sol. water, insol. alcohol.— AgA' : 
Brystalline pp., si. sol. water. 

7.Amido-valeric acid 

DH,.CH(NIIJ.CII,.CHo.cdoH. [193® uncorr.]. 
Obtained by reduction of the phenyl-hydrazide 
of jS-aceto-propionic acid — 
CH3.C(N2HP1 i).CH.j.CHo.COoH in alcoholic solu- 
tion with sodium amalgam and acetic acid (Tafel. 
JB. 19,2415; 20,249). White plates. V. sol. water, 
nearly insol. alcohol, insol. benzene and ether. 
On heating it splits off n,,0 and the anhydride 
distils. The hydrochloride forms glistenin 
plates, easily soluble in alcohol. 

NH 

Anhydride _ Oxy. 




CH,.CH.CH.,.CH..CO. 
methyl-pyrrol di-hydride. (248^ i.V') at 743 mm. 
colourless liquid which solidifies in a freezing 
mixture. V. sol. water, alcohol, ether, and ben- 
zene. Its nitrosaiiiine is a yellow oil. 

a-Amido-iso-valeric acid 
(CH3),,CH.CII(\iI,).CO,II. 

Fonnution. — 1. From Nllg and a-bromo-iso- 
v^aleric acid (Cahours, A. Suppl. 2, 83 ; Fittig a. 
Clark, A. 139, 199 ; Schmidt a. Sachtleben, A, 
193, 105) or o-chloro-iso-valcric acid (Schle- 
32G).-2. From its nitrile (Lipp, 
A. 205, 18 ; i?. 13, 905;. 

, Froperties, ^ Colourless lamina, composed of 
minute monoclinic prisms ; v. sol. water, v. si. 
sol. cold alcohol or ether. Neutral. May be 
sublimed. 

Salts. — HA'HCl: large tables, not deli- 
quescent in moist air. — HA'IINOj. — CuA'^: 
scales, si. sol. hot water. — AgA' : spherical 
groups of crystals, v. si. sol. water. 

Amide Me 2 CH.CH(NH.J.CO.Nn 2 . The hy- 
drochloride, got by action of fuming HCl on 
the nitrile, forms monoclinic plates, v. sol. water 
-(B'HCl) 2 PtCl,: prisms. 

Nitrile Me 2 CH.CH(NH 2 ).CN. From iso- 
fcutpic aldehyde - ammonia and HCN (L.). 
.Yellow oil; m. sol. water, v. sol. alcohol and 
ether; gradually changes to imido-di-valero- 

nitrile, NH(CfI:Fr.CN).,, giving off NIL. Salts. 

B'HCl : insol. ether.— (B'HCll^PtCJ,. 

jS-Amido-iso-valeric acid 
(0H,)2C(NH2).CH2.C02Haq [c. 215®]. 

^ Fonnation.—l. Among theproducts of oxida- 
tion of the sulphate of diacetonamine (Heintz, 
A. 198, 61).- 2. By reduction of ;8-nitro-iso- 
▼i Jenp aci d (Bredt, B. 16, 2321). 

jrVdP^rties. - Crystalline pov^der; begins to 
sublime at 180®. V. e. sol. water, si. sol. alcohol, 
insol. ether. 

Salts.— HA'HClaq : needles, [o. 120®]. 

crystals.— 

AgA .•^(AgA')MAgN03aq. 

^do-valeric acid CACNHJO.,. Found 
in the radicles of the sprouting lupin seeds. It 
occurs along with amido-phenyl-propionio acid, 
from which it may be separated by virtue of the 
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greater solubihty of its copper salt (Schulze a. 
varbien, J. pr. [2] 27, 362). ' 


, platee, resemblinfl 

leuo^e (from ticohol). When heated, a vroollj 
substance sublimes .out of it. Gives no pp 
with cupric hydrate or acetate (dififerenoe from 
leucine). Salt HA'HCl : deliquescent prisms. 

^ Cemshtutwn. — Probably identical with 
Jjipp s a- amido-n- valeric acid (A. 211, 354). 

Amido-valeric acid. Occurs in the pancreas 
of oxen (Gorup-Besanez, A. 98, 16). Prisms; 
V. Bl. sol. alcohol (difference from leucine). The 
hydrochloride forma slender deliquescent 
needles. An amido-valerio acid was found by 
Schutzenberger (A. Ch. [5] 16, 283) among the 
products of the decomposition of albumen bv 
baryta-waler. ^ 

AMIDO-VEEATRIO ACID v. di-meihul-di. 

OXY-AMIDO-BUNZOIC ACID. 

AMIBOXIMS. Oxy-amidincs. Oxy-imid- 
%amides. The oxims of amides, the general 
formula being Il.C(NOH).NH 2 . 

I onnation. — 1. Py action of hydroxylamine 
uponnitriles: R.CN + N(OH)H 2 = RC{NOH).NH 2 . 
2. By heating the thio-amides with alcoholic 
solution of hydroxylamine (Tiemann,B. 19, 1668)* 
R.CS.NH 2 + IL.NOII = ll.C(NOn).NIT2 + H 2 S. 

Properties.— The amidoxims combine with 
acids ; tliey also contain hydrogen displaceable 
by metals. The acid salts of the alkaline 
metals, IiC(NOK).NH 2 ,liC(NOH).NH 2 crystallise 
well. The stability is increased by the presence 
of clcctro-negative substituents; thus, nitro- 
benz-amidoxim can be reduced to amido-benz- 
amidoxim without destruction of the amidoxim 
group. 

Ether s.-U.Ci^Eiymi,. These arc formed 
by the action of iodide of ethyl (or of otheralkyls) 
upon the alkaline salts, such as R.C(NOK).NIf,. 
They arc bases. 

Bcaclions.-—!,^ Split up by treatment with 
acids or alkalis into NH^, hydroxylamine, and 
the correspondingacid : R.C(NOH).NH.. + 2H,0 =. 
K.CO.OH + H 2 NOII + NH.,. This reaction takes 
place most readily with methenyJ-amidoxim 
(isuretine) and ethenyl-amidoxim, while bcnzenyl- 
amidoxim requires long boiling with IICI before 
it IS decomposed. In this saponification of 
amidoxims the amide seems to be first formed • 
B.C(NOH).NH., + H 2 O = B.CO.NH 2 + H 2 NOH.- 2 . 
The hydrochlorides are converted by sodium ?tt- 
trite into amides : R.C(NOII).Nn 2 HCl + NaNO,- 
R.CO.NH 2 + NaCl + N 2 O + H. 2 O.- 3. They com- 
bine with phenyl cyanate forming bodies called 
uramidoxims; e.g.i Ph.C(NOH).NH 2 -f-PhNCO« 

Ph C(NOH).NH.CO.NnPh.-4. Chlorides of acid 
ra^cles, R'.CO.CJ, form alkoyl derivatives, 
R.ClN.O.CO.R').NH 2 , which can split off water 
forming azoxims E.C<^^'^^CR. These 

azoxims, although of high boiling point, are 
extremely volatile in the vapour of other 
liquids, even ether.— 6. Dibasic organic 
anhydrides give rise to carboxylic acids of 
azoxims, e.g.: E'.C(NOH).NH 2 -hE"<^> 0 - 


+ HjO.— 6. Chloroformic 
composition 

E.C(NH.2):N?0.C02Ft. — 7. Carbonyl • chloride 
gives carbonyl-di-oxima, (R.C(NH 2 ):N.O) 2 CO.— 
8. Chloral forme crystalline addition-produota. 
He/orcnce#,— Tiemann, B, 18, 1060, 9466r 
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1475. TIm' Amidoxlmi am desoril^ed m 
^otauMmoxatt ExHBKYL-AMiooxnf, Hbioauid. 
OZIM, BsNZAMIDOZIU, CxNNXlflDOXlK, TOLUAMID- 
ozitf, Bbnzamidoxim cabboxylzo aoid, Nztbo-benz> 

AMXDOXltf, &0. 

AMIDO-XYLENE v. Xylidine. 

J?a;o-Amido-xyleiie Cn3.C„H^.CH^.NH2 [1:3?]. 
(196°). From CHj.C^H^.CIIaCl and alcoholic 
NH, (Pieper, A. 151, 120). Oil. Salts.— 
B'HCl [185°].— B',H,PtCla. 

Exo - Amido -p - xylene CHa.CsH^.CH^.NH.^ 
[1:4]. From CHs.C^H^.CS.NH., tin, and* HCl 
(Paterno a. Spica, B. 8, 441). 

di-Amido-xylene v. Xylylkne diamine. 

tri-Amido-xylene ChHjjNj i.e. C,jHMe2(NII,)3 
[1:3:4:6:2]. Formed by reducing tri-nitro-m-xylene 
[177°] (Greying, B. 17, 2427). White noodles 
which may be sublimed. 

AMIDO-XYLENE-SULPHONIC ACID 

OgH.iNSOa. 

Amt do-xylene snlphonio acid 
C,H,(NH,)Mc 2S03H [4:1:3:6]. S. -276 at 0°; 
•735 at 100°. From (l,3,4)-xyli(lino and H^SO^ 
or from nitro-wi-xylene sulphonio aoid (Jacob- 
son a. Leddcrboge, B. 1C, 193). Salts. — NaA'aq 
and KA'aq form large trimetrio tables. — BaA^aq : 
miuute noodles, v. sol. water.— BaA'^'Jaq (Sartig, 
A. 230, 334; Nolting a. Koliri, B, 19, 137). 
Diazo compound OJIaMo^N.SOj : plates. 

Amido-p-xylene sulphonic acid 
0,H2Me.,(Nri.,)(S03H) [1:4:6:2]. From p-xylone 
sulphonic acid by nitration and reduction (Nol- 
ting a. Kohn, B. 19, 143). Needles (with aq) : 
si. sol. cold water. Its salts arc easily soluble. 
Does not give xyloquinono on oxidation. 

Amido-p-xyleno sulphonic acid 
0,H2Me.,(NH2)S03H [1:4:2:5]. From amido-p- 
xylene and fum^g H2SO4 or by heating its acid 
sulphate at 230°. Ileadily oxidised by CrOg to 
xyloquiuone. Salts.'-NaA': plates, v. sol. 
water.— BaA'27aq (Nolting, B. 18, 2004 ; 19, 141). 

Di-amido-xylene sulphonic acid 
O.HMo 2(NH2)2S03H [1:3:G:?:4]. From nitro- 
xylidiiie sulphonic acid and ammonium sulphide : 
(Limpricht, B. 18, 2190; Sartig, A. 230,31.3). ! 
Fawn-coloured prisms, si. sol. water, insol. alco- 
hol. FoaClu colours the solution wine-red. Salts: 
Ba A'., 3 .^aq.— K A' aq.- Pb A^ -H A'llOl aq. 

AMIDO-w-XYLENOL 0„H„NO i.e. 
0,H2Me2(NH2)(OII) [l:3:a::7/]. [161°]. Got by 

reducing nitro-xylenol (Pfaff, B. 16, 1137). White 
glistening crystals. Salt: B'HCl; plates. 

Amido-p-xylenol C„H2(CH3).,(NH2)(OH) 
[1:4:3:6]. [242°]. White scales. Formed by 
reduction of nitroso-p-xylenol (phlorone-oxim) 
with tin and HCl (Goldschmidt a. Schmid, B. 
18, 570 ; Sutkowski, B. 20, 979). CrO, oxidises 
it nearly quantitatively to phlorone. 

Salt: B'HCl: white crystals. 

AMINES. An amino is a body obtained by 
displacing hydrogen in ammonia by one or more 
alcohol radicles. They may be divided into 
mono-, di-, tri-, and tetra- amines according as 
it is considered that their molecule is derived 
from one, two, three, or four molecules of 
ammonia. Monamines are spoken of as primary, 
secondary, or tertiary, according as one, two, or 
thrAfl of the atoms of hydrogen in thf molecule 
of ammoma is held to have been displaced by 
one or more alkyls. If part of the hydrogen 
iMkS been displaced by an acid radicle (alkoyl) 


and part 1^ an alcoholic radicle (alkyl) the 
product may be viewed either as an amide or as 
. an amine, ^us NMeAcH may be called methyl- 
acetamide or acetyl-methylamine. In this 
dictionary the latter name will be used, such 
derivatives being described under the aminos 
from which they may be hold to bo derived. 
Fatty amines are amines in which the nitro- 
! gen is attached to carbon that docs not form 
j part of a ring; aroin;;tic aminos are bases in 
j which the nitrogpn is attached to carbon in a 
^ benzene nucleus. In addition to these there are 
I amines, such as pyridine and quinoline, in which 
i the nitrogen itself forms part of a ring, and also 
j others in which the nitrogen is united to carbon 
' in rings other than that peculiar to benzene. 

Formation. — 1. By the action of ammonia 
on the ethers of inorganic acids. The iodides, 
bromides, and chlorides of fatty, but not of 
aromatic, alkyls, combine witli ammonia and 
with the amines (Hofmann, T. 1850, i. 93; 
1851, ii. 357): 

NH3-^ElI = NEl^,I 
NEtllj-f-Etl-NELH.,! 

NEt2lI + EtI = NEt.;UI 
NEt3-}EtI = NEt,I. 

The fatty alkyl iodides also act upon the 
hydriodidca of the amines, in presence of 
ammonia : 

NH3 -i- NEtH^I + EtT - NEt ,H,I + NHJ 

NH, NEt JIJ + EtI - NEt jll + NHJ 
NH, + NEt3HI + EtI = NEt ,I + NH,I. 

It is therefore impossible to prepare a pure 
base by this method; methyl iodide gives 
chiefly NMoJ, while ethyl iodide gives chiefly 
NEtHal, but in the case of primary iodides, 
whatever proportions are taken, the entire series 
of salts is formed. Isobutyl iodide does not 
form the quaternary iodide, secondary butyl 
iodide forms hardly any tri-butylamine,l)ut only 
mono- and di-butylamine, while tertiary butyl 
iodide is split up by NH, into isobutylene and 
HI. NEtj at 100° splits up isopropyl iodide and 
tertiary butyl iodide forming NEt, III and olefine 
(Hofmann, B. 7, 513 ; Eeboul, G. B. 93, 69). 
Secondary propyl, hexyl, and octyl iodides form 
only mono amines when heated with ammonia 
(Jahn, M. 3, 165). In the action of alkyl chlo- 
rides upon aqueous Nil,, the h igher tlie molecular 
weiglit, the less primary amine is formed (Mal- 
bot, C. R. 104, 998). 

Ammonium iodide can be separated by its 
insolubility in alcohol. The compounds NBjHI, 
NR.3H.2I, and NRH3I are dccomposi^d by KOHAq 
with formation of KI and NR3, or NRH, 

respectively, while tetra-alkylatod ammonium 
iodides are not affected. The following method 
may be employed in the preparation of fatty 
amines (Hofmanq, B. 3, 776). The alkyl 
I ill, is heated with alcoholic Nil, at 100°; tne 
product is filtered from NH,I, evaporated, and 
distilled with potash. NR^I remains behind. 
The distillate, dried by means of solid KOH, is 
cooled and treated with oxalic ether whi^h is 
slowly added. The following reactions then 
occur : 

EtO.CO.CO.OEt + 2NBH, « 
HRN.CO.CO.NRH + 2HOEI 
EtO.CO.CO.OEt + NR.2H- 
EtO.CO.CO.NR,-i-HOEt. 

I Tha reaction is completed by heat, and the 
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tertiary baee, NBsi which does not react with 
oxalic ether, is distilled oft. The residue is well 
cooled and the solid di-alkyl oxamide separated 
from the liquid di-alkyl-oxamic ether bypressure. 
The latter is purified by washing with water. 
Boiling potash liberates the alkylamine from 
the di-alkyl oxamide and the di-alkyl-amine 
from the di-alkyl-oxamio ether. 

When the halogen is situated in a benzene 
nucleus ammonia oannq^. effect its displacement | 
by nmidogen unless other chjorous groups are 
also present in the nucleus. Thus o- and p- 
chloro-nitro-benzene (but not j?i-chloro-nitro- 
benzene) are converted into nitro-anilines by 
alcoholic NH;, at 100°. 

Primary monamines may be prepared by 
acting with KOII on the alkyl ammonium sul- 
phates (Morrison, Pr. E. 28, 093) : 

MeNH ,SO, -h 2KOII = K,SO^ + MeNH^ + 2H,0. 

2. By boiling alkyl cyanates with potash 
(Wurtz, G. R. 28, 223), thus: EtNC0 + H,0= | 
EtNHj + COj. The primary bases prepared by 
this reaction may be contaminated with secondary 
and tertiary bases. This occurs when the potas- 
sic cyanato used to prepare the alkyl cyanates 
contains cyanide (Silva, 6\ R. 64, 299). 

3. Similarly, from thiocarbimides and R^SO^ : 
EtNCS + H,0 - EtNH, -h COS. 

4. By the reduction of nitro compounds : 
BN0 j + 3H2=RNH2 + 2H20. This reaction is 
chiefly used in the aromatic series, inasmuch as 
it is easy to prepare nitro derivatives of com- 
pounds containing a benzene nucleus. 

The following reducing agents may be used: 

(a.) Alcoholic avunonium sulphide. The 
compound is dissolved in alcohol, saturated with 
NHj and R^S is then passed in. The solution | 
is boiled, filtered from S, acidified, and evaporated ; ! 
a salt of the base is then left : C JI5NO2 + 3H2S = 1 
C,H,NH2 ■¥ 2H2O + S3 (Zinin, A. 44, 283). This 
method is especially useful in reducing nitro- 
azo compounds which would give hydrazo C'^m- 
pounds if reduced in acid solution. 

Substances containing several nitroxyls 
usually have only one of them reduced when 
treated in this way. 

(6.) Zinc dust may bo used either alone, by j 
mixing the substance witli it and distilling, or ' 
it may be used in conjunction with water or 
aqueous potash : Zn + 2KOn = K^ZnO. + IL. 

(c.) Ferrous sulphate and aqueous ammonia 
are used in reducing unsaturated and unstable 
compounds. 

(d.) Arsenious acid and NaOHAq. 

(e.) An acid and a metal. For the acid, 
HClAq or HO Ac is used; for the metal, zinc, 
tin, or iron, is taken. Tin and HClAq gdve, as 
a rule, the best results. A mixture of zinc and 
t^is .as effective as pure tin,yfor the zinc pps. 
the tin as fast as it dissolves. The amount of 
acid used may sometimes bo very small ; thus, 
in the preparation of aniline, the action seems 
to be : 

4C„H,N02 + 4H2O + 9rc = 4C«H,NH2 + 3Fe A. 

(7.) Stannous Chloride. In reducing with 
SnCli and HCl the resulting SnCl4 sometimes 
chlorinates the product; thus o-nitro-toluene 
gives chloro-o-toluidine. The nitroxyls of poly- 
mtro derivatives may be reduced one by one by 
adding to their cold alcoholic solution the cal- 
culate quantity of SnCl^ dissolved in alcohol 


saturated with HCl In the case of dinitro-toluem 
0AMe(N02)2 [1;2;43 the nitroxyl in the 0 posi 
tion is first reduced, forming G0H3Me(NH2)(NOJ 
[1:2:4] ; whilst alcoholic ammonium sulphidie 
reduces the nitroxyl in the p position, forming 
, CR,Me(NO.,)(NH2) [1:2:4] (Anschutz a. Heusler, 
B. 19, 2161). 

I {g.) Eydric iodide solution, alone, or with 
addition of phosphorus. 

5. By the reduction of nitriles (Mendius^ 

A. 121, 229) : CH^CN + 2H2 = CHj.CHj.NHj. 

The reduction is effected by Zn and diluta 

H..SO, but it is slow, and a great deal of nitrile- 
is saponified : CH3.CN + 2H2O - CH3.CO3NH4. 

6. Primary bases are instantly formed when 
carbamines are treated with acids : 

CH3NC + 2H2O - CH3NH2 + HCOjH. 

7. By boiling bromo-amides with aqneonA 
NaOH. If bromine and potash be simultaneously 
supplied to an amide, a potassium bromo-amide^ 
X.CO.NKBr, is formed. If this compound be 
treated with silver carbonate, an alkyl cyanate itt 
produced: X.CO.NKBr = KBr + X.N.CO. 

When this cyanate is boiled with potash an 
alkylamine is formed (by Formation 2). The- 
two last stages may be performed simultaneously 
by boiling the potassium bromo-amide with 
aqueous NaOH. 

The operation is conducted as follows : 

Bromine is mixed with its equivalent of 
amide, and a 10 p.o. solution of potash is added 
till the colour of the bromine has nearly 
disappeared. 

X.CO.NH2 + Br3 + 2KHO» 

X.CO.NKBr + KBr + 2H20. 

Three equivalents of potash dissolved so as 
to form a 30 p.c. solution are now heated to 70° 
in a retort, and the first solution is added 
gradually through the tubulus. Finally the- 
whole is distilled, and the base collected in a 
receiver containing hydric chloride. A mixture 
of ammonium chloride and the hydro-chlorido 
I of the base is thus got ; they may be separated 
by alcohol, which does not dissolve the former 
(Hofmann, B. 15, 765). 

8. Amides can be converted into amines 
by heating with alcohols : thus acetamide 
and ethyl alcohol give ethylamine acetate 
CH3.CO.NH,, -I- HOEt = CH3.CO.ONEtH3, while 
ethyl-acetamide and ethyl alcohol give diethyl- 
amine acetate (Baubigny, 0. R. 95, 646). 

CH.,.CO.NEtH + HOEt = CILjCO.ONEt JI^. 

Sodium alcoholates act similarly (Seifert, B. 
18, 1355) : 

X.NH.CO.y + NaOB =- X.NH.B + NaO.CO.Y. 

9. From amido-acids by heating alone or with 
baryta : CeH4(NH2)C02H = C.HaNH^ + CO^. 

10. From alcohols or phenols by displacing 
hydroxyl by amidogen. Ethyl and methyl 
alcohols give a little ethyl- and methyl-amine 
when heated with NH,C1 at 300° (Weith, B. 8, 
459). Similarly, phenols produce small quanti- 
ties of amines when heated with NH, ; this re- 
action takes place very readily in the naphtha- 
lene and anthracene series. Ortho- and para-, 

I but not meta-, nitro-phenols are converted by 
' aqueous ammonia into nitranilines (Merz a. Biz, 

B. 19, l’W9). The reaction takes idace more 
readdy when the alcohols are heated at 260® 
with the compound ZnCljNH, or CaCljNHf 
(Merz a. Weith, B. 13, 1300 ; 14, 2343 ; Merz a. 
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17, 628 ; Mors Btxoh; B* 17, 
2084). Ammonia-siii6Kshlorido converts phenol 
into aniline; aniline-zino-chloride acting upon 
phenol gives di-phenylamino. 6-naphthol is 
converted by heating with NH, into naphthyl- 
amine, but by ammonia*zinc-chloride into di-|8- 
naphthyl-amine. Patty alcohols act differently 
upon aromatic bases in presence of ZnCl», the 
alkyl entering the nucleus; thus aniline-zinc- 
chlorido and alcohol produce amido-phcnyl- 
e thane : 

+ HOEt = C^n^EtNHa + n,0. 

11. By reduction of tlio phenyl-hydrazides 
of the aldehydes and ketones in alcoholic solu- 
tion by sodium-amalgam and acetic acid (Tafel, 
B. 19, 1921) : 

Iill'C:N JlPh + 2J1, = RR'CH.NH2 + PhNH^. 

12. By reduction of aldoxims and ketoxims 
in alcoholic solution by sodium amalgam and 
acetic acid (Goldschmidt, B. 19, 3232) : 

liR'C:NOH + 2H, RR'CH.NH, -f- H,0. 

13. From sulphonates by heating with sod- 
amide (Jackson a. Wing, B. 19, 902) : 

R.SO,K + NaNH^ = R.NII, + NaKSOg. 

Properties. — Most amines are volatile or can bo 
distilled alone or with the aid of steam. Primary 
bases in which amidogen is not united to carbon 
in a benzene nucleus turn red litmus paper blue 
and combine with carbonic acid ; aniline and its 
homologucs are neutral to litmus, and do not 
combine with carbonic acid. Ammonia pps. the 
aminos from cold aqueous solutions of their 
salts ; but at high temperatures the aminos expel 
Nil, from its salts. The relative saponifying 
power of amines has boon studied by Ostwald 
(J. pr. [2] 35, 112). If a mixture of aromatic 
bases is dissolved pi an excess of glacial acetic 
acid, and the solution is diluted with three times 
its volume of water and then boiled, the primary 
amines remain in solution while the acetates of 
secondary and tertiary amines arc decomposed 
and the bases are found on the filter (Jlichael, 
B. 19, 1391). To determine whether a given base 
is primary, secondary, or tertiary, it is heated 
with methyl iodide until a quaternary iodide is 
formed; this iodide is known by its stability 
towards potash. The original base and the am- 
monium iodide are both analysed. If the am- 
monium iodide differs in composition by con- 
taining CTT.,I more than the base, then the base 
was tertiary. If it differ by CJI-I, this shows 
that the original base was secondary, and had to 
exchange hydrogen for metiiyl before it could 
become tcrtiaiy. If the indido contains (1,11,1 
more than the base, then the latter was primary. 

Reactions 1, 2, 3, 4, 5, 0, 11, 12, 15, 20, 27, 28, 
may also be used to distinguish between primary, 
secondary, and tertiary bases. 

When a quaternary ammonium base is 
distilled, if it contains ethyl it splits up«thus : 

NRR'R"C,H,(OH) = NRR'R" f + H^O ; 
(Hofmann, 13. 14, 494). 

Quaternary ammonium chlorides containing 
methyl split off MeCl on distillation ; 

NRIVR"Me01 = NRR'R" + MeCl ; 

(Lessen, A. 181, 877). 

Reactions 8, 5, 6, 12, 13, 26, and 28, sSrve to 
distinguish o-diamines from w- and p- diamines. 

Eeactions.—l, If a primary base be boiled 
with dlcoholie potash and chloroform dis- 
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^Sting odour of tiie corresponding oarbammo 
will be noticed (Hofmann, B. 8, 767) ; 

EtNH, + OHCa, + 8KHO - EtNO + 3KC1 + SH^O. 
2. If a primary fatty base bo dissolved in 
alcohol mixed with an equal volume of CSj, and 
the liquid be boiled down to half its volume, a 
thiocarbamate will be formed : 

2RNH, + CS, = ItNlLCH.S.Nlin,. 

If the liquid be now boiled with a little aqueous 
mercuric or ferric chlorije a pungent odour of 
an alkyl mustard ^il (or tliiocarbimide) will 
be perceived, thus: RNH.CS.SNRHa + HgCl^- 
HgS + RNCS NRHaCl + HCl. In the aromatic 
series the product of the action of alcoholic CS« 
is usually athio-urca which requires to be treated 
with P.^0, in order to get the thiocarbimido (Hof- 
mann, B. 3, 7G8 ; 8, 107 ; Weith, B. 8, 4G1). 
Mesidine and amido-penta-mcthyl-benzene give 
thio-carbimides in addition to smaller quantities 
of the tbio-iireas (Hofmann, B. 18, 1827).— 3. 
Nitrous acid converts primary fatty amines into 
alcohols: RN IT, + HNO, = IlOH + N, ( H,0. It 
converts primary aromatic amines into diazo- 
compounds : RXII, -i- HNO, = RN,OII + 11,0. B 
converts all secondary bases into nitrosamines, 
which are neutral substances, volatile with 
steam : RR'NH + HNO, = RR'N.NO + H,0. It 
cannot act upon tertiary fatty bases, except 
with elimination of an alkyl. It converts most 
tertiary aromatic bases into nitroso derivatives, 
which still possess basic properties : 

C«H,NMc, + HNO., - C,iII.(NO)NMe, + H.,0. 

Aromatic nitrosamiues are converted into 
p-nitroso derivatives under the influence of 
acids. C,H,NMc(NO) - C,H,(NO).NMcn. By 
moans of the preceding reactions, nitrous acid 
may be used to separate secondary from primary 
and tertiary bases, for the nitrosamincs do not 
combine with acids, and may therefore be ex- 
tracted from tho acid solution by ether, or by 
distilling with steam : and on reduction they 
give the secondary base. If tho diazo com- 
pounds are boiled with water plienols are formed : 
RN,Cl + H.,0 = ROn + N.,-f IICl, while if they 
are boiled with alcoliol, tho amidogen is usually 
displaced by hydrogen; RNX1 + 
RH-fTlCl + C,H,0. Frequently, however, boil- 
ing with alcohol di.splaces amidogen by ethoxyl: 
C,Me.U.N,Cl + HOEt - C.lMe JI.OEt HCl + N, 
(Hofmann, B. 17, 1917). Amidogen may also 
be displaced by hydrogen by reducing the diazo 
compound to a hydrazine and boiling the latter 
with aqueous CuSO^ (Haller, B. 18, 90). In 
order to displace amidogen by chlorine we may 
distil the platinochlorido of the diazo derivative ; 
to displace amidogen by bromine wo may boil 
the perbromide of tho diazo derivative with 
alcohol ; to displace it by iodine wo may boil 
the diazo salt with luqueous HI or KI. These 
operations may be more conveniently performed 
by the method of Saiidnieyer {B. 17, 1633, 
2G50). This method consists in boiling the 
diazo compounds with cuprous chloride, bromide, 
iodide, or cyanide. • 

Examples. — (a) 4 g. 7n-nitro-aniline, 7 g. HCl 
(S.G. 1’17), 100 g. water, and 20 g. of a 10 p.c. 
solution of cuprous chloride in HClAq are heated 
to near boiling and 2*5 g. sodio nitrite dissolved 
in 20 g. water are slowly added, the mixture 
being well shaken. 4 g, pure »»-chloro-nitro- 
bonzono is obtained. 



m 




(Z>) 12'5 g. orystftUised ouprio sulphate, 86 g* 
KBr, 80 g water, 11 g. H^SO^ (S,0. 1*8), and 20 g. 
copper turnings are boiled until the dark colour 
has nearly disappeared. Aniline \9*3 g.) is now 
added, and the boiling liquid treated as before 
with NaNOa (7 g.) dissolved in water (40 g.). 
Bromo-benzenc passes over on subsequent dis- 
tillation. 

(c.) 25 g. crystallised CuSO^, 150 g. water 
and 28 g. KCN (96 f.c.) are dissolved in hot 
water. A solution of diazo'oenzene chloride is 
run in, this is prepared from 7 g. NaNO^ dissolved 
in 20 g. water added to a solution of 9'3 g. 
aniUne in 20-6 g. HCl (S.G. 1‘17) and 80 g. 
water. The yield of benzonitrile is 63 p.c. of 
the theoretical. 

In these reactions a double compound be- 
tween the cuprous salt and the diazo salt is 
perhaps an intermediate body. Such a double 
compound has been isolated in the case of 
8-naphthylamine, CioH^N.^BrCuoBr,^ (Lcllmann 
a. Bemy, B. 19, 810). Substitution of amidogen 
by halogens may also be effected by gradually 
adding UNO., to a hot solution of the amine in 
nCl, HBr, or HI (Losanitsch, 18, 39). 

Amidogen may be changed into SH by heat- 
ing the diazotised base with warm alcoholic 
potassium sulphide. By oxidising the resulting 
mercaptan with KMn 04 a sulphonic acid is got 
(Klason, J5. 20, 349). 

Nitrous acid serves to distinguish o-, 7?i-, and 
p- diamines {v. di-Azo-compounds). 

4. Benzoyl chloride acts on primary and 
secondary amines ; 

UNIT.. + BzCUBNBzH + HCl. 

BIVN H -»■ BzCl = KIl'NBz + HCl 


(Hofmann, B. 5, 716; Hallmann, B. 9, 816). 
Tertiary aromatic aminos heated with it at 200® 
may exchange alkyl for benzoyl : 

NPhEt, -H BzCl = NPhEtBz + EtCl 
(Hess, B, 18, 085). 

6. Acetyl chloride converts primary and 
secondary amines into acetyl derivatives. 

The di-alkylated tertiary aromatic amines 
readily allow one of the alkyl group.s to bo re- 
placed by acetyl when treated with acetyl bro- 
mide, the alkyl bromide formed converting 
another portion into quaternary ammonium 
bromide: 2 XNR 2 + AcBr = XNKAo-^XNll,Br. 

The reaction sets in spontaneously, and is 
completed on gentle warming (Staedel, B. 19, 
1947). 

Primary aromatic amines may be converted 
into acetyl derivatives by boiling not only with 
AcCl or Ac^O but oven with glacial HOAc. 

The alkoyl derivatives of 0 but not of m and 
p aromatic diamines give rise to anhydro com- 
pounds : 

(Hiibner, A. 208, 278). 

6. Aldehydes form products of condensation 
with amines. (Enanthol is recommended by 
bchiff (A. 159, 158) as a means of distinguishing 
between the different classes of amines. Primary 
amines require one equivalent of mnanthol; 

C,H„0 + PhNH^= PhN(C,H,4) + H,0, 
while secondary amines require only half 
much aldehyde : 


The I 


,*0 + 2Mc,NH - (Me 3 N),(C,H, 4 ) + H^O. 

3 is dissolved in benzene and a standard 


solatlon 01 omantnoi m pexurene is run, w m 
long as it produces further separation of drops 
of water. 

Tertiary aromatic amines can also condense 
with aldehydes : 2PhNBtj+ [1:2J 0,H4(NOJ.0HO 
= NO.,.C„H 4 .CH(C„H 4 NEt 2)2 + H^O. Aromatic 
amines heated with aldehydes and ZnCh give 
tri-substituted methanes (Fischer, B. 16, 676). 

In order to distinguish whether an aromatic 
diamine is an ortho compound, Ladenburg (J3. 
11, 600) heats its hydrochloride with benzoic 
aldehyde ; if the compound is ortho an aldehydine 
{q. o.) is formed and HCl is evolved, while no 
HCl is evolved in the case of m or p compounds. 

K"(NH..HCl)2+2rhCHO = 

R"(N,C.,H,Ph2)HCl + 211,0 + HCl. 

7. Bromine and aqueous potash convert 
primary amines into di-bromamines : 

MeNH, + 2Br2 + 2KOH = MeNBr, + ‘^KBr + 2H,0. 
Secondary amines, containing one divalent alkyl, 
behave similarly : 

CJl, .NH -H Br., + KOH = C^H^NBr + KBr + H^O 
but secondary amines containing two monovalent 
alkyls arc split up into an alkylene bromide and 
a primary alkylamine (Hofmann, B. 16, 559). 

The di-bromo-amincs containing hexvl and 
its higher hoinologucs are split up by aqueous 
NaOII into HBr and nitriles : 

C,H,,CII.,NBr,. + 2NaOH = 

C,H,5CNV2NaBr + 2H,0. 

Hence amides may be converted lirst into amines 
and then into nitriles by treatment with bromine 
and NaOIIAq, the first reaction being : 

C,H,.CIT.,.C0.NH2 + Br, + 4NnOH » 
C,H,.,Cil..NH, -h 2NaBr + Na.COg + 2n,0 
(Hofmann, B. 17, 1920). 

8. Sulphuric oxide combines with primary 
and secondary fatty amines, forming small 
quantities of sulphamic acids : 

NEt,H + SO, - NEt,.S0.,H. 

It also combines with tiutlary fatty amines : 

NEt, + SOj = EtjNc^^Q (Bcilstein a. Wiegand, 
B. 16, 1261). 

It combines with aromatic amines forming 
Bulphonic acids : 

c,,n5NH,+ so3=c„n4(so,H)Nn,. 

Aromatic amines may also be sulphonated by 
H.SOj and by CISOJI. 

9. Sulphuryl chloride acts upon secondary 
fatty amines thus, forming tetra-alkyl sulph- 
amides : SO, Cl, + 2 HNEt 2 = SO,(NEt,), + 2HC1. 
With the hydrochlorides of these bases the re- 
action stops half way: SO,Cl., + HCl.NHEtj» 
Cl.SO,.NEt 2 + 2HCl (R. Bchrend, A. 222, 116). 

10. Zinc ethide does not attack tertiary 
aminos, but acts upon primary and secondary 
amines in the following ways : 

2RNH, + ZnEt, = R,N,H,Zn + 2HEt. 

2RR'NH -I- ZnEt, = R.Jl',N,Zn + 2HEt 
(Frankland, Pr. 8, 504 ; Gal, G. B, 96, 578). 

11. Cyanic ethers unite with primary and 
secondary bases forming alkyl-ureas : 

RNH, R'NCO = RNH.CO.NR'H, 

RR"NH + R'NCO = RR"N.CO.NR'H. 
Cyanic acid acts similarly : 

R|JH,HC1 + KNCO =RHN.CO.NH, -I* KOI 

12. Thio-carbimides unite with primary and 
secondary amines forming thio-ureas : 

RNH, + B'NOS - BNH.CS.NR'H. 

When the solid prodnot obtained by boiling an 





Aromatlo. di-amiM with a Ind pil ci 
mustard (0,H5K0S) iff gradually heated, then it 
the diamine were o it would solidify above its 
melting-point ; if it were m it would melt with- 
out farther change and would therefore solidify on 
cooling ; if it were p it would melt and undergo 
decomposition and on cooling would remain 
liquid (Lellmann,i4. 221, 1 ; 228, 218; B. 19, 808). 
In all cases di-thio-ureas, R"(NH.CS.NI1CJIJ., 
are first formed ; those from m-diaminea are not 
affected by heat, while the o and p derivatives 
split up on melting thus : j 

R"(NII.OS.NHC3Hj)a=- 

13. The di-stdpliocyanides of the o-diamines 
are changed at 120°-130° into thio-ureas, 

N H 

CxHy<^j^jj^CS, which are not desulphurised 

by hot solution of PbO in NaOHAq. The ?n and 
p diamines give compounds of the form 
CxHy(NH.CS.NIL).. which are desulphurised by 
this reagent (Lellmann, A. 228, 8, 218). 

14. Small quantities of orthodiamines are 
readily detected by adding a few drops of a hot 
acetic acid solution of p}ienanlhra(iuinon6 to an 
alcoholic solution of the substance ; if an ortho- 
diamine is present a yellow crystal lino pp. of 
the corresponding quinoxalinois formed oji boil- 
ing tho solution ; this pp. in the case of plicny- 
leno and tolyleno o-diamincs is coloured deep- 
red by JiCl (Hinsberg, B. 18, 1228). 

15. If a mixture of bases is treated with 
sufficient ciiraconic acid to form the acid salts 
and the aqueous solution is boiled tho primary 
amines will be ppd. in tho form of alkyl-citraco- 
namio acids, wiiilo tJie secondary and tertiary 
amines can be obtained by distilling tho filtrate 
with steam (Michael, B, 19, 1390). 

16. Oxidising agents oonyoti aromatic amines 
into azo or azoxy compounds. Hence the nitra- 
tion of such amines by the usual methods re- 
quires previous introduction of acetyl into the 
amidogen. But by treating tho nitrates with 
cold cone. H0SO4 nitro-amines may bo prepared, 
the nitroxyl talcing a vi position with regard to 
amidogen (Levinstein, D. P. J. 25G, 471). 

17. Amines form condensation products Avith 
quinones, e.g. 

OoH,0,(NIIPh), ; 0„H20(NPh)(NIIPh),. 

18. Aromatic amines Avhon boiled with fatty 
amides produce ammonia and alkyl-amides, e.g, 

OH8.CO.NH, + NPhH, --- CH3.CO.NPhH + Nil,. 

19. Silver salts form additive compounds 
with aminos (Mixter, A. C. J. 1, 239). 

20. The ferrocyanidcs are obtained by adding 
tho amines to a mixture of aqueous K^FeCyfl and 
hydrochloric acid ; a crystalline pp. of tho aoid 
ferrooyanide B'aH^FoCyrt !raq, is usually termed 
(Fischer, A, 190, 184 ; Bisenberg, A. 205, 2G6). 
The ferrooyanides of tertiary aminos are par- 
ticularly insoluble in water and may be used 
as a means of isolating those amines. To re- 
cover the amine, the pp. is suspended in water 
and decomposed by OUSO4, and the excess of 
OuSOf removed Jrom the filtrate by baryta. • 

21. Chloral nydrate heated with tertiary 
aromatic amines and ZnCl, forms a condensation 
product which, when decomposed by aqueous 
KOH gives an aldehydo derivative, 


001,dH( OH)j + O^HjNMe, - 

CCl,CH(0H).0,H4NMe, + H,0 
CCl,0H(0H).08H4NMe,= 

CClgH + nCO.OaH^NMe, 
(Boessneck, B. 18, 1516 ; 19, 365). 

22. Primary aromatic amines in alcoholic 
solution absorb cyanogen ; and tho product when 
boiled with glacial HOAo becomes a di-alkyl- 
oxamide : 

2rhNH, + C,N, - PhNH.C(NH).C(NII).NPhH 
PhNH.C(NH).C(Nn).NPhH + 211,0 = 

PhNH.CO.CO.NPhH + 2NH3. 

Aromatic o-diaminos act similarly ; the result- 
ing oxalyl-o-diamine may bo viewed as a di-oxy- 
quinoxaline (Bladin, Bl. [2] 42, 104). 

23. Primary aromatic amines heated with 
glycerin (or acrolein), H3SO4, and nitrobenzene 
(as oxidising agent) produce bases of the quino- 
line series, A similar reaction occurs when 
glycol (or paraldehyde) is substituted for 
glycerin. 

24. Nitric oxide passed into an alcoholic 
solution of tertiary aromatic bases produces azo- 
compounds of the form Eli'N.C^H i.N^.CiiH^.NElV. 

25. For the action of aceto-acelic ether, 


V. p. 19. 

26. Orthodiamines form crystalline com- 
pounds with glucose (Griess a. Harrow, B, 20, 
281). 

27. Biazohenzene chloride reacts with primary 
and with secondary amines, forming diazo-amides 
{v. di-Azo-compounds). In the case of the 
secondary amines the compounds C,|II.,.N,,.NEIV, 
being easily crystallised and si. sol. water, may 
be conveniently used in separation of these bases 
from tertiary and in some cases from primary 
bases (Wallach, A. 235, 235). 

23. A solution of potassium croconate gives 
with salts of o-diamines dark-colourcd pps. con- 
sisting of the corresponding azincs (Nietzki, B, 
19, 2727). 

29. Tertiary aromatic amines form condensa- 
tion products when heated with aromatic acids 
or alcohols in presence of ZnCJ, or ; water 
being eliminated at expense of H para to N 
(Fischer, A, 206, 85). 

OTHER REACTIONS of tho amines are 
described in articles on the several bases, e.g. 

MeTIIYLAMINE, ETUYLAillNE, AnILINE, PlIENY- 
LENE-DUMINE. SOG alsO AmIDBS, AmIDO AcU>S, 
Amiwnes, and Amidoxims. 

AJnSATIN V. IsATiN. 


AMMELIDE C3II4N4O, or CJI^NhO^ i.e. 
0,N,(NH3)(0H), (?). Melanurenic ackl. ^ Amido^ 
cyanuric axid' Mono-amide of cyanuric acid. 
Liebig made a distinction between ammolide 
and melanurenic aoid, but his ammelido was a 
mixture of ammeline i.nd his melanurenio acid, 
hence it seems best to transfer the name ammelide 


to melanurenio acid (Klason, J.pr. [2] 33, 295). 

FonnatUm. — 1. From mefam and cone. 
HjjSO* (Liebig, A. 10, 30; Gabriel, B. 8, 1166; 
Jager, B. 9, 1664). — 2. From melamand boiling 
cone. KOHAq or cono. H3SO4 at 150^ (K.). — 
3. From ammeline and cono. HSO4 at 160° or 
by heating ammeline nitrate (Knapp, A. 21, 
244) ; the change is incomplete.— 4. A product 
of the dry distillation of urea (Liebig a. Wdhler, 
A. 64, 371 ; Laurent a. Oerbardt, A. Oh. [2] 19, 
93; Dreohsel, J. pr. [2] 11, 289).— 6. Among 
products got by boiling meUon-potassium with 



m 




Aqueous KOH (Hennesberg, A, 78| 246 ; Liebigi 
A* 96, 269).— 6. From its ethers or their thio- 
derivatives by gentle heat (K.). — 7. From thio- 
ammelide and KMnO^ (K.).— 8. From cyanogen 
bromide and cyanamide at 100° (Cech a. 
Dehmel, B. 11, 26).— 9. From urea and cyano- 
cen iodide at 160° (Poensgen, A» 128, 369 ; 
Hallwachs, A. 163, 294 ; Schmidt, J. 'pr, [2] 5, 
86).— 10. In small qvantity by action of COCl« 
on NHa (Bouchardat, A. ,164, 355).— 11. In 
small quantity from di-cyan-di-amide by heat- 
ing with water at 1G0° or with aqueous ammonio 
carbonate at 120° (Bamberger, B, 16, 1078, 
1703). . . , , 

Preparation— Cone. IIoSO^ (300 g.) is slowly 
poured upon melam (100 g.) and the solution 
heated for a few minutes to 190°. When cold 
-it is poured into a litre of water, when ammelido 
sulphate slowly crystallises (Striegler, J,pr. [2] 
83, 1G3). 

Properties.— White crystalline powder ; v. si. 
sol. water, insol. usual menstrua, sol. mineral 
acids, insol. acetic acid, v. sol. ammonia. It 
does not separate when its solution in warm 
aqueous NaOH is cooled (difference from amme- 
line). May be crystallised from boiling water. 
Not attacked by Cl, Br, HI, or AcCl. 

Beactions. — 1. Boiling dilute acids or alkalis 
form NHj and cyanuric acid. Baryta-ivater 
does not effect this change. — 2. Pho$pho7tis 
pentachloride forms CyaClg. — 3. KMn04 in acid 
solution forma cyanuric acid.— 4. Water at 170° 
forms COa and NH3.— 6. Heated in a current of 
moist COa it forms cyanamide. 

Salts.- (H^A''^ 

HoA'HoSO^Saq.— H^A" 2HNO3.— H^A" 2HC1.— 
Na A" Gaq. - NaHA"6aq. — K^A". — KILV'. — 
(NH.) A"^5aq. — (NHJHA'aiaq.— CaA'a-aq.— 
BaA"2.iaq. — CuA". — NiA’'2aq. — Ag,A". — 
AgHA'l^aq (Striegler; Volhard, B. 7, 92). 

Di -methyl ether CiHBN402 i.e. 
C3N3(NH,)(OMe),. [212°]. Formed by action 

of ammonia on trimethyl cyanurate, and occurs 
as a by-product in the preparation of that body 
(Hofmann a. Olshausen, B. 3, 273). PJates, si. 
sol. cold alcohol, v. si. sol. ether, si. sol. cold 
water.— C^KsN^O-AgNOa : needles. 

Di-cthyl ether C-HigNjO^ i.e. 
C3N3(NIT.,)(6Et)2. [97°]. By-product in the 

action of CyCl on NaOEt, and formed by 
heating cyanetholin with aqueous NII3 at 100° 
(H.a. 0.). Prisms.— C^HijN^O^AgNO, ; needles. 
— (C.H,.,N.O.,)2AgNO,: needles. 

AMLiELINE C3H3N3O i.e. C3N3(NH,.)2(On). 
* Di-amido-cya nuric acid. Diamide of cyanuric 
acid. 

Formation.— 1. By boiling melam for a long 
time with KOHAq or HClAq or by heating it 
with cone. K.SO^ at 100° (Liebig, A. 30, 24; 
Klason, J. pr. [2] 33, 28G). — 2. From 
Cy,(NH2)2Cl by alkalis (Lament a. Gcrhardt, 
A. Ch. [3J 19, 92).— 3. From thio-ammeline and 
' KMnO,.— 4. From its ether or its thio derivative 
by HCl. — 6. Formed by boiling the hydro- 
chloride of ‘ di-amido-tri-chloro-methyl cyani- 
dine’ (u. Tri-CnLORo-ACETONiTuiLE) witliNHaAq; 

Cy3(NH2)2(CCl3)HCl + NH, + H^O = 
Cy3(NH2).jOH) -t- NH jCl + HCCI3. Also by heat- 
ing tri-chloro-acetonitrile with NHgAq at 120°, 
or with alcoholic KH, at 170° (Weddige, J, pr, 
(2} 83, 86). 


jrnnwrm. Bfinttta n^08 In dondritlo 
gnmps (when ppd. from a warm solution). Insoh 
water, alcohol, ether, and benzene ; sol. mineral 
acids; insol. acetic acid; sol. NHjAq. Sep^ 
rails when its solution in warm NaOHAq is 
cooled. 

Beactions, — 1. Split up by heat into NH, 
and meilon.— 2. Warm H2SO4 forms NH, and 
ammclide. — 8, Boiling dilute nitric acid forms 
first ammclide, then cyanuric acid (Knapp, A, 
21, 255). 

Salts. — Its compounds with acids are de* 
composed by water.— B'HOl ; prisms.— B'HNOg. 
— B'AgNOs. 

Ethyl ether Cy3(NH2)20Et. [190°-200°]. 
From cyanetholine and NH3 (Hofmann a. 
Olshausen, B. 3, 275). V. si. sol. alcohol. 

Chloride Cy.^{iiil.i).JC\, ^ Chloro-cyananiide,* 
From CyaCl, and NHjAq (Liebig, A. 10, 48; 
Laurent a. Gcrhardt, A. Ch. [2] 19, 90 ; 20, 98 ; 
Bineau, A. Ch. [2] 70, 254). Powder, insol. 
water. Decomposed by heating with HCl into 
meilon and NII3. Dilute KOHAq converts it 
into ammeline. NH3 at 100° forms melamine. 
KHS forms thio-ammelino. 

AMMONIA NH,. (Volatile Alkali. Alkaline 
air.) Mol. w. 17-01. [-76°. Faraday, Q. J. N, 
19, 16]. (-38-5°; pressure less than 7G0 mm. 
Rcgnault.) S.G. (liquid) -6234 (Jolly, A. 117, 
181: compare also Andreef, ibid. 110,1). V.D. 8-6. 
S. 0°, 1050; 10°, 813; 15°, 727 ; 20°, 664; 
(Bunsen, Gasmnetry, Engl. cd. 1G9). S. 0°, 
1148 (Roscoe a. Dittmar, A. 110, 140) ; 8. 0°, 
1270 (Bcrthelot, C. B. 76, 1041). C.E. (liquid -11° 
to 0°) -00155 (Jolly, A. 117, 181). Refractive 
power (gas) compared with air = l, 1*309. 
[N,II»] = 11,800; [N, H', Aql = 20,320; [NIP, Aq] « 
8,430 (Th. 2, G8). ^ 

Occurrence. — Ammonia salts occur in the 
atmosphere and in rain water ; in many mineral 
waters ; in sea water ; near volcanoes ; in many 
soils ; in almost all plants ; in the excrements 
of many animals; among tho products of the 
decay of nitrogenous organic bodies. Free 
ammonia is not known to occur in nature. 
Ammonia was distinguished from amraomum 
carbonate by Black in 175G ; Priestley obtained 
it approximately pure and named it alkaline 
air; Scheele showed it to contain nitrogen; 
Bcrthollct demonstrated its composition in 
1785. The word ammonia comes from sal 
amiuo 7 iiactimi the name given in the middle 
ages to ammonium chloride. 

Foriualion. — 1. By the action of the in- 
duction spark, or tho silent discharge (Donkin, 
Pr. 21, 281), on a mixture of N and II in the ratio 
N-.Ha a small quantity of NH3 is produced 
(Morren, C. B, 48, 432 ; Perrot, C. B. 49, 204 ; 
Chabrier, C. B. 75, 484).— 2. According to Ramsay 

a. Young (C. J. 46, 93) a trace of NH3 is formed 
when a mixture of moist N and H is passed 
through a red-hot tube containing iron filings; 
3. Ammonium nitrite is formed, a. when 
hydrogen is burnt in air (Zoller a. Grete, B. 
10,2145; but against this V. Wright, 0.2V’. 88,240); 

b. by the action of a strong induction-spark on 
a rffixlure of N and H..0 (Thenard, 0. B, 76, 988 ; 
Johnson, C,N. 48, 253 a. ^4).^ Ammonium 
chloride is produced when electric sparks are 
passed for 8 to 10 hours through a mixture of 
HOI gas, N, and H, the element^ being in the 





60, 8ii7h or b^paMuig 
' tho SEtno ^868 throngh' a red«hot porcelain 
tnbe containing a metal tube cooled by a 
stream of cold water (Deville, A. 135, 104).— 
4 . By the action of a porous body — e.jr. spongy 
platinum, pumice, ferric oxide— aided by heat, 
on a mixture of II with an oxide of nitrogen or 
HNOa, NHj is produced. — 5. By decomposing a 
compound of H and one of N together, Nil., is 
forined : e.g. by the action of water on nitride 
of Si, B, Mg (fee., SiOy, B^Oa, or MgO is produced, 
and the N and H combine to form Nllg : again 
moist NO passed over hot iron filings yields Nila. 
6. By strongly heat i ng easily oxidi sod bodies— e.g. 
As, Zn, K, cfec.— with alkaline oxides, in presence 
of air.— 7. By strongly heating metallic nitrates 
or nitrites with hydroxides of the alkali or 
alkaline earth metals and iron filings or zinc. — 
8. By heating metallic cyanides with steam 
(v. Marguerite and Sourdoval, D. P. J. 157, 73 
and 316).— 9. By heating solutions of nitrates or 
nitrites with KOIIAq and Zn or Fo, or with a 
Cu-Zn couple. Ammonium sulphate is formed 
when nitric acid is dropped into a vessel con- 
taining Zn and dilute II^SO^Aq (Kuhlmann, A. 
64, 233). — 10. By the action of water on chloride, 
iodide, or phosphide, of nitrogen, or on the 
amides; in the last cases it is often neces- 
sary to use solutions of KOII or NaOH. — 11. 
By the dry distillation of many nitrogenous 
organic bodies— c.//. horn,bones, blood, coal, Ac. 
Ammonia is produced, according to Johnson, 
when N and H are passed over spongy Pt 
(C, J. 39, 128) ; but this is denied by Wright 
(C. J. 39, 359), whoso experiments seem to prove 
that the NIL, obtained by Johnson was the pro- 
duct of the mutual action of a trace of NO (in 
what was supposed to bo pure N) and H, in 
presence of the spongy Pt (but v. also Johnson’s 
pamphlet Elementary Nitrogen, and on the 
Synthesis of Ammonia [Churchill, 1885]). 

Preparation.— 1. By gently heating a mix- 
ture of 1 part chloride or sulphate of ammonium 
with 2 parts finally powdered slaked lime; 
the mixture is covered with a layer of lime to 
absorb water, and the gas is dried by i)as.sago 
through a cylinder containing lime in small 
pieces.— 2. By gently heating a solution of 
CaClg in NII^Aq previously saturatt7d with Nil, ; 
this mixture may be kept unchanged for long.— 
8. Pure ammonia is prepared by litas {Fr. 6, 
423) by one of the following methods : — (i.) 
From pure NH,C1 and KOHAq ; 10 litres of a 
boiling cone, solution of NH,,C1 are mixed Avith 
1 litre HNOaAq, S.G. 1*4 ; the boiling is con- 
tinued so long as Cl comes off, the Nil, Cl which 
separates on cooling is dissolved in hot water, 
and again boiled with A volume of UNO., till 
Cl ceases to come off, water is then added, 
and NHj is obtained by decomposing by KOHAq. 
(ii.) From pure (Nn 4 )jjS 04 and KOHAo ; 2 kilos, 
of (NHJ2SO4 are heated Avith 1^ kilos, cone. 
HaSO^ to the temperature whereat the suliihatc 
begins to decompose Avith effervescence, small 

g uantities of nitric acid are then added until the 
quid becomes quite colourless ; the salt which 
crystallises on cooling is dissolved in Avarm 
water and ^decomposed by KOHAq. [Tlie 
object of these treatments is to remove tho 
8mall quantities of substituted ammonias— 
KH/3Hg, NHaCaH| do. — which are present in 


ii^oride and sulphate.] (UL) From 
pore KNOg bj the action of Zn and Fe in 
presence of KOHAq: the KNO, is prepared 
by heating IkiloKNOj with metallic copper, and 
dissolving out the KNOa in water ; this solution 
is digested with 15 litres KOHAq— S.G. 1-25— 3 j 
kilos, granulated zinc free from carbon (Zn 
obtained by fusing commercial Zn with 6 p.c. 
PbO may be used), and J kiio. iron Avire pre- 
viously strongly heated in air and then reduced 
by hydrogen ; the liqiild is poured off and 
distilled with gentle ebullition. 

Properties.— k. colourless, strongly-smelling, 
gas, Avhich turns red litmus paper blue, and 
turmeric paper brown. Taste, hot and strongly 
alkaline ; poisonous Avhen breathed ; it destroys 
the mucous membrane. Easily liquefied to a lim- 
pid, colourless, highly refractiA^c, li(}uid ; best by 
heating solid 2AgC1.3NH3 in one end of a strong 
glass tube, closed at both ends, and bent to an 
obtuse angle, the other end being surrounded 
by snow and salt (Faraday, Q. J. 8. 19, 16). 
The silver compound begins to melt at 38®, it is 
quite liquid at 90°, begins to boil at 100°, and 
the change is complete at 112°. Liquefied at 
—40° to —.50°; this may be effected by passing 
the well-dried gas through a (J tubo surrounded 
by a mixture of crystallised CaCI^ and snoAv, or 
by liquid SOg which is rapidly evaporated by a 
ciiiTont of air (Loir and Drion, J. 1860. 41). 
If liquid ammonia is cooled by solid CO^ and 
ether in vacuo (Faraday), or by rapid evapora- 
tion over n^SO, (Loir and Drion), white trans- 
parent crystals of solid ammonia are obtained, 
Avhich melt at -75° (Faraday). Liquid 
ammonia vaporises in a closed vessel, the 
vapour-pressures according to llegriault (/. 
1863. 66) being as follows : — 
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Ammonia gas is very soluble in Avator (v. 
Combinations No. 1), alcohol, and ether; it is 
largely absorbed by charcoal (y. Hunter, 
G. J. [2] 9, 70 ; 10, 649) and other porous sub- 
stances ; it is absorbed by many saline solutions, 
the quantity of NHj absorbed boiiig, as a rule, 
the less tho more concentrated is tho solution 
(u. Baoult, C. It. 77, 1078). Ammonia solution 
is a strongly smelling, caustic, alkaline, liquid; 
at —40^ it forms long needle-shaped crystals; 
at —49° it solidifies to an inodorous mass; the 
B.P. and S.G. increase the less is the quantity 
of NH3 present. Many metall ic oxides insoluble 
in Avater are dis.solved by NIIgAq, e.g, 
CuO, Ag.,0, &e. ; aqueous Nil, also dissolves 
many fats and resins. Ammonia resembles 
PHj in its properties and reactions ; it is, how- 
ever, much more stable and less easily oxidised 
than that compound; an aqueous solution of 
NHj, which doubtless contains NH^OH, ^is 
characterised by the properties expressed by the 
Avord alkali (y. Ammonium Compounds ; 
comp, also the arts. IlYDniDEs, Hydrox- 
ides, and Nitrogen Group op Elements.) 

Beactions. — I. Liquid ammoni a does not 
react withHj,S04 at - 66® ; dissolves alkali metals 



at first with red, then blue, colour ; ike metale 
errstdlise out unchanged (Gore, Pr. 21, liO); 
alkaline earth metals ana heavy met^s do 
not dissolve (Seeley, C. N» 28, 169; concern- 
ing solubilities oi other elements and salts v. Gore 
I.C.), — II. Ammonia gas. 1. Heat decomposes 
NHj partially into N and H; when the gas is 
passed through an iron or porcelain tube, de- 
composition begins at about 500° ; the nature of 
the hot surface exerts a most marked influence 
on the extent of decomposition ; the decompo- 
sition is, however, never quite complete (Banisay 

а. ; Young, C./. 45, 88). A spiral of Pt heated 
by an electric current also decomposes NIIj 
(Grove, A, G3, 1).— 2. The electric discharge 
decomposes NH., slowly, but wiiJicfiojt.sparks from 
a largo Ilulimkorfl’s coil more quickly ; the de- 
composition is not quite complete (Deville, A. 135, 
104; Buff a. Hofmann, ibid. 113, 132).— 3. 
NH3 is decomposed, into N and H, by passage 
over several ladals at 700° or so, e.g. Au, Pt, Ag, 
Fe, Cu, A’c. ; some metals, e.g. Ti, combine with 
the N ; the alkali metals set free 1 of the H pro- 
ducing cojupounds of the form NH.uM : the com- 
pound NH..K is decomposed at a red heat giving 
HKg and NH, ; water acts on it to produce KOII 
andNH, (r. Potassium).— 4. Mixed with oxygen 
and submitted to the electric discharge, NH.NOa 
andJS'HjNO, are formed (Carius, A. 174, 31).— 5. 
Mixed with oxygen and heated, NH., burns to H.O, 
H, and N, if the NH3 is in excess; and to H.”0, 
N, and Nil, NO,, if the 0 is in excess {v. Hofmann, 
A. 115, 283 ; Heintz, ibid. 130, 102). The flame 
examined spectroscopically shows characteristic 
lines, especially one near 1) (Dibbits, P. 122, 521). 

б. Ozone oxidises NH3 chiefly to NH.NO;, and 
NHjNO.j (Carius, A, 174, 31).— 7. A plaiwn 7 n 
wire heated in NH^ mixed with air produces 
NH^NO.,, if oxygen is passed into the Nil, red 
fumes ofN oxides are also produced.— 8. Am- 
monia reacts with N-.O^ and 01,0., to form H. 0, 
N, NH,NO., or NH.NOa, and Ci.-9. Mctailic 
oxides reducible by H are usually also reduced 
by NII3 with formation of metal, N, and II .O, 
Bometimes with formation of metallic nitrides*— 

10. NHj reacts with many inctaUic oxides and 
haloid salts to form compounds, cither of NIL, 
with the mctailic salt -- e.g. PtCl.,.4NII.„ 
Cu80^.2NH.,— or compounds in which part of 
the H of NH, is replaced, e.g. NHJlgCl (u. 
Ammonium Comtounds ; also the several metals). 

11. Chlorine, hromme, and iodine react ener- 
getically with NH3 to produce NJI,X(X ---- Cl, Br, 
or I), and N. NHg combines with cooled I to 
form a brown liquid which is decomposed 
by water with production of NH,IAq and explo- 
sive iodide of nitrogen [ ? NI,] (u. Nitkooen).— 

12. Sulplmr absorbs NH, ; on heating N is set 
free and ammonium sulpliidc formed (Brunner, 
D.P.J. 150, 371). — 13. Carbefh heated in a stream 
of NH, forma NH.,CN and H, sometimes also 
CH4.— 14. Boi-on heated in a stream of NH, 
form BN (u. Boeon), and H.— 16. NH, combines 
With acids (II„SO„ HCl, &c. Ac.) to form am- 
moraum Balls ( {NH,),,SO„ NH,C1, *c. Ac., q.v. ; 

V. also Combinations, No. 4).— 10. With many 
organic anhydrides NH, combines to form tho 
ammonium salta^ of ainio acids, g.v. NH, also 
aots on several inorganic anhydrides and acid 
cnkyndes to form bodies more or less analogous 
to the amio acids ; thus with SO,OH.01 azz 


injldo-sulphuric aoM NH(S^H),-^^h< 
salts of this acid are obtained salts of ftm ij V! 
sulphuric, or sulphamio, acid— NH 2 (Sa, 0 H) 
Again by the action of NH, on the acid chloride 
SO 2 CI 2 it is probable that the amide of sulphuric 
acid— (NH2)..S02— is produced. So also NH, 
reacts with CO2 to produce NH.,(CO.ONn4)-- 
the ammonium salt of amidocarbonio, or car- 
bamio, acid. These compounds will bo de- 
scribed under tho various acids (v. Caebamio 
ACID; SuLniAMio acid; Sulphub oxyacids, nitro- 
gen derivatives of ; Ac.). 

III. Ammonia solution. 1. Beat decom- 
poses NHaAq, tho whole of tho NH, being re- 
moved as gas. — 2. Ghloj'inc, bromine, and iodine 
react as with NH, gas ; chlorine produces a little 
NIT^CIO, (Fresenius, Fr. 2, 69).- 3. Beacts with 
acids to form ammonium salts {v. Combinations, 
No. 4, also Ammonium compounds). — 4. With 
many metallic salt solutions it reacts (similarly 
to KOIIAq) to form an ammonium salt and 
an oxide or hydroxide of tho metal. — 5. Heated 
with sulphur in a closed tube ammonium poly- 
sulphides are slowly formed (Fliickiger, J, Ph. 
[3] 45, 453). — 0. Heated with seicnion in a closed 
j tube, ammonium selenide and selenite are 
formed ; with tellurium ammonium tellurite is 
produced (Fliickiger, l.c.). 

Combinations. — 1, Ammonia gas dissolves 
I very freely in water, the action is attended 
: with production of heat ; [NH^Aq] - 8,130 {Th. 2, 

; 08) ; a concentrated solution of NTl3Aq diluted 

I with n H2O develops --—units of heat (Uertho- 

i lot, A. Ch. [5] 1, 209). Thomsen (Th. 3, 86) 
gives the following data 

NH^biIIO,7»H’'’0 

n + m 15 25 50 

n=3'2 319 350 372 

M 15 — 81 53 

„ 25 — — 22 

The mass of Nil, absorbed by water at 0° is 
I not directly proportional to the pressure; for 


pre.ssurcs varying from 50 to about 1,000 ’mm. 
the mass of NH, is less, and for higher pres- 
sures it is greater, than that calculated by 
Dalton and Henry’s law (for data v. Roscoe a. 
Diltinar, A. 112, 340). As temperature in- 
creases tlie mass of Nil, becomes more nearly 
directly proportional to the pressure, until at 100° 
llic proimrtion is e.stablished (for data v. Sims, A, 
118, 3 15). Tho S.G. of an aqueous solution of Nil, 
varies from *8844 at 14°, corresponding to 36 p.c. 
Nllg, to *9091 (at 14' ) corresponding to *2 p.o. 
Nil, (Carius, A. 99, 164), Carius gives the 
annexed table. Determinations made at 14° 0. 

^ A solution containing 32 p.c. NH, corresponds 
with the quantity calculated on the assumption 
that the liquid consists of the compound 
NII^OH.Ii.^O (v. Ammonium Compounds). — 2. 
Dry ammonium nitrate absorbs NH, at all tem- 
peratures from -13° to with liquefaction 
of the salt ; heated over 25°, NH, is evolved and 
the substance becomes solid ; the liquid at -10** 
and 760 mm. contains 42*5 grama NH, and 100 
rams IgU^NO,, these numbers agree with those 
calculated from the formula NH,Nf),.2NH, ; the 
I solid at 28°*5 contains NH,NO, and NH, in the 
1 proportion NH,NO,:NH, (Divers, iV. 21, lOOj 





flpArtflo P. 0* ispecltio P. '0. 
gJfaWy gravity NH, 

0-^844 ' '36-0 0‘9133 24 0 0-9520 12 0 

0*8848 36*8 0-9139 23-8 0-9527 11-8 

0*8862 '36-6 0-9145 23-6 0-95:M 11-6 

0*8866 35-4 0*9160 23-4 00542 11*4 

0-8860 35-2 0*9156 23-2 0-0549 11-2 

0-8864 86-0 0-9162 23-0 1 0-9556 110 

0-8868 34-8 0-9168 22-8 0-9503 10*8 

0-8872 34-6 0-9174 22 0 1 0-9571 10 6 

0-8877 34-4 0-9180 22-4 i 0-9578 10-4 

0-8881 84*2 0-9185 22-2 0-9586 10-2 

0-8885 34-0 0-9191 22-0 ' 0-9593 10-0 

0-8889 33-8 0-9197 21-8 0-9601 9-8 

0-8894 33-6 0-9203 21-0 0-9608 O'G 

0-8898 33-4 0-9200 21-4 ' 0-9616 9*4 

0-8903 33-2 0-9215 21-2 | 0 0623 9*2 

0-8907 33-0 0-9221 21-0 ! 0-9631 9 0 

0-8911 32-8 0-9227 20-8 i 0-9639 8-8 

0-8916 32-6 0-9233 20-6 0-9(M7 86 

0-8920 32-4 ‘0-9239 20-4 | 0-9654 8*4 

0-8925 32-2 0-9245 20- 2 i 0 9662 8-2 

0-8929 32-0 0-9251 20 0 | 0-!)670 8-0 

0-8934 31-8 0-9257 19-8 , 0-9677 7*8 

0-8938 31-G 0-9204 19-C 0-9685 7*6 

0-8943 31-4 0-9271 19-4 09693 7*4 

0-8918 31-2 0-9277 19*2 0-9701 7*2 

0-8953 31-0 0-9283 19-0 0-9700 7*0 

0-8957 30-8 0-9289 18-8 0-9717 C-8 

0-8962 30-6 0-9296 18 0 ! 0-9725 6*0 

0-8967 30-4 0-9302 18-4 : 0-9733 6-4 

0-8971 30-2 0-9308 18-2 1 0-9741 6-2 

0-8976 30-0 0-9314 180 0-9719 6'0 

0-8981 29-8 0-9321 17-8 0-9757 5*8 

0-8086 29-6 0-9327 17-6 0-97(J5 5*0 

0-8001 29-1 0-9333 17-4 0-9773 5-4 

0-8996 29-2 0-4^340 17-2 0-9781 6-2 

0-9001 2!)-0 0-9347 17-0 0-9790 5-0 

0*9006 28-8 0-9353 16-8 0-9799 4’8 

0-9011 28-6 0-9360 16-6 0-9807 4-6 

0*9016 28-4 0-9366 16-4 0-9815 4-4 

0*9021 28-2 0-9373 16-2 09823 4-2 

0*9026 28-0 0-9380 10 0 | 0-9831 4-0 

0*9031 27-8 0-9386 15-8 1 0-9839 38 

0*9036 27-0 0-9393 15-6 0-9847 36 

0*9041 27*4 0-9400 15-1 1 0 9855 3-4 

0*9047 27-2 0-9407 15-2 0-9863 3-2 

0*9052 27-0 0-9414 150 0-9873 30 

0*9057 26-8 0-9420 14-8 0-9882 28 

0*9063 26-G 0-9427 14'G 0-9890 2*6 

0*9068 26-4 0-9434 14-4 0-9899 2-4 

0*9073 2G-2 0-9441 14-2 O-9907 2-2 

0*9078 26-0 0-9449 14-0 0-9916 20 

0*9083 25*8 0-9156 13*8 0-9924 1-8 

0*9089 25-6 0'9463 13-6 0-9932 I'O 

0*9094 25-4 0-9470 13-4 0-9941 Vi 

0*9100 25-2 0-0177 13*2 0-9950 12 

0-9106 25-0 0-9484 130 0-9959 1-0 

0*9111 24-8 0-9491 12-8 0-9967 08 

0*9116 24-6 0-9498 120 0-997fi OO 

0*9122 24*4 0-9605 12-4 0-0983 04 

0*9127 24-2 0-9512 12-2 0-9991 0-2 

Baoult, C, B. 76, 12C1.~3. Ammonia gas com- 
bines with a great many metallic chlorides, sul~ 
jphates, Ao., to form either double compounds or 
compounds \fhioh are best regarded as substi- 
tuted ammonium salts. (For a slight general 
I ketch f>. Aumokiuu OoMPOimns. The several com- 


[ pounds are described in the arts, on the different 
I metalB).->4. Ammonia gas or solution combines 
I with acids to form well-marked salts isomorphous 
with the corresponding salts of the alkali metals. 
The value of the heat of neutralisation of an 
acid by NIIjAq.is always rather smaller than 
the value when KOTIAq or NaOIIAq is used; 
thus Thomsen {Th. 1, 412-121) gives these 
numbers : 

BAq [H‘SO'Aq, BAq] [H'Cl'^Aq, BAq] 
2KOHAq 31,288 27,504 

2NaOIIAq 31,3^8 27,188 

2NHaAq 28,152 24,544 

[H'N-0«Aq, BAq] 

27,544 

27,364 

27,644 

These results are quite in accordance with the 
view that an aqueous solution of NHj contains 
tho compound (NH^)OII, analogous in composi- 
tion and properties to tho hydroxides of the 
alkali metals (v. Ammonium CoMi’uuNns). 

Detection.— Vvee ammonia is detected: 1. by 
its smell ; 2. by its action on TICl whereby white 
clouds of NH,C1 are produced; 3. by its 
action on paper, a. moistened with neutral 
IIgNO;,Aq, whereby a black stain (Ilgp) is 
formed, b. moistened with CuSO^Aq whereby 
a sky-blue colour (CnSO.,.4Nn;,) is produced, c. 
moistened with MnSO.,A(j[, whereby brown spots 
(Mn.Pa) arc formed, d. steeped in an ethereal 
solution of alkanna root (Enz, J. 1870. 935), 
whereby a blue colour is produced (Bottger, 

107, 116). Tho presence of ammonia or am- 
monium salts can be ascertained by various 
tests; tho follow'ing may be mentioned.— 4. 
Sodium Iterate precipitates yellow- ammonium 
picrate.— 5. A solution of sodium molybdate con- 
taining phosphoric and nitric acids forms a citron 
yellow pp. (Sonncnschein, J. pr. 56, 302).— 
C. Ncssler's solution — a strongly alkaline solu- 
tion of Hgl,j in KIAq— forms a brown pp., or 
brown colour in extremely dilute solution, of 
NHgJ.H,0 (Nesslcr, C. C. 1856. 529). All am- 
monium salts arc at least partly volatilised when 
heated; some give sublimates of the original 
salt, c.g. NH,C1 ; others are decompose 4, e.g. 
KH^NOj and 2s’H,NO,. 

Estimation. — 1. Ammonium salts are some- 
times estimated in a mixture, all tho other con- 
stituents of which are non-volatile, by heating a 
specified quantity and determining tho loss of 
weight.— 2. All ammonium salts are decomposed 
by heating with KOHAq (or NaOIIAq) with evo- 
lution of Nil.,: if organic N-coiitaining com- 
pounds which evolve NIT 3 by the action of 
alkalis are absent, it is only necessary to add a 
weighed quantity of the ammonium compound 
to an excess of KOHAq, or NaOIIAq, which has 
been boiled and cooled, in a flask connected 
with a condenser and receiver, and to warm on 
a sand-bath; NH 3 passes over and is received in 
dilntfi HClAq; the NH^Cl is then transformed 
into 2 Nn,Cl.rtCl^(v. No. 3), or the NHj is received 
in a measured quantity — excess — of standardise 
HClAq, HoSOjAq, or H^CjO^Aq, and the re- 
sidual acid is determined by titration with 
! standard alkali. [A special apparatus is de- 
scribed by Harcourt (Fr. 2, 14).] If N-co»* 
taining organic compounds are present which 
evolve NHj by the action of alkalis, Schlossing 







(A £a m 81, 168) t*Mmia«i 4 « 
substance with excess of milk of hme 
measured quantity of standard HaS04Aq, under 
a bell jar, for 48 hours, and then to determine 
the residual acid by standard alkali. — 3. Arn- 
monium salts the acids of which are soluble in 
alcohol may be estimated by conversion into 
2NK,Cl.PtCl4; an excess of nearly neutral 
PtCl.Aq.free fromllNO^is added to the solution, 
the liquid is evaporated at 100°, the residue is 
washed with alcohol, dried at 100°, and weighed, 
or it is strongly heated and the residual platinum 
is weighed. This method is ap])licable in the 
presence of salts whieh form double compounds 
with Pt soluble in alcohol ; it is host that such 
Falls should be chlorides, to insure this the 
mixture is evaporated with excess of cone. 
HClAq (it is best to remove sulphuric acid by 
Ba(OII)2, excess of Ba(01I)2 being afterwards 
removed by CO,.). In the case of KOI, which 
forms a salt 2KCl.PtCl, insoluble in alcohol, the 
mixed Pt salts are weighed, tlieu strongly heated 
and again weighed, the KCl is dissolved out in 
water, and the residual Pt is weighed. 4. Am- 
monium salts are decomposed by alkaline liypo- 
ohlorites or liypobromites giving oil all their N, 
which may ho collected ami measured. 

(2NII,CIAq 4-3x\aClOA(i = 

N. + 3NaCl .\q + 311, ,0 f 2TTC1 Aq). ^ 

Wohler employed calcium hypochlorite for the 
purpose ; Kiiop {Fr, 9, 22o) used barium or sodium 
hypobromito (prepared by the action of Br on 
Ba(OH).,Aq or on NaOIIAq) ; Schiif has described 
a special apparatus {Fr. 7, 430); Krocki r a. 
Dietrich {Fr. 3, 64 ; 5, 40) decompose by excess of 
* brominated NaOClAq, and determine the residual 
hypochlorite by titrating with an alkaline solu- 
tion of arsenious oxide. (Comp, also Poster, C. J. 
83, 470.)— 5. Minute quantities of Nil, are de- 
termined by the colorimetric process of Nesslor- 
ising ; a measured quantity of Nessler’s reagent 
— Hglj in KIAq made strongly alkaline by 
KOliAq— is added, and the colour is compared 
with that produced by an equal quantity of 
Nessler’s solution in an ctjual volume of water 
containing a known quantity of ammonia. 

M. M. P. M. 

AMMONIA, ACTION ON ORCtANIC BODIES. 

1. Ammonia converts alkyl salts of inorganic 
acids into amines (g. v .). — 2. It converts alliyl 
Balts of carboxylic acids into amides (7. r.).— : 
8. It converts the oxides of acid radicles into 
amide and ammonium salt: Ac20 + 2NH3= j 
ACNH2 + AcONH^.— 4. It converts chlorides of ■ 
acid radicles into amides of the correspond- 
ing acids ; AcCl + 2NH3 = AeNil^ + NTI^Cl. — 5. It , 
unites with cyanic ethers forming ureas.— 6. i 
It unites witli thio-carbimides forming thio- j 
ureas.— 7. It unites witlu aldehydes, but in 
the case of the higher fatty aldehydes and the 
aromatic aldehydes water is simultaneously split 
off It unites with ketones and qninoncs.— 
f. Alcoholic Nils sometimes removes HCl; thus, 
U converts isobutylidonc chloride MCaCH.CIIClj, 
^loro-iso-butylene Me2C:CIICl, and di-chloro- 
propane CHj.CClj.CH^, into chloro -propylene 
CH3CCl:CTT,(Oeconomides, C, U. 92, 1235).— 10, 
For its action on oxy compounds ace Aminks, 
F(jmmtion 10.— 11. Ammonia can displace 0 
byNH. 

AMMONIAC OUM v. Gum. 


; Obmpoandfl 

produced by the actioo of amnioiiio on acids* 
The conditions of occurrence in nature, and also 
of the artificial syntheses, of these salts are re- 
ferred to in the article Ammonia, q,y. In that 
article some data are given regarding the ab- 
sorption of ammonia by water [Combinations, 
No. 1), and regarding the thermal values of the 
neutralisation of acids by NHjAq {Combina- 
tions, No. 4). The products of the mutual 
actions of NH3Aq, and HClAq, H2S04Aq, and 
other acids— the ammonium salts- -are for the 
most part white crystallmo bodies, easily soluble 
in water, and many of them soluble also in alco- 
hol; they exhibit marked analogies with the 
salts of potassium. Corresponding ammonium 
and potassium salts are isomorphous, hence they 
probably have similar compositions. The am- 
I moninm salts are distinguished by their com- 
1 pavatively great volatility ; healed, as solids, 


they are completely volatilised, if the acid of the 
! salt is volatile ; if the acid is non-volatile (e.g, 

I borate or phosphate), ammonia is evolved. They 
I do not exist as gases; when volatilised they are 
I either decomposed e . g . NH,NO;„ or dissociated 
i e . g . NH4CI, q . V . { v . also Dtssuciatton). When 
gaseous Nil., acts on gaseous HCl, HBr, or HI, 
j combination occurs with production of much 
I heat and formation of solid compounds NH,HX, 
thus (Th. 2, 73) : 

X (NIP, HX) 

Cl 41,900 

Br 43,020 

I 43,400 

If the solid products of those actions, NHaHX, 
are heated to about 430°, a vapour is obtained 
containing NH, and HX on cooling this vapour 
the compound N]1;,HX is re-formed. Gaseous 
NTT;, does not combiuo witliTlCl, HBr, or HI, at 
temperatures above about 430°. These facts 

■ establish a difference between the ammonium 
and potassium conqiouiuls. This difl'erenco is 
further exhibited in the reactions of the two 
classes of compounds; the ammonium salts are 
easily decomposed, e.g. by alkalis and alkaline 

I earths, with i)roiluclion of NH3. On the other 
! hand the properties of NIl,Aq (v. Ammonia, Pro- 

■ i^erties of) are so similar to those of KOHAq, 
and the reactions of acids with these solutions, 

■ whether consi<lered tliorinally or chemically, are 
so analogous, that there can be little doubt that 
the composition of ammonium salts is similar 

I to that of potassium salts. This similarity is at 
: once rendered app.irent by formulating the 
• former class of salts as compounds of the, hy- 
pothetical group of atoms NII4, ammonium. 
Thus we have : 

Nil,, .Cl isomorphous with and chemically analo- 
gous to K.Cl, 

NHi-NOs isomorphous with and chemicauy 
analogous to K.NO.,, 

(NU,).^.S04 isornorplious with and chemically 
analogous to K.^.HO,, 

(NHj2-C/)4 isomorphous with and chemically 
analogous to K2-C..,0„ 

NH4.C2H;,02 isomorphous with and chemically 
analogous to K.C.HaOj. 

If fhis analogy of properties ^s in all cases 
supposed to accompany analogy of compositioHi 
then NH,Aq must bo formulated as NH4.0HA^ 
The compound NH4OH has not been separatttd 



troai the solat^bn of in water ; btii tiis does 
not prove the non-existence of the compound in 
this solution. A chemical compound may, and 
sometimes almost certainly does, exist as a 
member of a system, and 3'Gt it may be incapable 
of existence apart from the other members of 
the system. The existence of every compound 
is conditioned by other factors than the 
elements which compose it ; among these 
factors, tcmjjcrature, and the presence or absence 
of other compounds, are very important. Com- 
pounds closely resembling NH,OH, and un- 
doubtedly derived from NH,OH, arc known as 
definite solid bodies; they are obtained by re- 
placing tliG four hydrogen atoms in the com- 
plex NH,OH by alcoholic radicles or 

thus K(GII,),.OJI, N(G,H,),.OH, and 
N[(CJl/)o(C,inj.JOH, iiave been prepared. These 
bodies closely resemble NaOH and KOH in their 
properties; their existence and xiropcrties are 
strong arguments in favour of the existence 
of the compound NTI,OH in aqueous solutions 
of NH3. The formulcD Nil, .OH, NH,.G1, (NHJ.SO^ 
&c., then better Bummariso the properties 
and reactions, and suggest the analogies, of the 
ammonium compounds, than tlie alternative 
formulfc NII^.H^O, NH3.TIGI, (Nll3),.n,SO, &c. 
The name ammonium is given to the compound 
radicle, or group of atoms, NIT,. We do not 
know that the composition of the molecule of 
ammonium chloride is represented by the 
formula NH,C1; indeed we do not oven know 
the molecular weight of this, or of any other, 
ammonium compound. These compounds seem 
to exist only as solids, or in solution. We aro 
scarcely justiliod in applying the term molecule to 
the chemically reacting small particles of solids 
or liquids, unlc«8 the term is used in a wider 
and vaguer sense than is given to it when we 
speak of the molecule of a gas {v. Atomic and 
MOLECULAR WKionTs). But ill sayiiig that the 
complex or collocation of atoms which forms 
the reacting weight of ammonium chloride is a 
combination of an atom of chlorine with the 
radicle, or group of atoms, ammonium, we 
mean to imply that, when this complex of 
atoms reacts with various other kinds of matter, 
it beliaves as if the four atoms of hydrogen were, 
in some way, more directly and closely related 
to the atom of nitrogen than to the atom of 
chlorine. The fact that when the same complex 
of atoms is heated it separates into two distinct 
molecules, HCl and NH^, neither proves nor dis- 
proves the correctness of the formula Nil, .Cl, 
and the conception which that formula em- 
bodies. Neither docs the fact, that no gaseous 
molecule is known containing a single atom of 
nitrogen combined with more than tlirco mono- 
valent atoms, disprove the formula Nil, .Cl ; for 
the solid compound ammonium chloride presents 
us with phenomena to which th« conceptions 
regarding the valencies of atoms, wliich have 
been gained by the study of gaseous molecules, 
are not strictly applicable. 

In connection with the constitution of nm- 
monium compounds it is of interest to observe 
that the compound produced by ^10 union of 
N(CH3)30tHj with CjjHJ appears to bo identical 
with the "compound produced by the union of 
N(CaH4).^CH, with CHgl; it seems as if this 
compound N[(0H,)a(0,fl^a]I belonged to the 
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(V. Bioyer and Lecob, S. 8, 23b 986). 

' The group of ato:^, NH„ is evidentW chemi- 
cally comparable with the atoms K, Na,Li, Cs, or 
Bb ; but these are the atoms of strongly positive 
metals ; hence if the group NH, could be isolated 
it might be expected to exhibit properties similar 
to those of the alkali metals. Experiments have 
demonstrated the impossibility of the existence 
of NH^ uncombined with other atoms; but 
certain reactions are known which suggest the 
existence of an afioy of thiii hypothetical metallic 
radicle with mercury. 

Ammonium Amalgam. If an electric current 
is passedthroughconc. NHjAq, or NH,ClAq, the 
negative electrode consisting of mercury and the 
positive of a platinum wire, the mercury swells up, 
sometimes to 20 times its original volume, and 
becomes pasty so that it may bo lifted by the 
haiiil, while nitrogen is evolved at the positive 
electrode. The same result is obtained as 
regards the mercury, if a piece of solid NH^Gl 
is used; also if sodium-amalgam, containing 
about 1 p.c. Na, is placed in cone. NH^GlAq — 
in this case NaGlAq is produced. The peculiar, 
pasty, lustrous, mctal-liko, substance formed in 
these experiments is called ammonium-amal- 
gam; at a very low temperature, obtained by 
solid CO2 and other, it is a dark-grey, solid, 
crystalline, mass ; even at —20® it begins to 
evolve NII3 and H, and this change proceeds 
rapidly at modoralo temperatures ; the two gases 
always come off in the ratio Nil., ; H, 

An amalgam of K with Hg is produced by 
electrolysis under conditions very similar to 
those which attend the production of ammonium- 
amalgam; the analogy between ammonium 
and potassium is thus carried out here also. 
Amraonium-umalgam, it is said, docs not 
reduce salts of Ag, Gu, or Fo, as K amalgam does 
[ (Landolt, il. SwjJjjZ. 6, 346). When the amalgam 
is subjected to increased pressure its volume 
is found to change almost inversely as the 
pressure; in this respect then it behaves like 
a gas rather than a semi-solid compound. 
Tlie followiug data are given by Eoutledge 
(0. N. 20, 210) 


o.o.of Hg 
in 

amulgara. 

c.c. of 

amalgam, 
])rossure 
762 mm. 

Increased 
pressure 
•il)ldie(i, In 
lum. of JJg. 

c.o, of 
anmlgara 
umlor in- 
creased 
pressure. 

c.c. of 
amalgtim 
calculated 
by Boyle’s 
law. 

14-5 

21-0 

1524 

18-0 

17’9 

24-4 

36-2 

1524 

31-6 

80-9 

10-4 

18-0 

18(53 

14-7 

13-7 

23-8 

42-2 

1026 

38-8 

38’5 

23-8 

42(3 

2015 

32-2 

31-6 

23-8 

36-2 

1495 

32*6 

30-6 

23'2 

39*5 

1989 

31-4 

35*4 


As the pressure increases, the surface of the* 
amalgam becomes brighter, until under large pres- 
sures it has the appearance and liquidfty of 
mercury (Seeley, G. N. 21, 265). These results 
point to the existence of gaseous NH, or H, 
or, it may be, gaseous NH*, in the Hg; but 
tliey do not disprove the existence of the' 
atomic group NH* in some kind of loose com- 
bination with Hg. An alloy of Fe and NH* 
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k said by Meidinger (C. 0 * 18(J3. 78) to be formed 
when FeSOiAq or FeOl^Aq, to which a con- 
siderable quantity of NH^ClAq has been added, 
is electrolysed by a strong current, the negative 
electrode consisting of a copper wire. 

By electrolysing aqueous solutions of ammo- 
nium salts using carbon electrodes, Bartoli a. 
Papasogli {G, 13,281) obtained beiizenecarboxylio 
acids and a compound of C, 11, 0, and N, re- 
sembling mellogon. 

Of the ammonium compounds we have here 
to consider the bromide^ clihridc, fiuoiidcs, 
iodides, selenides, tcUuride, and sulphides ; the 
others will be considered under the headings 
Carbonates, Nitrates, Sulphates, d-c. The hy- 
droxide, known only in aqueous solution, has 
been already treated of in the art. Ammonia. 

Ammonium bromide. NH,Br. Mol. w. un- 
known ; does not exist as a gas, but is disso- 
ciated by heat into HBr + NHj. S.O. 2 -;j 79 
(Schroder, P. 100, 212). S. G. 2*327 (Edor, 
Sitz. W. 82 (2), 1284). V. D. at 440° to SCO" 24*4 
(Deville and Troost, C. It. 49, 239 ; 00, 881). 
S. (10°) 00*2; (10°) 72; (30°) 81*1; (50°) 94*1; 
(100°) 128*2. S. (alcohol, S.G. *800, 15°) 3*1 ; 
(75°) 10-5. S. (ether S. G. •729)-12 (Eder, Ic.). 
[NH3, HBr]= 45,020; [N, 1T‘, BrJ = 05,348 
(Th. 2, 75). [NH'Br.Aq] = - 4380 (Th. 3, 197). 
B,V.S. 41-7. 

Formation.— 1. By adding IIBr or HBrAq to 
NHj or NII.,Aq, 2. By the action of Br on 
NHjAq; 4Nil,Aq -t- 3Br = 3NH,L!i*Aq + N : on 
evaporation, crystals are obtained. 

Properties and l?cac/ions.— White crystals ; 
soluble in water; the act of solution is attended 
with absorption of much heat. Kx[)Osed to moist 
air turns yellow, and acquires an acid reaction. 
An aqueous solution gives oif ammonia at mode- 
rately low temperatures. 

Troost (C. It. 92, 715) describes three com- 
pounds, NH,Br..TNri3, a;’ = l, 3, and 0, obtained 
by the action of excess of Nllg on warm NH,Br; 
the dissociation-phenomena of these compounds 
have been studied by Itoozeboom (if.T.C.4,3Gl). 

Ammonium chloride. NII^Cl. {Sal ammo- 
niac.) Mol. w. unknown; does not exist as 
gas, but is dissociated by heat into Nil., -f-HCl. 
S.O. 1*62 (Schroder, P. 100, 242). V.D. at 350° = 
14-4, at 1040°= 14*5 (Deville a. Troost, C. It. 49, 
239 ; 66, 891) ; but vapour consists of equal 
volumes of NH, and JICl {v. Peadions, No. 1). 
S.H. (16° to 45°) -373 (Kopp, T. 155, 71), S.H. 
(23° to 100°) -3908 (Neumann, P. 120, 123). C.E. 
(cubical, 0° to 40°) *00018704 (Fizeau, C. R. 64, 
814). S.V.S. 35*2. S. (0°) 28*4 ; (10°) 32*8 ; (110°) 
77*2; S. increases approximately 4*4 parts for 
each 10° (Alluard, C. R. 69, 500). S. (alcohol 
S.G. *939, 8°) 12*6; (56°) 30*1 (Gerardin,^. Gh. 
[4] 6, 129). [NH», HCIJ = 411,900; [NIPAq, 
ECIAq]- 12,270; [N, H‘, 011=75,790 (TA. 2, 
U): p^H’Cl,Aql = -3,880 {Th. 3, 197). 

* (NH^Cl. n 11*0, m H*0] {Th. 3, 109). 

^+m « 25 50 100 200 

10 -87 -121 -129 -129 

„ 25 — - 34 - 42 - 42 

„ 60 — - 8 - 8 

ff 100 — — 0 I 

Occurrence, — In small quantities, in the ' 
neighbourhood of volcwnoes, and in fumaroles ; I 
in some animal seoretions, cjq, saliva. I 


F<yrmatkn^l, By mhdng HOI and NHg in 
equal volumes, 2. By the action of HCl on N 
and H, under the influence of the electric dis- 
charge, or whem heated and quickly cooled (for ' 
details v. Ammonia, Formation, Nos. 1, 2, and 
3).— 3. By the decay, or destructive distillation, 
of various N-containing organic matters. 

The name Sal ammoniacum seems to have 
been given by the earlier chemists to rock-salt ; 
Gcber, probaoly latter part of 8th century, pre- 
pared ammonium chloride from urine and com- 
mon salt ; towards the end of the seventeenth 
century the name Sal ainmo7iiacum came to be 
applied to ammonium chloride. The salt was 
jireparod in Egypt by sublimation from the 
sooty deiiosit obtained by burning camel’s dung. 
The first manufactory of sal ammoniac in 
this country was established at Edinburgh in 
1750. 

Preparation. — Crude ammonium carbonate 
obtained by the dry distillation of bones, horn, 
blood, &c., or gas coal, is decomposed by hot 
milk of lime, and the NH^ produced is led into 
HClAq, the liquid is boiled down, and the crude 
NH^Cl is purified by solution, filtration through 
animal charcoal, re-erystallisation, and sublima- 
tion. For details of preparation of pure NII^Cl 
V. Ammonia, Preparation No. 3. 

Properties.— Pure ammonium chloride is a 
white, inodorous, salt, with a pungent taste; it 
crystallises from aqueous solutionsin small cubes 
or octahedra which gather together into feathery 
masses (v, further, Naumann, J. pr. 50, 11 and 
310). By sublimation and rapid cooling it is 
obtained as a loosely cohering i)owder consisting 
of minute octahedra; the ordinary sublimed salt 
has been partially fused and appears as a semi- 
translucent mass of fibrous crystals. It is very 
tough, and cannot bo powdered ; sal ammoniac 
is best obtained in fine powder by evaporating a 
solution to dryness with constant stirring. It is 
easily soluble in water {v. data at beginning of 
article) ; a cone, aqueous solution boils at 115*8° at 
708 mm. (Alluard, G. R. 59, 500) ; S.G. of cone. 
NH^ClAq containing 20 p.c. Nn,Cl is 1*0752 
(Michel a. Kratft, A. Gh. [3] 41, 471). Tables of 
S.G. of NH,ClAq are given by Gerlach {J. 1859. 
42), and Sclul’f {A. 110, 74). On heating NTI^ClAq 
of 10*0 jj.c. to 37° NII3 is given off in the 
water-vapour (Leeds, Am. S. [3] 7, 197); as 
temperature increases the decomposition of NH,C1 
probably increases also {v. Filtig, A. 128, 189 ; 
Dibbits, B. 5, 820 ; Briicke, J. pr. 104, 181). 

Reactions. — 1. When Nil, Cl is heated it 
vaporises, but the vapour is found to consist of 
HCl and NH, (?;. Pcbal, .1. 123, 199 ; Than, A, 
131, 129 ; Wanklyn, P.M. [4J, 29, 112 ; Wurtz, 

J. 1859. 30 ; Deville a. Troost, C. U. 49, 239 ; 56, 
891 ; Tommasi, B. 14, 353). The density of the 
vapour is 12*9 according to Bineau {A. Gh. [2] 
08, 410) ; li’A at 350°, and tho same at 1040°, 
according to Deville and Troost {G. R. 49, 239 ; 
60, 891). Than (f.c.) has shown that HCl docs 
not combine with NH, at 350° or higher 
temperatures. — 2. NH.,ClAq is decomposed by 
chlorine with formation of HCl and nitrogen 
chloride {q. v,), — 3. Heated with iron, ziftc, or 
better with* potassiu?n, Nil, 01 is docomposed • 
with production of metallic chloride, NHj, and H; 
in presence of air and moisture the reaction 
oeeds rapidly with formation of metallio ohlonde 



Aitmmmt 

or oxychloride and KH,.->4. Many metoMt 
oxides decompose NH4CI with fonnation of ohlo* 
rides, and NH3 ; in some cases— oxides of 
Hg, Pt, An &o.— the chloride combines with a 
portion of the NH4CI to form a double compound. 

6. Alkalim carbomtes decompose NII^Cl when 
heated with volatilisation of ammonium car- 
bonate. Calcium carbomte, especially when 
freshly precipitated, dissolves readily in NlI^ClAq ; 
on heating, ammonium carbonate is evolved. — 
C. Crystallised sodium sulphate partially 
decomposes NH^Cl when the two are mixed 
together by rubbing, NaCl and (NHJ.^SO^ being 
formed and partly dissolving in the water which 
comes from the sodium sulphate crystals. — 

7. Sulphuric anhydride vapour is absorbed by 
powdered Nil, Cl, on warming HCl is evolved 
and SO.JNH2ONH4 is formed ; if water is added ' 
(NH4)aS04 is produced. — 8. The reaction between 
acids and NH.,C1 follows the ordinary course of 
the interaction of acids with salts of other acids. 

Combinations. — 1. NH4CI combines with 
many jnetallic chlorides to form double com- 
pounds ; c.g. PtCl4.2NH4Cl ; ngCl2.2NIl4Cl ; 
CuCl2.2Nn4Cl &c. (v. the several Metals).— 2. 
With an aqueous solution of IC1.„ the compound 
NH4CI.ICI3 is produced (v. Ammonium iodide; 
Reactions, No. 2).— 3. According to Troost {C.R. 
88, 578) when NH4CI is heated with a large excess 
of pure dry ammonia, at least two compounds 
are formed: HCl.dNH,,, melting at 7®; and 
HGI.7NH3, formed at ~ 31° and 750 mm., melting 
at -18°, 

Ammonium fluorides (Marignac, Ann, M, [5] 
15, 221). 

I. Neutral Salt. NH 4F. Mol. w. unknown. 
[NH^Aq, lIPAq] ^ 15,200 [NH^ HFJ = 30,100 
(Guntz, 0. It. 07, 1483). Formation. — 1. IJy ’ 
mixing HF and’NHa.— 2. 13y heating KF or 
NaF with NH^Cl. Preparalion.—l. 13y gently 
heating a dry finely powdered mixture of 1 part 
NH,C1 with 3^ parts KF in a platinum crucible 
covered with a lid, which is kept cold by drop- 
ping water on to it ; the NH,F sublimes on to 
the lid.— 2. Ordinary HFAq is saturated with 
NHgAq, a little (NH4)2C03Aq is added, the clear 
liquid is decanted and evaporated in a platinum 
dish with repeated additions of small pieces of 
solid ammonium carbonate. Properties.— Hexa- 
gonal prisms wdth strong saline taste ; unchanged 
in dry air, but deliquescent in moist air ; easily 
soluble in water, less soluble in alcohol; an 
aqueous solution gives off NHj and acquires an 
acid reaction; the dry salt absorbs NH3 but gives 
it off again on heating; sublimes readily with 
previous fusion ; etches glass, and must be kept 
in platinum, silver, or gutta pcrcha, vessels. Ite- 
actiotis. -l. When moist, or in solution in 
water, NII jF decomposes silicates with formation 
of SiF4 ; the same decomposition is effected by 
tho dry salt by heating it with silict^es.— 2. An 
aqueous solution is decomposed by heat, with 
formation of the acid salt NH4F.HF and evolution 
of NHg {v. infra). 

II. Acid Salt. NH4F.HF. Mol. w. un- 

known. S.G. 1*2 1. Formatio7i,—l. By evapora- 
ting an aqueous solution of NH4F at 3G° to 40° 
in a platiipim dish. — 2. By adding* excess of 
NHgAq to a solution of fluosilioio acid, and 
e\’ aerating ; as thus obtained the salt is mixed 
with silica, OolouriesB prisms; 


easily soluble in watdr; slightly deliquescent; 
easily volatilised, vapour being very acrid. 
Ammonium iodides, 

I. NH4I. Mol. w. unknown ; does not exist 
as gas, but is dissociated by heat into NH, + HL 
S.G.il° 2*498. S.V.S. 68. V.D. (440° to 800°) 
38*8, but vapour consists of equal volumes of 
HI and NHg. [N^ HI] --43,402; [N,HM]=» 
49,313 (P/i.2,75). [NH^Aq] = - 3,650 {Th. 3, 
107). Formation. — 1. By mixing equal volumes 
of III and NH„ or by acting on HIAq with 
NHjAq. — .2. By decomposing FeJ^Aq by 
(NH4)2C03Aq, or BaT Aq by (NH,)^SO,Aq. Pre- 
paration. — 1. Hot saturated solutions of (NH4)2S04 
and KI, equal equivalents, are mixed ; after 
cooling, alcohol equal to 15 p.c. of the water 
used is added; tho liquid is filtered after 12 
hours, and evaporated with addition of a little 
NHgAq from time to time (Jacobseu, C. C. 1864. 
192). — 2. A solution of 27! parts Kl in 48 parts 
HoO is mixed with a solution of 22 parts tartaric 
acid in 48 parts water, the mixture is placed in a 
freezing mixture to separate KHC4H4O3, the 
filtrate is evaporated at 100° with addition of 
a little (NH4)2C03 (Beyer, D. P. J. 171, 467). 
Properties.— Coiom'h.sis cakes, very soluble in 
water and alcohol ; deliquesces in moist air, and 
becomes yellow through separation of I, and loss 
of NH.J ; may be sublimed unchanged in absence 
of air. Reactions . — 1. NH,IAq is easily decom- 
posed by dilute acids ; the solid compound is 
decomposed by dry HCl gas at high temperatures, 
at 300° about ^’jth, at 440° about ,‘th, at a dark 
red heat about ^ths, of tho Nil, I being decom* 
posed (Hautcfcuillc, C. P.64, 701).— 2. Chlorine 
led into saturated NIIJAq produces long, golden- 
yellow, needles of NH,C1.IC1., (Filhol, J. Ph. 
25, 441); this compound is decomposed by 
gentle heating into IC^and NTI,C1. — 3. By heat- 

I ing in ammonia, the compounds NHiI.aNHj 
I T = 1, 3, and 0, are obtained according to 
^ Troost (C. P. 92, 715). 

II. According to Guthrie {C. J. [2] 1, 239) a 
compound of Nil, I wdth I — NHJ.I — is obtained, 
as a brownish-black liquid, soluble in alcohol, 
other, CS.ji, and KIAq, less soluble in CHCI3, when 
I is added in small quantities to a cono. solution 
of NH4NO;, with which ^ equivalent of KOH has 
been mixed. NH,I.I easily separates in dry air 
into Nil., and I ; water or dilute alkali produces 
iodide of nitrogen, NH4I, and HI; mercury acts 
on it to form Hgl. and NH, ; aqueous solutions 
of acids produce Nil, salts and separate I. 

Johnson (C. J. 33, 397) describes a compound 
of NH4I and I the composition of which agrees 
with the formula NHiIg. It is produced by 
adding I to NHJ in presence of a little water 
until no more I dissolves. It forms dark-blue, 
somewhat deliqv ascent, prisms ; S.G. 3*749 ; 
soluble in a little water, decomposed on dilution 
with prccqiitation of I. This compound seems 
to form a double salt with KI, viz. 5NH4IJ.KI, 
obtained by passing NHg into the mother liquor 
from which KIg has separated. 

Ammonium selenides (NH4)2Se, and (NH4)8eH 
(Bineau, A. Ch. [2] 67, 229). Neither has been 
gasified and therefore mol. ws. are unknown, 
NHg has no action on Se, but readily oombinee 
with HjSe ; when excess of NHg is used 2 vols. 
combine with 1 vol. H^Se and produce (NH4)aSe4 
when excess of H,Se is used equal vole, ox the 
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isam oombine and fonb KH^HSe. Tbese oom- 
pounds are white solids which soon tom red by 
exposure to air or when dissolved in oir-oontain- 
ing water ; both smell of NH, and H.Se and appear 
easily to undergo change; their aqueous solu- 
tions probably contain polysclenidcs although 
none of those has been isolated ; the products 
of the distillation of K.Se with NH^Cl probably 
a,lso contain ammonium polyselenides. 

Araiaonium telluride NH,.HTe. White leaf- 
shaped crystals ; easil/ soluble in ^Yater, vola- 
tilised at 80^. Formed by tlie direct union of 
NH3 and n,Te (Bincau, A. Ch. [2] 67, 220). 

Ammonium sulphides, and Sulphydrate or 
Hydrosulphide. Five solid sulphides, and a 
hydrosulphidc, of ammonium are known ; their 
compositions aro expressed by the formulra 

NH,HS, (Nn,),S, 

S^; none of those exists in the gaseous 
state ; the first and second, which have been more 
studied than the others, are dissociated by heat, 
into NHg + H.^S, and 2NH3 + ILS, ics])ectively. 
All the ammonium sulphides arc soluble in water, 
they very easily undergo change at ordinary tem- 
peratures, usually giving off Nil.,, and ILS which 
is often partly decomposed with precipitation of 
8. They aro all decomposed by dilute acids 
with precipitation of white amorphous 8, evolu- 
tion of H.S, and formation of an ammonium salt 
of the reacting acid. These sulphides act as 
salt-forming or basic compounds towards such 
acidic sulphides as As.^Sj, As.S;^, Sb^S^ &c. (v. 
infra: also Ausenic, and Antimony, tuio-acids). 
According to Berzelius any one of the ammo- 
nium sulphides, except (NH^)^,S7, can be iire- 
pared by gently heating the corresponding sul- 
phide of potassium wdth sal ammoniac; in every 
case except that of the NH^Cl must be in 
excess, else part of the ammonium sulphide 
formed is decomposed with production of B (Nllj 
and H) which combines with the potassium sul- 
phide to form K^S;,. Little or nothing is known 
of the physical constants of these compounds ; 
the following thermal data are given, but, by 
reason of tlic instability of the sulphides and 
the indirect methods by which the numbers have 
been obtained, they must be accepted with cau- 
tion 


H.F. of solid. s from gaseous N and H, and solid S. 


(NH,), S.. = 60,000 
(Nllj, S, = 60,600 


I (Sabatier, C. R. 01, 53) 


S, = 60,400 (Sabatier, A. Ch. [5J 22, 73). 


The telra- and peiita-sulphidc dissolve in 
water with absorption of about 8,000 gram-units 
of heat per formula-weight of the sulphide. 

The sulphides of ammonium have been 
studied chiefly by Fritzscho {J, ^r. 24, 460; 
82, 313). I 

Preparation. — ^NH^HS is prepared by the 
reaction of equal volumes of NH3 and H^S at tho 
ordinary temperature, or at temperatures not 
lower than -10°, An aqueous solution of NH, IIS 
is obtained by saturating NHjAq with HjS in 
aosence of air. 

(NH,),,S is prepared by cooling a mixture of 
2 vols. NH3 and 1 vol. H„S to -18° ; or by dis- 
tilling K^S with excess of NH.Cl and cooling the 
distillate to -18°. 

(NiI,)..S2 is obtained by passing vapour of S 
and of NH4OI through a hot porcelain tube and 
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Bolmtion may be prepamS by dissolving S in 
(^4)48 Aq in the proportion (NHJjSiS. 

(NHJjSft! when NH^HSAq (v. supra) is di- 
gested with S, the solution saturated with 
and then with H^S, more S added, and saturation 
with NHg and then with H.^S repeated, the whole 
liquid sets to a crystalline mass ; if this is heated 
to 40°--50° a clear liquid is produced from which, 
on gradual cooling, large crystals of 
separate out. 

(NIIJ.,S^: if the mother liquor from the 
crystals of (NHJ.;Sq is surrounded by a freezing 
mixture, and treated first with NH, and then 
with H.S a crystalline magma is formed; on 
warming a clear liquid is produced from which 
crystals of (NIIjl.jS, arc deposited. 

(NH,).^S, is obtained by tho gradual decom- 
position of (NH,)._.S3 in dry, slightly warm, air; 
it is also formed when a solution of (NH,).^S3 in 
its mother liquor {v. supra) is placed under a 
large bell jar for some time. 

Properties and llcactions. — NH,SH ; hard, 
white, plates or needles ; very soluble in water, 
and easily volatilised. V.D. at 56° 12-8, which 
corresponds with equal vols. of II-.S and NH, 
(Oevillo a. Troost, G. li. 56, 8!)1). Aqueous solu- 
tion is colourless, but soon changes in air from 
absorption of 0, which decomposes a part of 
the NHjHS with formation of JI.O, NH,, and S ; 
some of the S acts on the remaining NH^HS to 
form (NH,).^S., another part of the S is oxidised 
to ILSd);„ and a portion of it is usually de- 
posited, This process proceeds if exposure to 
air is prolonged; the (NH,),^S.^ is slowly decom- 
posed, until finally a solution of (NII^).2S203 in 
NH.,Aq, mixed with solid S, is tho result. 
NIljllSAq reacts with most metallic salts in 
solution to form sulphides of the metals ; it also 
reacts with acidic metallic sulphides to form 
ammonium thio-salts, with evolution of II., S, 
e.g. As, S3 + 2NH,SHAq = 2NII,AsS,Aq + ILS 
(v. Auhenic, titto-acius or). 

(NHJnS: wliiti', lustrous, crystals; easily soluble 
in water, forming a colourless liquid which easily 
decomposes with evolution of NHg and formation 
of NH,HS. V.D. 18-2 (calculated for 2 vols. 
NHg + .1 vol. H,S = 17-0) (Devilic a. Troost, 
C. Ji. 56, 8yi). lieacts as a strongly marked 
base towards acidic sulphides to form ammonium 
thio-salts. 

(NIIJ.S^: sulphur-yellow crystals, easily 
soluble in water and alcohol. Stable only in^ an 
atmosphere Scaturated with NH, and H^S ; easily 
decomijosed in air with evolution of NH, and 
H._,S. A saturated aqueous solution is fairly 
stable ; more dilute solutions, and solutions in 
alcohol, soon precipitate 8. When heated, 
NHjHS and S are formed. 

(NHJ.^,S5 : orango-rod prismatic crystals, 
easily soluble in water and alcohol. These 
solutions *are very unstable, decomposing into 
(NHJgS., S, H.S, and NH„ and after some time 
also (NH J.B^Og. In dry air the crystals give off 
NH3 and NH4HS and are changed into (NHJgS,. 

(NEJ-jS, : ruby-red crystals, much more 
stable than any of the lower sulphides ; decom- 
posed af about 300° ; soluble in water forming a 
fairly stable liquid which is only i^owly deceit 
posed by HOlAq. 

The liquid known as fimi 4 ng Uguor of BoyU^ 
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or volatik Um o/sttJphurt otktefly eorisliiti ol 
mixture, of various ammonium polysulphides ; 
ot>tained by distilling a mixture of 1 part S, 
2 parts NH 4 CI, and 3 parts GaO. It is a dark 

S bUow, strongly smelling, and strongly fuming, 
quid. It dissolves sulphur and then no longer 
fumes in air. 

Ammonia reacts with many metallic salts 
to form compounds, several of which behave as 
if they were derivatives of ammonium chloride, 
sulphate, &c., rather than double compounds of 
ammonia with the metallic salts in question. 
Thus NH, and PtCla form the crystalline com- 
pound PtClo. 4 NIl 3 ; by the action of ILSO., on 
this, HCl is evolved, and there is produced 
PtS 04 . 4 NHj; decomposed by Ba(OH)aAq this 
compound yields Pt{OH) 2 . 4 NHg, which loses H ,0 
when heated, with production of Pt0.4NH.,. The 
compound Pt(OH) 2 . 4 NHa is a markedly alkaline 
body, resembling NaOII or KOIl ; it neutral- 
ises 2 equivalents of a monobasic acid. The 
compounds PtCL. 4 ]N[H 3 , PtS 04 . 4 NHg, and 
Pt(OII) 2 . 4 NH 3 , can scarcely be regarded as double 
compounds of ammonia and platinum salts ; 
their reactions are better suggested by supposing 
them to be derivatives of ammonium compounds, 
obtained by replacing part of the hydrogen by 
latinum. The nam e pi a t i n a m m 0 n i u m has 
een given to the hypothetical radicle 

The chloride of this radicle would be NgH^PtClj ; 
if two hydrogen atoms in the group N 2 lI(iPt are 
supposed to be replaced by two ammonium 
groups (NH,) we get the hypothetical radicle am- 
monium- pi at inammonium N 2 ni(Nn,).Pt. 
The compounds PtClj.dNHj, PtS 04 . 4 NIl 3 , 
and Pt(OH).^. 4 NH 3 may be regarded as com- 
pounds of this radicle; thus N„n 4 (Nn.j).,Pt.CL, 
N 2 H 4 (NH,,) 2 Pt.S 04 , N2ll4(Nn,),rt.(OII)... ' 
Compounds are obtained by the action of 
NHjAq on llg.^CL and HgCl.^, respectively, which 
have the composition Ilg.jNJI.Cl and IlgNILCl; 
these react as derivatives of Nil, Cl in which IL 
is replaced by Hg.^ and by Hg, respectively. The 
name mercuro -ammonium is sometimes 
given to the hypothetical radicle NHJTg.., and 
the name mercuri-ammonium to the hypo- 
thetical radicle NII.^Hg. 

A great many bodies are known the reactions 
and relations of which can ho gathered logctlier 
into one point of view by considering them as 
compounds of various hypothetical radicles de- 
rived from Nyllg, Ac., hy rcphico- 

ment of part of the hydrogen by various metals. 
These compounds will be described under the 
headings of the various metals (y. more par- 
ticularly the ClIROM-AMMnNIUM-,COnM,T-AMMOXn:M-, 
COPPER-AMMONIUM-, MEUCORV-AMMONIUM-, aiul PEA- 
TiNUJi'AMMONiUM-, COMPOUNUS ; im tho articles 

Chromium, Codai<t, Copper, Mercury, and Pla- 
tinum respectively). 

Ammonium salts, i.e. derivatives of acids 
obtained by replacing H by the group Nil,, 
are described under the various headings 

CARBONATES, NITRATES, SULPHATES, ^C. &Q, The 

principal salts are the following :—Anti- 
momte;' arsenate, arsenite; borate; bromate, 
dc,; carbamate; carbonates; chlorates, chlorite, 
dc»; chromates; eyanaies; cyanide; v}date,per‘ 


iodate, f mlyddatesf nOrate, nitrite, 
phosphates; selenite, dc,; silicates ; sulphamate^ 
dc.; sulphates, sulphites, dc,; tanlalate; tellu- 
rates ; thioarsenates, thiocyanates, thiosulphates, 
dc. For an account of the general properties of 
these salts v, beginning of present article. 

M. M. P. M. 

AMOXT-. Contraction for amyl derivative 
of OXY-. 

AMYDECI^LENIC ACID v. Decenoio acid. 

AMYGDALIC ACIii C 2 flH 2 „ 0,2 or C 20 H 28 O,,, 
Formed by boiling' amygdalin with baryta. Deli- 
quescent crystallhiO mass, insol. alcohol, and 
ether. By boiling with K.SO 4 and MnOj it 
yields formic acid, C0.„ and benzoic aldehyde 
(Liebig a. Wohler, A.22', 11 ; 60, 240 ; Schiflf, A. 
154, 318). 

Acetyl derivatives C,oH, 4 Ac 40 t, and 
C2oH2,Ac,0.3 (S.). 

AMYGDALIN C 2 „IIo,NO„ 3aq. [200'^]; after 
solidifying it melts at liio^-ldO'^ (Wbhler, A, 41, 
155). Mol. w. 611. S. 8-6 atm [a] = 35*5^ 

Occurrence.— In bitter almonds (Robiquet a. 
Boutron, A. Ch. [ 2 ] 44, 352) ; to a small extent 
in sweet almonds ; in laurel leaves {Cerastis 
lauro-cerastis) ; in the leaves, blossoms, and 
bark of the birdcherry {Primus padns) ; in young 
shoots of the apple tree ; and in the kernels of 
apples, jjears, and peaches (llicgel, A. 48, 361; 
Wickc, A. 79, 79 ; 81, 241 ; Lehmann, N. B, P. 
23, 440). 

Preparai ion,— The almond-cako from which 
the fatty oil of almonds has been removed by 
pressure is extracted with boiling alcohol ; tho 
filtrate is concentrated and tho amygdalin ppd. 
by ether. 

Properties. — White pearly scales or thin 
prisms (from water). Insol. ether. 

lieactions. — 1. Under the influence of emul- 
sin or of boiling dilute H.JSO 4 it is split up 
into benzoic aldehyde, prussic acid, and glucose 
(Liebig a. Wohler, A. 22, 17) : 

C.,oH.,,NO„ -}- 211., 0 = C,H,0 + CNH + 2C,H,20,.— 

2. KMnO, forms cyanic and bcjizoic acids. — 

3. Potash or baryta form amygdalic acid. — 4. 
Cone. HCl gives mandclio acid, glucose, and _ 
NT la. — 5. PCI 3 gives CyCl and benzylidene 
chloride.— 6 . Zn and dilute hydrochloric acid 
give CJI,.CH.,.CH.,.NH.. (Fileti, B. 12, 297). 

Acetyl derivative C.,„lI,„Ac,NO,i. Long 
noodles (from alcohol) ; iiisol, water (Schiff; A» 
154, 338). 

Amorplmis amyydalin has been described 
by Winckler {B. J, 20 , 428), Neumann {B. J, 23, 
503), Simon (il. 31, 203), andLchmann {loc. cit), 

AMYL C^H,i. Pentyl. A monovalent basyl* 
ous radicle which can occur in eight forms ; 
9i.amyl, CH3.CH.,.CH.,.CH,..C1L ; 
i50-butyl-carbii«vl (Cn,),.CH.Cn...Cn,. ; 
sec-butyl carbiuyl, (CI1,)CH(C.,HJ.CH2 ; 
tcrt-butyl-carbliiyl (Cl.l 2 ).jC.CIL ; 
methyl-»-propyl-carbinyl,CH 3 .Cn 2 .CH. 2 C(CH 8 )H: 
methyl-isopropyl-carbinyl, (CHa) 2 CH.C(CHj)H; 
di-ethyl-carbinyl (C 2 H 3 ) 2 CH ; 
and di-methyl-ethyl-carbinyl (CH 3 ) 2 ( 05 H 3 ) 0 . 
Ordinary amyl alcohol is a mixture of iso-butyl- 
carbinol and sec-butyl oarbinol, and it is from 
this mixture that most of the amyl compounds 
have been prepared. The term ‘iso-amyU com- 
pounds will, for the sake of brevity, be used in 
this dictionary to denote the mixture of amyf 
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oompomids prepared from tbis0oiirde. Inasmaoh 
as the proportion ol the two constituents of 
‘isoamyl* alcohol varies with its source, ‘iso- 
amyl ’ compounds prepared by different chemists 
can hardly be expected to possess identical 
physical characters. Amyl derivatives of hy- 
droxylio carbon compounds are described under, 
the compounds of which they are the ethers. 
Di-amyl (CJI,,)., or 0,oH..o v. Decane. 
AMYL-ACETYLENE y. liEriiNENK. 

AMYL ALDEHYDE v. Valeric aldehyde. 
AMYL ACETATES Pentyl acetates. 

Mol. w. 130. 

Preparation. — Similar to that of ethyl 
acetate, p. 14. 

w-Amyl acetate. (147’0°) (Gartenmeister, 
A. 233, 2G0) ; (148*4°) at 737 mm. (Liebcn a. 
Eossi, A. 159, 74). S.G. g *8918 ; *8774 (G.). 

C.E. (0°-10°) *00106 (G.). S.V. 173*8 (G.). 
Prepared from 7i-amyl iodide and silver acetate. 

Iso-amyl acetate. (137*6°) at 745 mm.; 
(138*9°) (li. Schiff, A. 220, 110). S.G. *8762 
<Mendel6eff, J. 1860, 7); f *8561 (Briihl). 
fifi 1*4088 (B.). Kx 59*7 (B.) S.V. 174*6 (S.). 
Is largely used as a flavouring agent to imitate 
jargonelle pears. 

Methyl-propyl-carbinyl acetate. (133°-135°) 
(Wurtz, A. 148, 132); (134®-137°) (Schorlem- 
mer, A. 161, 269). S.G. *922 (W.). 

Methyl -isopropyl -carbinyl acetate. (125°) 
(Wurtz, A. 129, 367). 

Di-ethyl-carbinyl acetate. (132°) at 741mm. 
S.G. 2 *909 (Wagner a. Saytzeff, A. 175, 300). 

Tert-amyl acetate. (124°) at 750 mm. 
S.G. 2 -891 (Flawitzky, A. 179, 348). Decom- 
posed by heat into amylcne and acetic acid 
(Menschutkin, C. It. 95, 648). 

AMYL ALCOHOLS Mol. w. 88. 

Theory indicates 8 amyl alcohols (y. Amyl), viz. : 

4 primary, 3 secondary, and 1 tertiary. One of 
these, tert-butyl carbinol, is unknown. 

?i.Amyl alcohol CIl3.CH2.CII,.CH2.CII,.OH. 
(137°) at 740 mm. (Lieben a. liossi, C. U. 71, 
870) ; (137*9° i. V.) (Zander, A. 224, 81). 
S.G. 2 -8282 (Z.). C.E. (0°-10°) *00091 (Z.) 
S.V. 123*4 (Z.). 

Occwrence . — In fusel oil (Wyschnegradsky, 
A. 190, 350). 

Formatioji. — 1. From 7i-valeric aldehyde and 
sodium amalgam (L. a. E,).— 2. From 7i-amyl 
chloride (Schoricmraer, A. 161, 268). 

Inactive amyl alcohol 

(OH3)2CH.CIl2.CH..OH. (130*5°-131*2°) (Lacho- 
wicz, A. 220, ih); (131*5° cor.) (Perkin). 
‘S.G. II *8135 ; *8078 (P.). M.M. 6*959 at 

18*6° (P.), Fusel oil is a mixture of active and 
inactive amyl alcohol ; they can be more or 
less separated either by passing HCl into the 
boiling alcohol, when the inactive alcohol is 
converted into amyl chloride more readily than 
its isomeride (Le Bel.C. 11. 77, 1021) ; or by means 
^•of the barium salts of the two amyl-sulphuric 
acids, CjIIiiSO^II, the active salt being the 
more soluble in water (Pasteur, C. B. 41, 296). 
The simplest way to obtain an inactive amyl 
aJcohol is carefully to fractionate fusel oil (L.). 
The same alcohol can bo prepared from iso- 
butyl alcohol by converting it first into valeric i 
KJia (Balbiano, O. 6, 229). I 

Jeo^amyl alcohol. I 

mi^on of (Oiy,CEOH,OH,OH and| 


(CH,)OH(0,ByciH,OH. VtnnmtaHm amyl 
alcdHol, Fttsel oU. [c.— 184®] (Olszewski. 
31. B, 128). (lB0-6“-181®) (B. Sohiff, A. 220, 
102 ). 8.0. -aiOi (BruU, A. 203, 23). S.H. 
•679 (Diaoonoft, SI. [2] 38, 172). LaUnt heat 
of vaporisation 123*8 (D.). S. 2*5 at 16°, 
H.F.p. 74,890 (Thomsen). H.F.v. 71,700 (T.). 

1*4124. Koo 43*08. S.V. 122*7 (S.). Critical 
temperature 307° (Pawlewski, B. 16, 2634). 

Occwrre^ice.— Formed in small quantity in 
the alcoholic fermentation of saccharine liquids. 
Isoamyl angelate and isoamyl tiglato occur in 
lioman oil of chamomile (Kobig, A. 195 99). 

Properties. — Poisonous liquid with powerful 
odour. Its detection in alcohol is described on 
p. 96. It burns with smoky flame. 

Decomposition. — 1. Its vapour led through a 
red-hot tube produces acetylene, ethylene, propy- 
lene, and butylene (Wurtz, A. 104, 212). — 2. 
S..C1,, gives amyl chloride and amyl sulphite 
(Carius a. Fries, A. 109, 1).— 3. PCI3 and PCI, 
form amyl chloride. — 4. Potash-lime at 220° 
gives hydrogen and polassic valerate. — 6. ZnClj 
produces amylcne ((/. v.). Hot H.SO^ and P.^O, 
act similarly.— 6. Poured upon bleaching powder^ 
it roads in loss than an hour; the distillate 
dccomi)oscs with evolution of Cl. and HCl, and 
then contains amyl alcohol, valeric aldehyde, 
and amyl valerate (Goldberg, J.pr. [2J 24, 116). 

Compounds. — (C,H,,D)^,SnCl4. Deliquescent 
crystalline plates, decomposed by water (J5auer 
a. Klein, A. 147, 240).— C,H,,0,SbCl,.- Crystal- 
line. — (C5lI,.D)3CaC]2 (Heindl, M. 2, 209). 

Sodic am n late, C3TIj,NaO,2CJIn.O (Froh- 
lich, A. 202, 295). At 165° it combines with 
CO forming sodic isovalerato and the sodium 
salt of an acid CioIIjbOj. CO passed over a mix- 
ture of NaOCj,H,j and NaOAo at 180° produces 
sodic formate and tho sodium salts of a variety 
of acids, the principal being iso-hoptoio acid 
{q. V.) formed by substitution of H of acetic acid 
by CjII,!. Another product is oxy-vinyl-hcptoic 
or oxy-ennenoio acid (q.v.). An acid crystallising 
in needles Cj,H,g04 [139°] is also formed; its 
empirical formula is that of di-acetyl-heptoio 
acid (Poctsch, A. 218, 56). 

Potassium amylate CjHjiOK. White 
silky crystals (de Forcrand, C. li. 104, 08). 

Thallium amylate C,n,iOTl. S.G. 2*5. 
An oil obtained by heating thallium ethylate 
with amyl alcohol. 

Aluminitim Al(OC,H,,)3. [70°j. 

S.G.^ *9801. Formed by action of AH, and 
iodine (Gladstone a. Tribe, C. J. 39, 7; v. 
Aluminium Iodide, p. 148). 

Active amyl alcohol CEtMeH-CH^OH. (128°) 
(Pedler, A. 147, 243) ; (127°-128°) (Just, A. 220, 
149). ao -2*3° (J.); -4*4° (Lo Bel ; Pierre a. 
Puchot). 

Occurrence.— In. fermentation amyl alcohol, 
which is thus tendered more or less Itevorotatory, 

Preparation.— Desciibedi under inactive amyl 
alcohol. 

Properties. — In a sample for which a was 
only - 1*14°. Perkin {C. J. 45, 470) found S.G. 
If *8150; II -8091 ; and M.M. 5*94 at 20° A rota- 
tion ofmorejhan 4*4° to the left (in a tube 100 
mm. long) haa been observed by Ley Xl‘5°), 
and by Podlcr (—8*6°). 

Reactions. — 1 . A dilute solution mixed with 
yoasly pitUoillkm glaucumy and a liiile H 18 O 4 
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becomes dextrorotatory. The new dextro* 
rotatory amyl alcohol forms a levorotatory 
iodide (Le Bel, Bl. 31, 104).— 2. On oxidation it 
yields a dextrorotatory valeric acid, boiling at 
170° (Pedler). — 3. Hot NaOH renders it inactive. 

References.— Ve&iem, C. B. 41, 206; A. 06, 
265 ; Popoff , B. 6, 660 ; Ley, B. 6, 1362 ; Erlcn- 
meyer a. Hell, A. 160, 267 ; Pierre a. Puchot, 
C. B. 76, 1332 ; Bakhoven, J. pr. [2J 8, 272 ; 
Le Bel, B. C, 70 ; 0, 368, 732 ; G. 11. 82, 562 ; 
Bl. 26, 645 ; Pedler, A, 147, 243 ; Chapman a. 
ymith, 17, 308. 

Methyl-w-propyl-carbinol Pr.CMeH.OH 
(119°). S.a.2-824. S. 13*7. 

Formation. — 1. From its iodide.— 2. By re- 
ducing methyl propyl ketone with sodium- 
amalgam (Belohoubck, B. 9, 924). So prepared 
it is inactive, but if it be dissolved in 20 pts. 
water and penicillium glawum bo introduced, it 
becomes loevorotatory (a -5-5°) (LoBel, C. B. 89, 
312). — 3. From acetyl chloride and zinc propyl 
(Markownikoff, Bl. [2] 41, 259). 

Bcactions. — 1. Oxidation gives methyl propyl 
ketone. — 2. Gives the iodoform reaction. 

Methyl-isopropyl-carbinol. Pr.ClMoH.OH. 
(113°). S.G. 2 -833 (Wischnegradsky, .4. 190, 3.38). 

Formation. — 1. From methyl isopropyl ke- 
tone with sodium-amalgam (Miinch, A. 180, 
339). — 2. By adding water to the product of the 
action of zinc methido on bromo-acetyl bromide 
(Winogradolt, A, 191, 125), or chloro-acetyl 
Chloride (Bogomoletz, A. 209, 86 ; Bl [2] 34, 330). 

Bcactions. — 1. Conc.lLSO^ forms tri-mcthyl- 
etliylene, Me.^C;CMeH, which may be converted 
by warm cone. HI into the iodide of tertiary 
amyl alcohol. — 2. Oxidation gives methyl iso- 
propyl ketone, acetone, acetic acid, and COy — 
3. POI4 forms a chloride (87°). 

Di-ethyl carbinol Et.OH.OH. (117°). S.G.2 
•832. Formed by adding water to the product of 
the action of zinc ethide on ethyl formate 
(Wagner a. Saytzcll, A. 175, 351). The first 
reaction may be written HCO.OEt-t-2ZnEt..= 
HCEt(OZnEt)Et -f ZnEt(OEt). Water then d'is- 
places OZnEt by OH. It gives di-cthyl ketone 
on oxidation. 

Tertiary amyl alcohol Et.CMoo.OH. 
Bi-metliyl-etliyl-carhinol. AmijUnc hydrate. 
[-12°]. (102° cor.) (Perkin, C. J. 46, 471). 

S.G. if *8144; |f *8070 (P.). M.M. 5-99 at 
19°. H.F.p. 84,610. H.F.V. 81,320 {Th.). 
S.V. 121*3 (R. Schiff, A. 220, 102). 

Fonnation. — 1. From tertiary amyl iodide 
(g. 0.). — 2. From zinc mothide and propionyl 
chloride (Popoff, A. 115, 292 ; Jermolajeff, Z, 
1871, 275 ; Wyschnegradsky, A. 190, 336). 

Preparation. — Amylene (1 vol.), prepared 
from ordinary amyl alcohol, is shaken with an 
ice-cold mixture of water (1 vol.) and H^SO^ 
(1 vol.). ^ 

Beactiorts.—l. On oxidation it gives rise to 
acetone and acetic acid.— 2. When introduced 
into the stomach (of a rabbit) it is excreted as a 
glycuronate, 0„IIaoO„ which is split up by acids 
into the alcohol and glyouronic acid (Thierfelder 
a* Mering, JI. 9, 515). — 3. Slowly decomposed 
by heat at 2^0° into HjO and amylene ,♦ this de- 
composition *does not take place unless traces 
of HOI or HI axe present (Wolkoff a. Boug-aieff, 
/. B. 1886, 876). 


JJCTUXINSS 
Normal Amylamlne 
OH,.CH2.C^.OH2.CH2.NHa (103°). 

Formation. — From the amide of normal hexoio 
acid by the action of bromine and potash (Hof- 
mann, B. 15, 770). A mixture of 1 mol. pro- 
portion amide and 1 mol. bromine is run into 
excess cf 10 p.c. solution of potash at 60°. 

Amylamines fbom Amyl Alcouol of Fer- 
mentation ; — 

Ordinary Amylamino* 

(CIl3),.CH.GH,.CIP..NH2 (95°-90°). S.G. IS -7603. 

5. V. 126*84 (Schiff). 

Foy'mation. — 1. Amyl cyanate or oyanurate 
with potash (Wurtz, A. Oh. [3] 30, 447 ; Brazier 
and Gosslcth, A. 75, 252). — 2. Dry distillation of 
animal substances (Anderson, A. 105, 335). — 
3. Dry distillation of Icucino (Schwanert, A. 102, 
225). -4. Amylsulphate of potassium with alco- 
holic ammonia at 250° (Berthelot, A. 87, 372). — 

6. Distillation of horn witli aqueous potash 
(Limpricht, A. 101, 296).— 6. Caustic potash on 
llannel (Gr. Williams, Chem. Gaz., 1858, 310). — 

7. Amide of isohexoic acid (isobutylacetamide) 
with bromine and aqueous potash (Hofmann, B. 
15, 770). — 8. In the decomposition of yeast 
(Muller, J. 1857, 403). 

Preparation . — Amyl bromide is heated to 
100° with alcoholic ammonia in large excess, 
the alcohol evaporated and the residual hydro- 
bromides decomposed with potash. The oily 
layer which consists of mono-, di-, and some 
tri-, amylamino, is dried with caustic baryta and 
fractionated. Or, potassium amyl sulphate is 
distilled with potassium cyanate ; the resulting 
amyl cyanate and cyanurato distilled with 
strong potash ; the distillate neutralised with 
hydrio chloride, evaporated and crystallised; 
and the amylamine obtained by distilliiig the 
hydrochloride with lime (Wurtz; Silva, Hi. [2] 

8. 363). 

Properties. — Colourless liquid, miscible with 
water and alcohol. 

Reactions.— 1. Oxidised by chromic acid to 
isovaleric acid (Chapman a. Thorpe, A. 142, 
177).— 2. With ClCO.jEt yields ethyl-arayl-car- 
bamate, CjHjiNHCO^Et (amylurethane) (Custer, 
B. 12, 1329). 

Salts.— BlICl: scales; sol. alcohol. — 
B'^H^PtClrt : scales ; sol. hot water, insol. alcohol. 
— Auroohlorido : scales. 

Combination.— "With carbonic disulphide it 
forms C"H*«N-S*(2C*II‘‘'N-f CS-) white shining 
scales, insol. water and ether, sol. alcohol 
(Hofmann, C. J. 13, 60). 

Active Amylamine. — The amyl amines ob- 
tained from active amyl alcohol, probably 
(C.JI,)(CH3)CH.C1^0II (Erlcnmcyeu ; v. Amyl 
.VLcojioLs; Sauer, JJ. 8, 1037), are optically active, 
and their salts arc much more difiicult to crys- 
talliso than are those of the corresponding 
inactive compounds (Plimpton, G. J. 39, 332). 
Amylamine from alcohol rotating 4° for 10 cm. 
rotated 3° 30' to the left; (96°-97°); S.G.® ^ 
•7725. — Hydrochloride', deliquescent; feebly 
dextrogyrate. — P latino -chloride : scales; sol. 
hot water, S. 2*4atl4°. — Aurochloride : sol. 
alcohol; separates on slow evaporation in 
lozenge-shaped crystals with the acute angle! 
truncated. 
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ohloride. (96«»-97®). S.G.J ‘7678 ; *7601. 

^HydrochloridBi otystalliBea well.— Pla- 
Hnochloride S. 1*7 at 14^: scales.— i4 tiro- 
es loride: sol. alcohol; lozengo-shaped crystals 
with one acute angle truncated. 

Diamylamine (180^-187'’). 

S.a.fi -7825 (Silva). 

Formation. — 1. From ord. amylamine and 
ord. amyl bromide (Hofipann, -4.79, 21).— 2. From 
amyl cyanide and potash (Silva, Z. 1867, 457). 
8. From amyl bromide and alcoholic ammonia 
(Custer, B. 12, 1329 ; Plimpton, C. J. 39, 332 ; 
Bell, B. 10, 1867). — 4. From amyl chloride and 
aqueous NH3 at 140'^- 165^ (Mallot, C. B. 104, 
998).— 5. From the nitroso-compound (Custer, 
B. i2, 1333). 

Fropcrlies.—Oily liquid ; el. sol. water. Re- 
acts with CLCOjEt yielding diamyluretliauo 
(Custer). 

Salts. — B'HCl: laminm; crystallises well 
from hot water.— (B'HCl)..PtCl^ : sol. alcohol, si. 
sol. water. Auro-chloride: sol. alcohol, insol. 
water. 

Active Di-amylamine. (182®-184°). S.G.”- 
*7878. From active amyl bromide. ( V. active 
amylamine) (Plimpton, loc. cit.) Dextrorotatory 
(5° 15' for 10 cm.). 

Hydrochloride : soluble in water, alcohol, 
and ether. Much more soluble in cold water 
than the inactive salt. Solution rotates to the 
right. Platinochloride : sol. alcohol, insol. 
water. Crystallises from dilute alcohol in 
octahedrons. Aurozhloride : insol. water, 
sol. alcohol. 

Inactive Di - amylamine. (18C°-187'^). 
S.G. $ *7878 ; Y '7770. From inactive amyl 
chloride (Plimpton). 

Hydrochloride: lamina); rotates when 
thrown on the surface of water. Insol. other.— 
Platinochloride : sol. alcohol, insol. water. 
Crystallises easily from dilute alcohol in 
rfectangular prisms. 

Triamylamine (C,n,,)3N. (237'’). From 
diamylamine and amyl bromide or from amyl 
.bromide and ammonia (Hofmann, A. 79, 22). 
Amyl cyanatc and potash (Silva, Z. 1807, 458). 
Oily liquid, insol. water. 

Salts. — B'HCl : crystalline mass with 
lustre of mother-of-pearl. Platinochloride: 
rhombic prisms ; insol. water, sol. alcohol. 

Active Triamylamine. (230 -- 237°). 

S.G. Y *7964. Prepared from active amyl 
bromide (3°) and active diamylamine (5° 15'). 
Rotates 44° 15' to the right for 10 cm. (Plimpton, 
he. cit.). 

Hydrochloride : syrup which solidifies 
over sulphuric acid. Solution strongly dextro- 
gyrate. ^ 

Aurochloride: needles; insol. water, sol. 
alcohol. 

Inactive Triamylamine. (237°). S.G.Y'783. 
?rom inactive amyl chloride and ammonia. 
^'Hydrochloride: crystallises from water 
n prismatic needles, from ether in pearly 

wales. — Aurochloride: needles; sol. alcohol, 
inactive triamylamine may bo separated from 
nactive diamylamine by treating the hydro- 
ihlorides with ether which dissolves the triamyl- 
tmine salt. 


Iodide (CjHiihNI. ftom or&utry amyl 
iodide and triamylamine or amyl iodide and 
ammonia (Hofmann, 0. Jl 4, 816). The mixture 
of triamylamine and amyl iodide is boiled and 
after three or four days solidifies on cooling 
into an unctuous crystalline mass. Monoolinio 
lamin» (Lang, J. 1867, 491). Dissolve® 
sparingly m water forming an extremely bitter 
solution from which it is ppd. in a crystalline 
form by alkalis. Boiled with silver oxide it. 
yields a very bitter alkaline solution of 
Tetramylammonium hydroxide. On 
mixing the liquid with potash or on concentra- 
ting, the hydroxide separates as an oily layer,, 
which gradually solidifies. By evaporating a- 
solution ot‘ the hydroxide in an atmosphere free 
from carbonic acid, crystals containing several 
molecules of water are obtained. When heated, 
these crystals melt and give off water, tri- 
amylamine, and a hydrocarbon which is pro- 
bably amylcno. 

(CiH,,)^NCl : lamina) with palm-liko ramifi- 
cations. — ((CJIj,)^NCl)3PtCl, ; orange - yellow 
needles. — SiUi)hate: long capillary threads.— 
Nitrate: needles, — Oxalate: large deli- 
quescent plates. 

Amylamine. Corresponding to methyl pro- 
pyl carbinol. (CH3)(C3H.-)CHNH3. (89°-91°). 
By reduction of methyl propyl ketone phenyl 
hydrazide in alcoholic solution with sodium, 
amalgain and acetic acid (Tafel, B. 19, 1924). 
Mobile liquid, smelling strongly ammouiacal^ 
miscible with water, alcohol, and other. 

Hydrochloride : silky needles. — 
Platinochloride: yellow needles ; sol. water 
and hot alcohol, less so in cold al(5oho]. — 
Oxalate: crystallises from hot alcohol in scales. 

Tertiary amylamine. (OH3),(C.>H,)CNH.,. 
(77’5°-78°). S.G, - *7611 ; 15^ •7475. Formerly 
considered to bo (CH.,).,CH(CH3)CHNH3 on 
account of its formation from the cyanato 
corresponding to Wuvtz’s amylene hydriodido 
and amylono hydrate', then regarded as iso- 
propyl-methyl carbinol, and now shown to bo di- 
methyl-ethyl carbinol (Flavitzky, A. 179, 310). 

Formation, — 1. From pseudoamylurca and 
strong potash (Wiirtz, Bl. [2] 7, 143).— 2. By 
the action of dimethyl ethyl carbinol iodide on 
the cyanides of potassium and mercury, and 
treatment of the nitrile so obtained with hydrio 
chloride (Wyschnogradsky, A, 174, GO). — 3. By 
treating tlie product of the action of the samo 
iodide upon silver cyanato with strong hydrio 
chloride (Rudnow). 

Proj^ertics. — Odour '’.mmoniacal ; pps. copper 
salts but does not rcdissolvo the ppd. cuprio 
hydrate. 

Hydrochloride : efiloroscent scales, or 
octahedrons, from alcohol and ether. — 
Platinochloride ; fine crystals derived from 
a monoclfiiio prism, easily soluble water and 
alcohol. — Aurochloride : large yellow 
crystals, raonoclinio. 

Reactions. — With bromine it foms brom- 
amyl-amine which can be distilled with 

steam (Wurtz). R. T. P. 

AMfe-ANILINE 0„HpN i.e. 

(258°). Mol. w. 163. From aniline' and isoamyl 
bromide (Hofmann, C. J. 3, 297). Smells, when 
cold, like roses. When its hydrochloride i$ 







hdat^ Ai it to the hy^hldride 

M Attdda-phenyl-pentane, O^Hii.CA.HHx (Hof- 

rnann^B. 7, 529). 

Isoamyl-aniline O^Hj.NHOsH,, (243®) at 
720 TTim. Colourless oil. V. sol. aloonol, ether, 
and benzene, insol. water. Is a by-product of 
the action of isovaleric aldehyde and HCl upon 
aniline. Salts.— B'HCl: colourless prisms, v. sol. 
water. The nitrate and o x a 1 a t e arc sparingly 
soluble. The picrato is a reddish-yellow oil. 

Acetyl derivative CfiH 3 .N(CjH,,)Ao, 
(278®) at 720 mm., colourless fluid, v. sol. alcohol 
and ether ; insol. water. 

Nitrosarnine C,jIl 5 .N(CjHi,)NO: oil; vola- 
tile with steam ; v. sol. alcohol and ether, insol. 
water (Spady, B. 18, 3376). 

Di - isoamyl - aniline CaHjiN(C 5 H„) 2 . 
{275°-280®) (Hofmann, A. 74, 156). 

Iso - AMYL . ANTHEACENE i.e. 

X{GsH,i)v 

OeH/l [59°]. From amyl- 

\CH / 

hydro-anthranol by boiling alcoholic HCl. 

Preparation. — Anthraquinone (30 g.), zinc 
dust (100 g.) NaOH (50 g.), water (450 g.) are 
boiled together for 5 hours and then amyl 
bromide is added. The liquid is poured off, and 
the pp, dissolved in alcohol, reppd. by water, 
and boiled with alcoholic HCl (Liebermann, 
A. 212, 104 ; B. 14, 796). 

Properties Long sea-green noodles with blue 

fluorescence (from alcohol). Cone. ILSO 4 gives a 
green solution. V. sol. berizone, CS^, chloroform, 
or benzoline. Pier ate forms red needles 
[115®], CrOg in IIOAc gives amyl-oxauthranol. 
Forms a hromo compound 

[76=]. Picrate [110=]. 

Forms also a corresponding chloro-deriva- 
tive [71°J. ricrate [108®]. 

Iso-Amyl-anthracene-di-hydride 

0„H„ f.e. (350=) ; 

(292°) at 570 mm. S.G. 1'031. Prepared by 
reduction of amyl-oxanthranol with P and HI 
(Liebermann, B. 14, 457; 15, 1000; A. 212, 79). 
Clear fluorescent liquid. Miscible with alcohol, 
ether, benzene, and acetic acid, in all proportions. 
On oxidation with HNO, anthraquinono is 
formed. 

Jso-AMYL AESENATE (C,Hi,)sA 804 (Crafts, 
Bl 14, 101). 

Iso-AMYL AESENITE (OjH.JgAsOg. (288°) 
(Crafts, Bl. 14, 105). 

n-AMYL-BENZENE. Phenyl-pentane. C„H„ 
i.e. Ph.CH 2 .CII. 2 .CH 2 .CHji.CH 3 . Mol. w. 148. 
(201° uncor.) at 743 mm. S.G. •8002. From 
benzyl bromide, 7i-butyl bromide, and sodium 
(Schramm, A. 218, 338). Pleasant smelling oil. 

Ttcaction. — Bromine vapour at 150® gives 
»Ph.CHBr.CH 3 .CH 2 .Cn 2 .CH, (?) •which on 
distillation gives Ph.CHiCH.Cn^.CII.CH, 
(210®-215®) which combines with Bij forming 
rh.CHBr.OHBr.CH 2 .CH 2 .CH 3 . [54°]. 

Isoamyl-benzene (193°) at 736 mm. S.G. 12 
•859. From bromo-bonzene, isoamyl bromide, 
and Na (Fittig a. Tollens, A. 129, #369; 131, 
813; Bigolf a. Fittig, A. 141, 100; Schramm, 
A. 218, 390). Also from isoamyl chloride, ben- 
zene, and AlCl, (Friedel a. Crafts, A, Oh. [ 6 ] 
1,454). 

Von. I. 


txipour at 150® gives 
*‘Ph.CHBr.CH 5 pCH(Oiy a(?) which on distillation 
gives HBr and Ph.OH;OH.OH(CH 3 ) 2 , phenyl- 
isoamylene, which forms a dibromide [129®]. 

Di-ethyl*carbinyl-benzene Ph.CHEt 2 . (178®). 
S.G.ai*873. ^ 

Formation.— From benzylidene chlonde 
and zinc ethide (Lippmann a. Luginin, Z. 
1867, 674).— 2. From ben zo-trichloride, Ph.CCl,, 
and zino ethide (Dafelt., M. 4, 153, 616). 

Tcr^-amyl-benzene Ph.CMe.^Et. ( 0 . 187®)- 
S.G. 2 -874. From tert-amyl chloride, benzene,, 
and AICI3 (Essner, Bl. [ 2 ] 36, 212). 

Di-isoamyl-benzene C„;II..a i-e. (CsH,,) 2 C«H,. 
(c. 265°). S.G. ^ -887. From benzene, isoamyP 
chloride, and AICI 3 (Austin, BL [ 2 ] 32, 12). 

AMYL-BENZENE SULPHONIC ACIDS- 
C^H^SOg i.e. C^H^-CgH^SOgH. 

Isoamyl-benzene sulphonic acid. Deliques- 
cent crystalline mass (Fittig a. Tollens, A. 
131,315). Salts.— KA' aq.—BaA'j: hair-like- 
needles. 

Di-ethyl-carbinyl-benzene sulphonic acia 
CnEt 2 .C,H,.S 03 H. Salts.- BaA'ol^aq: pearly 
leaflets, si. sol. water and alcohol (Dafert, Af- 

4, 617). 

n-Jso-AMYL-BENZOIC ACID C,2n,A i.e. 
CAAn„)-CO,H [1:4] [158°]. Formed by 
saponification of the nitrile. Sublimes in flat 
colourless needles. Sol. alcohol, ether, and hot 
water, si. sol. cold water. Salt: AgA' : small 
colourless needles, si. sol. cold water (Kreysler, 
B. 18, 1710). 

jp-Iso-AMYL-BENZONITEILE 
OA(Cin,i).CN (200°-2C3° uncor r.). Colourless 
oil. Formed by heating tri-isoamylphenyl- 
ifliosphate with dry KCN ; yield— 20 p.c. (Kroys- 
Icr, B. 18, 1709). 

Iso - AMYL BOEATE Ci^HsgBO, it. 
(C5H,,0)3B. (254°). S.G. 2 -872. 

Iso-amyl borate (C.,TI,,0)BO. S.G. 2 * 971 . Oil. 
71 .AMYL BEOMIDE CjH.iBr i.e. 
Cn 3 .Cn 2 .CH.ClT 2 .CH 2 Br. Mol.w. 151. (129®). 

5. G. 2 1*246. From w-amyl alcohol (Liobon a. 
Eossi, A. 159, 73). 

Inactive amyl bromide (Cn ,).,CH.CH 2 .CH 2 Br 
(120*6° i. V.) at 734 mm. S.G. 1*026 (Lacho- 
wicz, A. 220, 171). 

Isoamyl bromide (118*5°) at 756 mm. (R. 
Schiff, B. 19, 563). II.F.p. 34,000 (Berthelot). 
S.V. 138*6 (S.) ; 143*8 (Ramsay). For a speci- 
men which rotated + *52° in 100 mra. Perkin 
{G. J. 45, 458) found: (120*5° cor.); S.G. if 
1*2193; If 1*2083; M.M. 9 01 at 17°. 

Active’ amyl bromide (117°-120") ; S.G. W 
1*225 (Le Bel, Bl. [ 2 ] 25,615). Dextrorotatory; 
a= + 3 * 75 °. 

7 i-£iejc-amyl bromide CHg.CIL.CHo.CnBr.CH^ 
(113°) (Wurtz, A. 125, 113).* Formed when 
isoamyl bromide is heated at 230° (Eltekow, B, 
8, 1244). 

Iso-scc-amyl bromide (Cn.,).,.CH.CHBr.CH,. 
(116°) (Wyschnegradsky, A. llio, 357). 

r,jri.amylbromideCH 3 .CH,.CBr(OH 3 ) 2 .(l(»®). 
AMYL-BEOMO- v. Bkomo-amyl. 
Iso-AMYL-CAEBAMIC ETHEE C,H„NO,it. 
C 3 H„NHC 0 ,Et. Amyl-urcthanc. (218°). S.G. 
•93. From isoamyl- amine and ClCOjEt (Ouster, 
B. 12, 1328). Oil ; sol. alcohol and ether. 

I Di-isoamyl-carbamic ether (C 3 H,,) 2 N.C 02 Et. 
I (247°). From di-isoamyl-amine and ClC 02 Et(C.). 
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ha^MXtn CABBAHIKB O^BuN Le. C AiNC. 
(187<>). Mol. w. 97 (Hofanann, i. 146, 109). 

Iw-AMYL CAEBONATE OnH^^O, i,$. 
(o.h,,),co 3 mr cor.), s.g. -oi. 

Iso-AMYL CETYL OXIDE !.«. 

O.H„00,«H33. [30°]. Plates. 

n-AMYL CHLORIDE OsHjjCl i.e. 
0H,.CH2.CH2.CH3.CH,C1. Mol. w. 106*5. (106°). 
S.G. ^ *873 (Lachowioz, A. 220, 191); *883 
(L. a. R.). Formed frorp w-amyl alcohol (Lieben 
a. Rossi, A. 169, 72 ; G. 1, 31^) or by tho chlori- 
nation of n-pontane (Schorlemmer, A. 101, 268). 

Inactive amyl chloride (CH3)3CH.CH2.CHX1. 
(99*8°-100*5°). S.G. ^ *870. From iso-pentane 
(Lachowitz). 

Iso-amyl chloride (99*5°) (R. Schiff, B. 19, 
662). S.V. 134*1 (S.); 136*5 (Ramsay). In a 
specimen which rotated +5*8° in 100 mm. 
Perkin (C.J. 45, 452) found: (97°-99° cor.) ; S.G. 
H -8801 ; ^ *8716 ; M.M. 7;17 at 19*5°. 

Formation. — 1. From isoamyl alcohol and 
HCl (Balard, A. Ch. [3] 12, 204), S^CL (Carius a. 
Fries, A. 109, 1), or PClj (Cahours, A. 37, 164). 

Beactions. — 1. Converted into amyl alcohol 
by water at 100° (Butlerow, A. 144, 34), or better 
at 120° (Niederist, A. 186, 392).— 2. H^SO^ 
forms HCl and CiH.jSO^H (Oppenheim, J, pr. 
102, 339). 

Active amyl chloride 

CH3.CHo.CH(CH3).CH,Cl. (99°). a = + 1*24°. 
S.G. 1^ *886 (LoBel, Bl. [2] 25, 546). 

n-Scc-amyl chloride CH3.CH2.CH2.CHCl.CH3. 
(104°). S.G. ^ *891. From n*pentano by chlori- 
nation (Schorlemmer ; Lachowicz). From 
OH3.CH..CH:Cn.CH3 and HCl (Wagner a. Sayt- 
fceff. A. 179, 321), 

Iso-scc-amyl chloride (CH3)2CH.CnCl.CH3. 
(91°). S.G.s *88. From (CH3)2CH.CH;CH2 and 
HOI (Berthelot, C. R. 66, 700; Wurtz, A. 120, 
368 ; Wyschnegradsky, A. 190, 357). 

5-Scc-amyl chloride EtjCHCl. (103°-105°). 
S.G. ^ *896. From the alcohol (W. a, S.). 

Terf-amyl chloride EtCMe-^Ol. (86°). S.G. ^ | 
•870. By action of PCI5 on tert-amyl alcohol j 
.or on methyl -isopropyl-carbinol (Wyschnegrad- 
sky, A. 190, 336 ; 191,331). 

AMYL-CHLOBO- v. Chlobo-amyl. 

Iso - AMYL CYANATE 0«H„NO i.e. 
CiH„N.CO. (136°). Prepared by distilling 
. amyl-carbamio ether with P2O5 (Custer, B. 
12, 1330), or from OjHiiSO^K and potassium 
•oyanate (Wurtz, A. Ch. [3] 42, 43). With 
-ammonia it yields amyl-urea, and with potash it 
yields amylamine. 

AMYL CYANIDE v. Amyl Cabbamine and 
nitrile of Hexoio Acid. 

AMYLENE OsH,^,. Pentene. Mol. w. 70. 
n-Propyl-ethylene Ch 5.CH2,CH2.CH:OH3. 
(40°). 

Formation.— 1. Together with amyl acetate 
when KOAc and ACaO act on w-amyl chloride at 
200° [schorlemmer, A. 161, 269).— 2. Together 
\tfith di-allyl (principal product), pentane, and 
other bodies, in the action of zinc ethide on allyl 
iodide (Wurtz, A. 123, 203; 127, 66; 148, 131). 

Properties.— Liquid; insol. H2SO4 (2 vols.) 
diluted with water (1 vol.). 

Reactions.— 1. Gives Pr.CHI.Me with HI.— 
2, Alkaline KMnO* gives succinic, butyric, 
oxalic, and formic acids (Zeidler, A, 197. 253). 


IsopropyJUethj^hao (CS|)m 0H.0H:0H3. (21°). 
Formed together with EtCMeiCl^ by action of 
alcoholic on isoamyl iodide (WysohnC- 

gradsky, B. 10, 81 ; A. 190, 328). 

Properties, — ^Liquid; insol. at 0° in H^SO, 
(2 vols.) mixed with water (1 vol.). 

Reactions. — Does not combine mth HI at 
— 20°, but at 20° it combines slowly forming 
(CH3)2CH.0HI.CH,. 

s-Methyl-ethyl-ethylene CHa.CHiCH.Et. 

(36°). 

Formation. — 1. From CHs.CH2.CHI.CH2.CH, 
(Wagner a. Saytzeff, A. 176, 373 ; 179, 302), or 
CHs.CHI.CH2.CH2.CH3 (Wurtz), and an alcoholic 
solution of KOH.— 2. From cthyl-crotonic acid, 
CHj.CHiCEt.COsH, by combining it with HBr 
and neutralising the resulting i8-bromo-di. 
ethyl-acetic acid : CH3.CHBr.CEtII.CO.2Na- 
NaBr + C02+CHs.CH:CEtH (Fittig, A. 200, 27), 

Reaction. — HI forms CH3.CIlI.CH2.CH2.Cn3, 

M-Methyl-ethyl-ethylene Et.C(CH3):CH2. 
(32°). S.G. ^ *670. From active amyl iodide 
and alcoholic KOH (Lo Bel, PZ. [2] 25, 546). 

Properties. — Liquid ; dissolves in H2SO4 
(2 vols.) diluted with water (1 vol.). 

Reactions. — HI forms CH3.CH...CI(CH3).CH3, 

Tri-methyl-ethylene (CH:,)..C:CH.CH3. (36°). 
S.G. ^ *6704 ; ^ *6614. M.M. 6*121 at 13*2° 
(Perkiii, C. J. 45; 448). 

Formation. — 1. From CH3.CH2.CI(CH3), 
(Ermolajefif, Z. [2] 6,275) or CH3.CHI.CH(CII,), 
(Wy.) and alcoholic KOH. — 2. From ethyl 
isoamyl oxide and P2O5 (Flavitzky, A. 169, 206). 

Properties. — Liquid ; soluble at 0° in H2SO4 
(2 vols.) diluted with water (1 vol.) 

Reaction. — HI forms (CH3)2CI.CH2.Cnj. 

Iso-amylene. (36^). S.G. *061 ; ’648, 

H.F.p. 10,600 (Berthelot) ; 18,970 {Tli.). H.F.v. 
16,660 (T/i.). V.D. 2*47 (for 2*42). S.V. 110 
(R. Schiff, A. 220, 89); 110*8 (Ramsay). 

1*3813. Roo 39*29 (Briihl). A mixture of tri- 
methyl-ethylene (90 p.c.) and ?/-mothyl-ethyl 
ethylene (10 p.c.) with a small quantity of 
isopropyl-ethylene (Flavitzky, A. 179, 310). 

Preparation.— Yiom isoamyl alcohol and 
ZnClj, many other hydrocarbons being also 
formed (Etard, G. R. 86, 488 ; Wyschnegradsky, 
C. R. 80, 973). 

Properties. — Absorbed at 0° by H2SO4 (2 vols.) 
diluted with water (1 vol.), with production of 
tertiary amyl alcohol. A more dilute acid (2 
pts. II2SO4 to 1 pt. water by weight) forms 
methyl-isopropyl-carbinol (Ossipoff, B. 8, 642, 
1240).— NOCl forms a compound CjHioNOCl 
which may be reduced to amylamine (Tonnies, 
B. 12, 169).— 3. GHioK^PtCl^ aq is formed by 
boiling isoamyl alcohol with PtCl, and then 
adding KCl (Bimbaum, A. 145, 73) ; deliquescent 
plates. 

Other Ref erences,—Bs\ex^^ A, Ch. [3] 12, 320 ; 
Frankland, C. J. 3, 36 ; Bauer, Sitz. B. 44 [2] 
87 ; Z. 1866, 380, 667 ; Bauer a. Klein, Z. [2] 4, 
386; Guthrie, A. 121, 108; Lippmann, A. 129, 
81 ; M. 6, 659 ; Eltekoff, B. 6, 1258 ; Linnemann, 
A. 143, 350 ; BuH, A. Snppl. 4, 143 ; 148, 349 ; 
Thorpe %. Young, A. 166, 7 ; Flavitzky, A. 165, 
167 ; Le Bel, Bl 17, 3 ; 18, lft6 ; Berthelot, 
A. Ch. [4] 9,442; C. R. 44, 1360; Renard, A. Ch. 
[6] 1, 227 ; Markownikoff, Z. [2] 2, 502. 

Oxidation of aw2/Zen««.— Examined by Zoid* 
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let, 1.186, 245; 107, 853; 'Sraobot. O. B. 63 
274 ; Berthelot, (7. i2. 64, 86. 

Di-amyleie 0,oH.^. (156°). S.G. V> *780. 

Rflo 76*68 (Nasini a. Bernheimer, G. 16, 93). 
S.V. 211*18. Occurs in the product of action of 
ZnClj, H2SO4, or P2O5, on isoarayl alcohol; and 
is also formed by shaking amylene with HjSO^. 

Beactions.—l. Bromine forms CjoHaoBro. — 
2. Chromic acid mixture produces amethenic 
acid C^H,402 (Schneider, A, 157, 213; Pawlow, 
J. R, 9, 75). 

Combinations from amylene 
andS2Cl2 (Guthrie, C. J. 12,'ll2; 13, .35; 14, 
128). Distilled over KOH it forms C,oH,sS.„ 
(112°), S.G. 13 *880. ZnEt,. gives C,4H3„S2 
(240°-250°). 

References. — Balard, A. Ch. [3] 12, 320 ; 
Bauer, Bl. 1803, 332 ; 1867, 341 ; Berthelot, C. R. 
66, 1242 ; Walz, Z. [2] 4, 316 ; W. v. Schneider, 
il. 157, 185 ; Wyschnegradsky, B. 8, 434 ; Lebe- 
defif, J. R. 7, 216 ; TugolessofE, B. 12, 1486. 

Triamylene (248°). S.G. *81. V.D. 7*6 

(for 7*4). Among products of action of 
ZnCl, on isoamyl alcohol (Bauer, Sitz. B. 44 
[2J 87; A. 137, 249 ; 147, 251). Forms a bro- 
mide, CijHaoBro, converted by alcoholic KOH 
into benylonc, C,,H2 h, (223°-228°). 

Tetra-amylene C.-oH^o- (390°-400°). S.G. ^ 
*871. Among products of action of ZnCl^ on 
isoamyl alcohol (Balard ; Bauer). 

AMYLENE DI-ACETIN v. <fi-OxY-PENTANB. 

AMYLENE BENZOATE v, di-Oxv-PENTANE. 

AMYLENE BROMIDE v. di-BaoMO-PBOPANH. 

AMYLENE TRI-CARBOXYLIC ACID 
CgH.oOc i.e. Cn.,:CH.CH2.C(C02H)2.CH2.C0.2H. 

E^feer.-— Et3*A'". [151°]. Obtained by intro- 
ducing allyl into ethane tri-carboxylio acid 
(Hjelt, B. 16, 33J^. At 160° it splits up into 
CO2 and allyl-succinic acid (g. v.). 

AMYLENE CHLORHYDRIN v. Chlobo- 


AUYL ALCOHOL. 

AMYLENE CHLORIDE v. di-CuLOBO-PENTANE. 
AMYLENE - CHLORO • SULPHIDE v. di- 
Amylbnk, Combinations. 

AMYLENE IS-ETHIONIC ACID v. Oxx- 


PENTANE SULPHONIC ACID. 

AMYLENE GLYCOL v. dz-Oxv-PENTANE. 
AMYLENE GUANAMINE [178°]. 

Formed by heating guanidine caproate (hexoate) 
at 226° (Bandrowski, B. 9, 213). Crystals ; v. si. 
sol. water, v. sol. alcohol. Salt. — B'HCl. 

AMYLENE HYDRATE. Tertiary Amyl 

ALCOHOL (g. V.). 

AMYLENE HYDRIDE. Pentane (g. v.). 
AMYLENE HYDROCHLORIDE. Amyl 


OHLOBIDB (g. V.). 

AMYLENE NITRITE CiH,oN20^ i.e. 
CjH,o(N 03)2. From amylene by treatment with 
NO2 or fuming HNO3 (Guthrie, 0. J. 13, 46, 129). 
Tables ; decomposed at 95°. * 

AMYLENE OXIDE CsHi^O. 

Isopropyl-ethylene oxide Pr.Cn^ 


(82°). By action of potash on chloro-amyl alco- 
hol, Br.OHCl.CH20H or PrCH((JH).Cli..Cl 
(Eltekoff, Bl. [2] 40, 23 ; J. R. 14, 356). Heated 
with water for 60 hours at 100° it forms 
Pr.OH(OH).CH20H. Does not combine with 
NaHSO,. 


Me^O^I 


HMe 


Tri-methyl*«thyleiio oxide 

(76°). S.G. 2 *829. 

Preparation.— By action of potash on the 
chloro-amyl alcohol obtained by the union of 
Me,C:CHMe with HCIO (E.). 

Properties. — Liquid ; readily unites with 
cold water to form di-oxy-pentane. Does not 
combine with NallSOs. 

Methyl-cthyl-echylene oxide MeCH^ | 

\CHEt 


(80°). Prepared by action of potash on the 
chloro-amyl alcohol resulting from union of 
Me.CH;CIIEt with IICIO (E.). Unites at 100° 
with water forming MeCH(OH).CHEt(OH). 


Di-amylene oxide C,oH.oO. (170°- 180°). From 
di-acetyl-di-oxY-DKCANE (g. v.) (di-amylene dL 
acetin) and solid KOH (Bauer, Sitz. B. 45, 276) 
Oil. Reduces ammoniacal AgNOj. 


Di-amylene oxide (198°- 203°). V.D. 5*3 
(for 5*4). Obtained as an oil by the action of 
potash on a mixture of amylene and Bz.^O,^ that 
has been heated at 110° (Lippmann, M. 6, 662). 
Does not reduce ammoniacal AgNOj or combine 
with NaHSOg. 

Di-amylene oxide (180°-190°). From di- 
amylene and chromic mixture (Schneider, A. 
157, 221). Reduces ammoniacal AgNOj. Oxi- 
dised to amethenic acid, CjHj^Oa. 

Di-amylene oxide (193°). From di-amylene 
bromide (t?. (fi-BBOMO-DECANE), water, and PbO 
(Eltekoff, J. 1878, 374). 

Two or more of the preceding di-amylene 
oxides may bo identical. 

AMYLENE SULPHIDE C,H,„S. (c. 200°). 

S.G. *907. Formed by boiling OjoH^S^Cl, 
{v. Diamylene) with zinc (Guthrie, C. J. 14, 
128). Colourless oil. 

Amylene sulphide (?) 0.3, ^S. (130°-160°). 
V.D. 3*2 (calc. 3*5). Formed by action of acids 
or of heat upon the product of the union of 
ZnEtj and CSj (Grabowsky, A. 138, 165). Alco- 
holic HgClj forms plates of Cr,H,oSHgSHg01,; 
alcoholic AgNOj forms CsHioOAgPAgNO,. 

AMYL ENNONYL KETONE (?) lA. 

Et,CH.CO.C34(033)8 (?)• (280°-300°). One 

of the products got by passing CO over a 
mixture of NaOEt and NaOAc at 250° (Geuther 
a. Frohlich, A. 202, 312). 

AMYL ENNYL KETONE i.e. 

C4H,.CO.CeH,„ (?). Amyl - valerone. (209°). 
S.G. 11 -846. One of the products of the passage 
of CO over sodium iso-amylate at 100° (Geuther 
a. Frohlich, A. ?(J2, 301). Liquid; smells like 
quinces. Does not combine with NaHSO,. 

AMYL ETHER v. Amyl oxidb. 

AMYL FLUORIDE “CsH^F. (72°-92°). A 
mixture of amyl fluoride and polymerides ol 
amylene is formed by saturating amylene at 0® 
with HF (S. Young, 0. J. 39, 489). • 

AMYL-GLYOXALINE CgH^N, i.e. 

CH*^^g (?). OlyoxaUoenanthylim. 

[84°]. From oenanthol-ammonia and glyoxal 
(Radziazowaki, B. 16, 748). Thin glistening 
needles. Sol. alcohol, b 1. sol. ether, insol 
water. 

PS 





JSi04u&yl-gljosalitt6 

(240‘»-.246®). 

ao.M *94. From gljoxaline and amyl bromide 
(Wallaoh, A. 214, 322; B. 15, 651). Liquid; 
V. b 1. Bol. water, sol. even in very dilute alcohol. 

Salt. — B 2H2PtCly : plates (from alcoholic 
HOI) ; V. si. sol. cold water or cold alcohoL 
Jso-AMYL HEPTYL OXIDE t.e. 

OaHji.O.CjHij. Am7jl-ananthyl ether, (221°). 
S.G. ^ *668. V.D. 6-57 (cdc. 6*45). From 
Bodium heptyUte and isoamyl iodide (Wills, 
C. J. 6, 31G). 

{Py, 2:3)-AMYL-HEXYL-QUIN0LINE 
.CH:C(C,H„) 

i.e. C«HX I . (320°-360°). 
\n : C(C,H,3) 

Oily fluid. Formed by the action of oenanthic 
aldehyde and HCl upon aniline (Doebner a. 
Miller, B, 17, 1719). 

Salts. — B'2HoCl2PtCl4 ; large yellow plates. 
— ^B'CaH2(N0o)30H : yellow needles ; si. sol. 
water and cold alcohol. 

AMYL HYDBIDE v . Pentane. 
Iso-AMYL-HYDEO-ANTHRANOL or 

[74’]. Formed, as 

a by-product in the treatment of anthraqui- 
none with zinc-dust and amyl bromide (Lieber- 
mann a. Tobias, B, 14, 801; A, 212, 102). 
Crystalline solid. Insoluble in water, extremely 
soluble in other solvents. On boiling with 
alcoholic HCl it gives amyl -anthracene. 

Iso- AMYL -HYDKOQDINONE. From iso- 
amyl-arbutin and dilute H..SO4, glucose being 
also formed (Schifl a. Pellizzari, A. 221, 3G5). 
Needles. Gives a crystalline nitro-derivativo. 

AMYLIDENE - ACETO - ACETIC ETHER 
V. p. 24. 

Iso-AMYLIDENE-m-AMIDO-BENZOIC ACID 
i.e, Cjr,, CHiN.CeU^.CO.H. [c. 130°]. 
From valeric aldehyde and ?7i-amido-beiiZoic 
acid (SchiiT, ^.210, 119). 

AMYLIDENE ANILINE C„H„N i.e. 
MeoCH.CH^.CHiNPh. [97°]. From valeric 
aldehyde and aniline in the cold (Lippmann 
a. Strecker, B. 12, 74). Prisms. — B'llCl. — 
B'jHjPtClfl. Valeric aldehyde and aniline at 
100° form di-aniylidene-di-phcnyl-diamino, a 
neutral oil, (8chiff, B. 12, 298). 

AMYLIDENE BIURET C, 11,^0.,. From 
valeric aldehyde and cyanic acid (Baeyer, A, 
114, 1G4). 

AMYLIDENE BROMIDE v. i?i-BBOMO-rENT- 

AKE. 

AMYLIDENE-DI-CARBAMIC ETHER 
CnH^NjO^ i.e. Mo2CH.CH2.CH(NH.CO,.Et)2. 
Amylidene urethane. [12G°J P’rom carbamic 
ether, valeric aldehyde, and cone. HCl (Bisclioff, 
B. 7, 633). Needles. Split up by hot dilute 
acids into valeric aldehyde and carbamic ether. 
AMYLIDENE CHLORIDE v. di-CuLOBO. 

FSNTANE. 

Q AMYLIDENE OLYCOL v, ortho~V alerio al- 


i€t*08 (B, JB; i9.6d4L 
isoamyl alcohol (4 pis.), iodbe (5 ptsj, and F 
(Oahours, A. Oh. [2] 70, 81; Grimm, /. w. 62» 
885). From amyl-chloride and OaL8|aq at 
100° (Van Romburgh, R. 1, 161). Partially con- 
verted by heating with EtOH into EtI and 
isoamyl alcohol (Friedel a. Crafts, A. 130, 198). 

Active amyl iodide EtCHMe.CHJ. (144°- 
145°). S.G. 15 1-5425 (Just, A. 220, 162). 
o« 3-76° for 100 mm. at 16° (J.) ; 6-2° (Le Bel, Bt. 
[2] 25, 642). From the alcohol by HI. Reduced 
in alcoholic solution by Sn and cone. HCl. to 
inactive isopentane (J.) 

w-«.5ec-amyl iodide CH3.CH2.CH2.CHI.CH,. 
(144°-145°). S.G. ^ 1*539. Formed by union 
of HI with CH3.CH2.CH2CH:CH2 (Wagner a. 
Saytzeff, A. 179, 313; Wyschnegradsky, A. 190, 
347) or CH3.CH2.CH:CH.CH, (Wurtz, A. 148, 
132). 

Jso-sec-amyl iodide (CH3)2CH.CHI.CH3. 
(137°-139°). I’rom (OH,)2CH.CH:CH2 and HI 
(Wy.). Water and PbO convert it into 
(CH3)2C(0H).CH2.CH,. 

s-n-te-amyl iodide CH,.CHo.CIII.CH2.CH,. 
(145^-146°). S.G. 2 1-528 ; ^ 1-60. From di- 
ethyl-carbinol and HI (W. a. S.). 

Tcrf-amyl iodide (CH3)2.CI.CH2.CH3. (129°). 
S.G. 2 1*524 ; ^ 1*50. From iso-scc-amyl iodide 
and HI (Winogradoff, A. 191, 132) ; also from 
ferf-amyl alcohol and HI (Wy.). By shaking 
with water for I J- hours it is almost completely 
converted into fcr^amyl alcohol (Bauer, A. 
220, 158). With MeOH at 100° it forms Mel 
' and tert’&myl alcohol; MeOAo at 110° gives 
amylenc, Mel, and HOAc. 

DI.?i.AMYL KETONE C,jH,20 i.e. (C,'R^,)^CO. 
Caprone. [15°]. (226° cor.). S.G. ^2 *826. Pre- 
pared by distilling calcic ca’proatc. Does not 
combine with NallSOa. 

Reactions. — 1. Cone. HNO3 forms caproio 
nitro-yaleric, and oxalic acids. — 2. CrO, forma 
, caproic and valeric acids (PI Schmidt, B. 5, GOl ; 
Lichen a. Janecek, A. 187, 134 ; Ilercz, A. 180, 

I 203). 

n - AMYL - MALONIC ACID i.e. 

(CaH„)CH(C 02H)2. [82°]. Formed by saponify- 
ing the product of the action of KCy upon 
o-bromo-heptoic ether (Hell a. Schiile, B. 18, 
620). Split up at 140°into CO.^ and w-hoxoic acid. 

Salts.— Ca A": S. *04 at 18°.— SrA": S. *00 
at 16°.— BaA"; S. *6 at 10°.— CdA".— PbA" : 
S. *008 at 20°.-Ag2A". 

TRI-Iso-AMYL-MELAMINE C,„H3«N, i.e. 
C3H3 (CjIIiJjNj. Formed by desulphuration of 
isoamyl thiocarbimide (Hofmann, B. 3, 264). 
Thick oil.— B"H.2PtCl3. 

Jso-AMYL MERCAPTAN C.H.jS ».«. 
CjHi.SH. Mol. w. 104. (120° i.V.) (Beckmann); 
(118°) (Nasini, O. 1883, 302). S.G. *8348. 
K<x) 31-94 (N.). From isoamyl chloride and KHSk 
(Balard, A. 52, 313) or C.H^SO^K (Krutzsch^. 
J. pr. 31, 1). 

AMYL MUSTARD OIL v. Amyl thxo* 


DXBVDE. 

AMYL IODIDES C^H,,!. Mol. w. 198. 

CH3.CH2.CH2.CH2.CH2I. 
il66° cor.) S.G. 2 1*544; 22 1-617, From tin 
chloride and HI (Lieben a. Rossi, A. 169, 74). 

Ivo-amyl iodide. (148°). S.G. 1-610 
IS 1*498. M.M. 13-20 at 19*6° (Perkin, C. /. 46 


oabbimide. 

AMYL-NAPHTHALENES C,,n„. 

(a) -155 - amyl - naphthalene CioH^.C^H,. [1]. 
Formed by heating an ethereal solution of (a)- 
bromo-naphthalene and isoamyl bromide with 
Na (Leone, G. 12, 209).— Pic rate, [86°-90°lt' 
pale yellow needles. 
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ntQ. 

4a. 990”). Ttomnapntholena, itoomyl ohloi^i 
•od AlCl, (Boui, Bl [2] 41, 879).-Pi«*»ta 
Oi;H„O.Hj(NO,),OH. [106'>-110'>]. 

Amyl-naplithalene (?). ^05°). From lapaohio 
Aoid, HI and P (Paterno, 0, 12, BQ9).—Picrate 
[141 °] : orange needles. 

Iso-AMYL NITEATE C^H^NO,. Mol. w. 133. 
(147°). S.V. 163-59 (B. Schiff, B. 19, 667). 
From urea nitrate (10 g.), isoamyl alcohol (40 g.) 
and HNO| (30 g.) (P. W. Hofmann, A, Ch, [3] 
23, 374). Liquid, smelling like bugs. 

Iso-AMYL NITRITE OjH.jNOj. Mol. w. 117. 
"°) (B.). (99°) (Guthrie, A. Ill, 82). S.G. *9. 
F.p. 48,140. H.F.V. 44,660 {Th.). 

Preparation. — 1. Nitrous vapours (from 
ABjO, and HNO, of S.G. 1*52) are passed into 
isoamyl alcohol (Balard, A. Ch. [3] 12, 318; 
Hilger, Ar. Ph. [3j 4, 485 ; Williams a. Smith, 
Ph. [3] 16, 409). — 2. By distilling together 
KNO3, isoamyl alcohol, and dilute H2SO4 
(Rennard, Buss. Zeitschr. Pharin. 1874, 1). 
Yellowish liquid, smelling like nitrous ether. 

AMYLNITROUS ACID, so-called. CsH,„N,204. 
Obtained by action of HNOj on di-amyl ketone 
(Chancel, C. B. 94, 399). Liquid; may be 
reduced to n-valeric acid. 

Salt.— CJIyKNaO^: greasy-looking plates. 
AMYLODEXTRIN v. DisxTitiN. 

AMYLOID V. Starch. 

AMYLONITROPHOSFHOROUS ACID, so- 

called. CjolIaaPNO^ (?). An oil, got by action of 
P2O5 on isoamyl nitrite (Guthrie, A. Ill, 65). 
AMYL OXALATE v . Oxalic acid. 

Jso-AMYL OXAMIDE C;H,.N.,02 i.e. 
NH2.CO.CO.NIICJI,,. [181°J. From isobutyl- 
isoamyl glyoxalino and H^O-j (Radziszewsky a. 
Szul, J3. 17, 1296^ 

Di-iso-amyl oxamide C,.,H.24N202 
0,H„.NII.CO,CO.NHCjH„.' [129°] (Wallacha. 
Schulze, B. 13, 616). [139°] (Wurtz). Silky ! 
needles ; insol. water. From isoamylamine and 
ethyl oxalate. 1 

AMYL-OXANTHRANOL v. Oxanthranol. j 
AMYL OXIDE Ciylla^O. Amylether. M.w.158. : 
Iso-amyl oxide (CsHiJ-.O. (173°). S.G. ^ ; 
•7807 ; q *7741. M.M, ll*i68 at 15-6° (Perkin, i 
C.JA5, 471). From potassium isoamylato and 
amyl iodide. 

Jso-sec-amyl oxide (Pr.CMeII),0. (163°). 
From 1-r.CMeHI and Ag.O (Wurtz, A. 129, 366). 

Iso-AMYL-PHENOL C„H„0 i.e. 
OjHn.C.H^.OH [1:4]. [93°J. (250°). Formed by 
heating plienol with isoamyl alcohol and ZuGl, 
at 180° (Liebmann, B. 15, 161) or by the action 
of nitrous acid upon amido-phenyl-isopentane 
(Calm,!?. 15, 1640). Long needles ; si. sol. water. 

Benzoyl derivative G,oH,jOBz. [81°J. 
(349° cor.). Flat needles, formed by distilling 
Iri-isoamyl phosphate with NaOBz (Kreysler, B. 
18, 1717). 

AMYL-PHENYL- v. Phentl-amyl-. 
Iso-AMYL-PHENYL PHOSPHATE 
OmH^^PO^ i.e. (CsH.j.C^H^.OhPO. (above 400°). 
Formed by heating isoamyl-phenol with POCl, 
(Kreysler, B. 18, 1701). Thick oil ; v. sol. ether, 
Bol. alcohol. • 

Iso-AMYL-PHENYL SILICATE G^HaoSiO^ 
U (C,H„.C, 114.0)48!. (0. 394°) at 118 mm. 
From isoamyl-phenol and SiCL (Hertkorn, B, 
1%, 1692). 


Aim raoimm 

2 #o-aiByl-plioip]iorio aeid ^0«H„0).P0(0H)r 
From syrupy phosphorio acid and amyl alcohol 
at ordinary temperature (Guthrie, 0. J. 9, 134). 
Deliquescent crystaUine mass ; v. sol. water, 
and alcohol, insol. ether. Salts.— KA".— 
(NH4)2A".— BaA".— PbA".-CuA".— AgjA'r 

Di-iso-amyl-phosphoric acid 
(C4H„0)2P0(0H). From amyl alcohol and 
bromide of phosphorus* (Kraut, A. 118, 102). 
Salts.-CaA'j,: S. 1*6 at 18°.— AgA'.— AgHAV 

AMYL-PHOSI^INES v. Phosphines (Hof- 
mann, B. 6 , 297). 

Iso-amyl phosphine OiHpPHj. (107°). 

Di -iso-amyl phosphine (G5H,,).J^H. (0. 213°)a 

Tri-iso-amyl phosphine (CjH,,),?. (300°). 

Oxide (CsH.jJjPO. [c. 65°]. 

Iso-amylo-iodide (CsH,,)4PI. 

Iso-AMYL PHOSPHINiC ACID C,H„PO, 
i.e. C5H„.P0(0H)2. Pentane phosphinic acid, 
[160°]. From isoamyl phosphine and HNOg 
(S.G. 1*35). Pearly plates (from water). 

Salt. — AgjA": amorphous pp. (Hofmann, 
B. 6 , 305). 

AMYL PHOSPHITES. 

Iso-amyl phosphorous acid (C5H„0)P(OH)g 
Formed together with di-isoamyl-phosphoroug 
acid by shaking with water the product of the 
action of PCI, on isoamyl alcohol. Dilute 
Na..CO, dissolves mono- but not di-, amyl 
phosphite (Wurtz, A. Ch. [3] 16, 227). 

Chloride C.H.jO.PCl,. (173 ). S.G. a 1*109 
(Monschutkin, A. 139, 348). 

Dl-iso-amyl-phospWous acid 
(C,H„0),P(OH). S.G. A2 *97. 

Tri-iso-amyl phosphite (C..,H,jO)3P. (236°), in 
hydrogen. From PCI, and NaOCsH,, (William- 
son a. Railton, 0. /. 7, 218). 

AMYL-PIPERIDINE C.oHsjN i.e. 
CjH,oN(C 4H,,). (188°). Colourless liquid, nearly 
insoluble in water. Formed by digesting piperi- 
dine with amyl bromide and aqueous KOH. 

Methylo -iodide. B'Mel. [195°]. Thick 
prisms. By moist Ag.^O it gives an alkaline 
hydrate which on dry-distillation yields methyl- 
amyl-piperidine (Schotten, B. 15, 421). 

Iso-AMYL-PYRROL C,n„N i.e. CJI.iNC.H, 
(c. 182°). S.G. *879. Formed by distilling iso- 
amylamino mucate (0. A. Bell, B. 10, 1866). 

Iso-amyl-pyrrol carboxylic acid, isoamyl^ 
amide C,H„.NC,H,.CO.NHO,II„. [77°]. Prisms, 
Formed along with the isoamyl-pyrrol (B.). 

Iso-AMYL SILICATE C„oH44Si04 i.e, 
Si(C,H„0)4. (324°). S.G. ^ *868. V.D. 16*2 

(calc. 13 0). From SiCl, and isoamyl alcohol 
(Ebelmen, A. 57, 331). Oil, very slowly decom- 
posed by water. 

AMYL SULPHATES. 

Iso-amyl sulphuric acid CiH^SO, i,e, 
0,H„S04H (Cahours, A, Ch, [2] 70, 86; 
Kekul6, A. 75, 276). 

Salts. — NH4A'.—NaA'14aq. — KA' Jaq,— 
MgA'a 4aq.— CaA'22aq. — SrA 22aq. — BaA', ^q; 
flat tables, S. 9*7 at 10° (Balbiauo, B. 9, 1487); 
S.G. 1*623 at 21*2° (Clarke, B, 11, 1506).-- 
ZnA'2 2aq.— HgA',2aq.— PbA'gaq.— MnA',4aq.— 
NiA', 2aq. — CuA'j 4aq.— AgA'. 

Iso-amyl sulphate (04H,.),S04. Formed by 
passing SO, into warm amyl nitrite (Ghapmaiii 
B, 8, 920). 
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AMYL SULPHIDES. 


AMYL SULPHIDES. 

Di-iso-wnyl-sttlpliid® (0,H„),S. Mol. w. 174. 
(214° i.V.). S.G. -8431. B® 54-2 (Nasini, 
Gf. 13, 802). Amyl alcohol (131°-132°) is con- 
verted by PCI, into amyl cliloride and this is 
mixed with alcoholic K.S (^rom half saturation 
of alcoholic KOI! with H^S) and heated in 
closed vessels for 10 hours at 100®. Product 
fractionated {Beckmann, J. pr, [2J17, 440). Also 
from potassium amyl-sujphate and K.S (Balard, 
A. Oh. [3] 12, 303). 

Dl-iso-amyl disulphide (6j,H„)oSo. (250®). 
S.G. ^ *918. From potassium amyl-sulphate and 
(0. Henry, A. Ch. [3] 25, 246 ; Spring a. 
Legros, B. 15, 1938). 

Jso-AMYL SULPHITE (C,H„0),SO. (230®- 
250®). From SOCl^ or S..C1., and isoaniyl alcohol 
(Carius, A. 106, 291; ‘ill, 97). Oil; docom- 
posed by water or KOHAq into amyl-sulphurous 
acid and amyl alcohol. 

AMYL SULPHOCYANIDE C,II„NS i.e. 
CjHjjS.CN. (197®). S.G. "5 *905. Got by 
distilling potassium amyl-sulphate with potas- 
sium sulidiocyanide (Henry, A. Ch. [3] 25, 248; 
Medlock, A. 69, 214). 

Di-i50-AMYL SULPHONE (C,H„),SO,. 
[31®]. (295®). Hi-iso-amyl sulphoxide (5 pts.) is 
heated with water (20 pts.) till it melts, a solu- 
tion of KHnOj (3 pts.) in hot water (30 pts.) is 
added with constant agitation. The sulphonc 
is extracted with ether. The yield is that indi- 
cated by theory (Beckmann, J. pr. [2J 17, 411). 

Properties. - Long needles, grouped in tufts. 
SI. sol. hot water ; sol. alcohol, ether, benzene, 
CHClj and CS.m Soluble in II.SO.,, HNO., and 
acetic acid, but precipitated by water from these 
solutions. Not reduced by Zn and R.SO4, by 
sodium-amalgam or by HI. 

AMYL-SULPHONIC ACID v, pENT.VNn 

BTJLPHONIC ACID. 

DI-t5O-AMYL-SULPH0XIDE (C,H„),SO. 
[37°]. From di-amyl sulphide (1 pt.) and 
fuming HNO3 (2 pts.). Crystallised from ether 
(Saytzeff, A. 139, 354; Beckmann, J. pr. [2j 
17, 441). Flexible fatty-looking crystals. 
Chlorine acts on it in presence of water forming 
pentane sulphonic acid, chloro-pcntanesulphonic 
acid, di-isoamyl sulphone, valeric acid, chloro- 
vnleric acid, Iri- and tetra-chloro-pentanes, Ac. 
(Spring a. Winssinger, Bl. [2] 41, 307). 

AMYL - SULPHURIC ACID v. Amyl 
Sulphate. 

Iso-amyl TELLURIDE Te{C,n„)2. (o.l98®). 
Got, in impure state, by distilling calcium 
amyl sulphate with TeK, (Wohler a. Dean, A- 
07, 1). 

Iso - AMYL - DI - THIO - CARBAMIC ACID 

CjH,,Nn.CS.SH. ^Isoamylamine 
saZf CjHjjNH.^HA'. From isoainylamine and 
* CS^ in ethereal solution (Hofmann, /, 1859, 
379). Lamina?. 

AMYL THIOCARBIMIDEB C,H„NS i.e. 
Cj^,,N.CS. Amyl mustard oils. Mol. w. 129. 

Iso-amyl-thio-carbimide (183®). S.G. ^ *942. 
Obtained by boiling the preceding compound wilh 
aqueous HgCl,^ (Hofmann, B. 1, 173 ; Buff, B. 
1 , 206). 

^ Tert-amyl thio-carbimide EtCMe.,N.CS. 
(1 60°). From EtOMejNH.^ by successive treatment 
with eSa and HgCl, (Kudneff, Bl. [2] 33, 300). 


AMYL THIO^PBOSPHATSS. 

Jso-amyl thio-phoiphate (O.H„)HaPSOa. 
From isoamyl alcohol and PSOl. (Chevrier. Z. 
1869, 413). ' 

Tri-iso-amyl thiophosphate (0,H„)3PSOa. 
S.G. ^ '85. From C,H„ONaand PSClj (C.). Oil. 

Di-i.so-amyl di-thio-phosphate 
(C5H,,),III\S/).,. S alt. -PbA'a [70°]. 

Tri - ISO - amyl - tetra - thio - phosphate 
(QsHi 1)31*84. Formed, together with the pre- 
ceding, when acts on isoamyl alcoliol (Kowa- 
lewsky, A. 119, 310). 

Iso-AMYL THIOSULPHATE. The salt 

Na(0;iH,,)S.^Os2aq is formed by acting with 
isoamyl iodide on sodium thiosulphate. It 
crystallises in laminaB (Spring a. Legros, B, 15, 
1938). 

Ifo-AMYL THIO-UREA C,H,,N.,S i.e. 
CiH„NH.CS.Nn^. Monoclinic crystals (Arzruni, 
P. 152, 284). 

AMYL-TOLUENE i,c. CIL,.CJl4.C,ni,. 

Mcthyl-amyl-bonzenc 

o-Iso-amyl-toluene (?). (204®). S.G. ^ '895. 
From toluene, isoamyl chloride, and zinc dust 
(Pabst, B. 9, 503). 

?a-Iso-amyl-toluone. (208°). S.G. 5.3 *868. 
From toluene, isoamyl chloride, and AlClj 
(Essner a. Gossin, Bl. [2] 42, 213). KMn04 gives 
isoi)hthalic acid. 

^>Iso-amyl-tolueno. (213°). S.G. 2 .gcq. 
From p-bromo-toliienc, isoamyl bromide, and 
Na (Bigot a. Fittig, A. 141, 160). CrOj produces 
terephthalic acid. 

AMYLUM r. Starch. 

AMYL.UREAC«H, ,N,0 i.e. C,H„NH.CO.NH2. 
Iso-amyl-urea [91®]. From amyl cyaiiato 
and hot alcoholic NH3 (Custer, 1). 12, 1330; 
cf. Wurtz, C. li. 32, 417 ; Bl [2].7, 141). Crystals; 
si. sol. water. 

Is 0 - He xoyl-de rivative 
C,H„NH.CO.NH.CO.C,H„. [94®]. From the 
amide of isohexoic acid, -C’r.CH..CTT...COJI, by 
means of Br and NaOII (Hofmann, B. 15, 758). 

7VT/-amyl-urea. [151°]. S. 1-26 at 27°. 
From tert-amylcvanate and NH3 (Wurtz, A. 139, 
328). 

n-IIexoyl derivative. [97°]. Formed by 
action of potash on a mixture of w-hexamide 
and bromine (IL). Plates ; sol. alcohol, and 
ether, insol. water. 

Di - iso - amyl - urea C.,II,iNn.CO.NHC3Hj,. 
[39®J. (270°). Formed by boiling isoamyl 

cyanate with isoamyiaminc and alcohol (C.). 
Needles ; insol. water, sol. alcohol and ether. 

Di-fcri-amyl-urea. Formed by action of 
KOH upon tert-ainyl cyanate (W.). Needles; 
may be sublimed. 

Tri - iso - amyl - urea (C4H„)2N.CO.NH.CjH„. 
(260°). From isoamyl cyanate and di-isoamyl- 
araine (C.). Liquid. 

Tetra-wb-amyl-urea (C5H„).4N.CO.N (CjH,,)^ 
(241°). Obtained by the action of Cl.COjEt 
upon a mixture of di- and tri- isoamylamine (0.). 
AMYL URETHANE v. Amyl-oarbamic etheb, 
AMYL-VALERONE v. Butyl ennyl kstoee. 
Iso-ABfYL-XYLENE C,3H,o i.e. 
C8HaMe.^.CjH„. Di - methyl - isoarrfyl - benzene, 
(233°). S.G. fi *895. From bromo-xylcne, iao- 
amyl bromide and Na (Fittig a. Bigot, J, 141* 
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AHTBIK. A oryetalline resin, difficultly 
soluble in alcohol, contained in some specimens 
of elemi, and in arbol-a-brea resin (Buri, 
Neiies Repert. fUr Phartn. 25, 193 ; Hesse, A, 
192, 179). According to Hesse its formula 
is C 47 H,«( 0 H )2 and its acetyl derivative is 
C 4 .H.s(OAc) 2 . Bromine forms a complicated 
bromo-derivative. 

ANACAJIDIC ACID C 22 H 32 O 8 . [26<']. Occurs 
in the fruit of Atmcanlium occidentale (Stacde- 
ler, A. G3, 137). Crystals ; insol. water, v. sol. 
alcohol and ether. Salts. — CaA"aq.~BaA", — 
PbA". -HA"rbOAc. -A"h’edH aq. -AgHA". 

ANALYSIS. To analyse a thing means to 
resolve it {avaKveip) into its components. This 
term, however, has a very wide meaning, which 
stretches far beyond the outermost limits of our 
resources of even mrtual analysis. So well is 
this understood by all that even when we si)eak 
of a complete analysis wo refer only to as com- 
plete a solution as the science affords of one or 
other of three special problems. One of these 
is the actual or virtual resolution of the body : 
into its component chemical species or perhaps | 
genera; another, the determination of its elc- | 
ments ; the third, the determination of what, in ! 
the sense of some imagined general mode of : 
decomposition, are its primary radicles. This ' 
(the last named) problem has received a partial 
solution in the sense tliat we have ready-made ' 
methods for the determination of the acids and ■ 
bases that may bo contained in a solution of 
salts of a certain low order of complexity. Those ' 
methods include only a minority of the non- ■ 
metallic salt radicles, but they include all the ‘ 
better-known elements as such ; and as we : 
have general mithods for converting any kind 
of substance into salts of low order of com- : 
plexity, these latter methods, conjointly witlithe 
former, constitute a complete solution of the 
■pi'ohkmiotuUimatcanali/iiis. Inregard tothclirst 
problem, our powers are very limited. That we 
have methods for the proximate analysis of cer- , 
tain classes of substances need not be specially ; 
alhrmod ; without these, vegetable and animal 
chemistry could have no existence — but a general ; 
exposition of their principles would resolve itself [ 
into the retailing of commonplaces. We prefer 1 
to give a brief summary of what we liave of j 
means and ways for seeing wliether a substance 
presumed to bo pure really is one substance oris 
a mixture. In a sense there is only one method : 
wo subject the substance to some physical or 
chemical process of fractionation, which, wdiilc 
sure not to produce transmutations, gives the 
several proximate components a chance of part- 
ing from one another ; and we then compare the 
several products with one another and with the 
original substance. The form which the 
method assumes depends largely oh the state of 
aggregation of the substance under operation. 

1. Gases. The oneness of a gas can in 
general bo proved by (a) fractional diffusion 
through a septum of gypsum or graphite; if 
the gas is a mixture of, say, two species, the 
lighter om diffuses out faster thaft the other; 
with mixtures of gases of the same speciiio 
gravity, the method, of course, breaks down: 
(6) partial absorption. This method is dis- 
oussed fully under * gas-analysis '^( 2 . v.). 


II. Solids. These may be susceptible of 
fractionation by {a) partial fusion ; (bj paa-tial 
solution in suitable solvents ; (c) partial freezing 
of the liquefied body ; (d) partial crystallisation 
out of solutions ; (e) partial volatilisation. 
(See ifl.) For the comparison of the several 
fractions, the determination of the fusing points 
comes in as a handy, and in general sensitive, 
test. 

III. Liquids. Fo’’ these the methods given 
under (b) and (c) for solids may be available. In 
the case of distillable liquids wo generally resort 
to fractional distillation, taking care to observe 
the temperature of the (satnvated) vapour, during 
the progress of the operation. A mixture may 
have a constant boiling-point, and may besides 
remain undecomposed on distillation ; as a rule, 
however, it is not so. The volatility of each 
component depends chiefly on the value for it of 
the product inp, where m is the molecular weight 
(or vapour density), and p the vapour-pressure 
at the prevailing temperature of ebullition. For 
two components, the respective products w,p, 
and 7n.j)2 have in general different values. 
Hence it is not necessarily the lowest boiling 
component which comes over first; because a 
large m may make up for a small p. As a mere 
tost for purity, the determination (at a series of 
suitable temperatures) of the vapour-pressure by 
the statical method goes considerably further 
than the determination of the boiling-point 
curve. In a pure substance, the pressure, |>, at 
t^ is a function of t only ; in a mixture of (say) 
two liquids, p depends (in a given trial) on the 
volume of vapour produced, because the ratio of 
the weight of the vapour to that of the tin- 
volatilised residue changes with this volume. If 
this ratio is very small, we have an approxima- 
tion to the vapour-pressure of the more volatile 
component; if the ratio is large, the pressure 
approaches the value characteristic of the 
mixture as such. Any of the many mixtures of 
constant boiling-point, when subjected to this 
test, at a suitable temperature, is sure to reveal 
its complexity. Unfortunately the operations 
involved are somewhat troublesome, and the 
results .are liable to be largely vitiated by the 
presence of absorbed air in the sample. 

The second and third of our three general 
problems, qualitatively considered, form the body 
of what is customarily being taught as 

Qualitative Analysis. 

The resources of qualitative analysis— apart 
from mere methods of identification of named 
species, which we leave on one side— may be 
arranged under three heads 

I. Flame Tests. A set of methods for the 
detection of elements as such, which, being all 
founded upon ultimate or penultimate dissocia- 
tions at high temperatures, are in a high degree 
independent of the constitution of the substance • 
operated upon. Another specific feature in these 
tests is that they are easy and rapid of execution, 
and demand only very small quantities of aub* 
stance. 

U. A set of what we will call methods ol 
chemical diBintegration (each general in refer- 
ence to a largo class of bodies), by means of 
which compounds of high chemical complexity 
can be, so to say, opened up, and their elements 







irithin Hm moM of our routine moihodt 
.of Mit enairsie (v. infraj* These methods might, 
each, be indexed, bv reference to a certain 
d;ement, generally of nigh valency j as a rule it 
Is a non-metallio element, and in the analyst’s 
sense, sui generis, i.e. not susceptible of detection 
as one of a group. ^ 

m. The systematic methods for the radical 
analysis of a solution of salts which were 
referred to in the introduction. In addition to 
these analytical methods, the analyst naturally 
discounts all that may help him towards the 
solution of his problem. Our three classes of 
methods alone, it is true, if judiciously employed, 
would enable one in general to perform an ex- 
haustive ultimate analysis ; but a purely 
ultimate analysis, in the majority of cases, is 
not what wo want. The ideal which we aim at 
in all analyses made for practical purposes is (as 
good an apology as is attainable for) a proximate 
analysis; a recipe, so to say, for composing the 
substance from things of known constitution. 
Hence, if the substance presents the aspect of 
a mixture — mechanical or physical — we naturally 
begin by trying to effect a separation of the 
several things from one another : by mere pick- 
ing out, or elutriation, in the case of an obvious 
mixture ; by distillation in the case of a solution 
in a volatile solvent. We will assume, however, 
that this division of the given substance into 
two or more substances has been effected (if 
called for, and possible), and that the substance 
to be analysed is a solid (which virtually includes 
the case of a liquid) ; gases demand special 
methods, which lie beyond our programme. In j 
this, as in any analogous case, we naturally begin | 
by a close observation of at least the general j 
properties of the body ; it may be expedient to j 
supplement this observation by the exact deter- 
mination of certain physical properties, such as 
hardness, specific gravity, crystalline form, 
optical constants, Ac., Ac. Everything here 
depends on the nature of the case, and — of the 
operator. A mineralogist, for instance, by such 
determinations, may be able virtually to analyse 
a mineral ; but everybody cannot do this. After 
the more purely observational stage, it is ex- 
ponent to study the behaviour, at a graduated 
gaccession of high temperatures, of (a) the sub- 
stance itself, (d) the substance and atmospheric 
oxygen, (c) the substance plus added reagents. 
We therefore begin by heating a few centigrams 
of substance in a sublimation tube over a Bunsen 
lamp — first gently, then more and more strongly 
—on the chance of obtaining a readily recognis- 
able sublimate, gas or vapour, or residue. Of 
the identifiable residues, charcoal is the most 
important, because its formation proves the pre- 
sence of organic matter in the sample, although 
all organic matter docs not yield charcoal. If 
37a substance presents a metallic, or semi- 
^^ic, aspect, it is expedient to roast a frag- 
OH ^ draught-tube, on the chance of 
*'■’ a sublimate of mercury, oxide of 
Iso-axi ^hite arsenic, iodine, Ac., or an 
gained by suipimrous acid, Ac. If the sub- 
partially volatile or partially 
• Kf ,we prepare a supply of the fire-proof 

sufficient temperature), and, 
^ the first as we would a flre-prool 
... ^ ■ CSg anjbject it to a selection of 


t Wkm fitilit* - 

By ** flame-tests ” we mean dry way tests, in 
which the substance, or substance plus reagents, 
is heated directly in the flame. These tests 
were introduced by Gahn, and subsequently ex- 
tended and brought to high perfection chiefly by 
Berzelius and Plattner. In accordance with the 
modes ^ of operating which these authorities 
found it convenient to adopt, a blowpipe flame 
used to bo universally employed as a heating 
medium. But Bunsen, some twenty years ago, 
showed that most blowpipe tests can be done 
more easily and conveniently in the flame of the 
gas lamp which bears his name, and that this 
flame can also be employed for certain new tests 
introduced by him, which tests could not be 
conveniently done with the blowpipe. Many 
chemists prefer the Bunsenian modus operandi, 
but the blowpipe has not by any means become 
obsolete ; it will continue to be used, because it 
offers certain specific advantages of its own. 
For the purposes of this article it will bo 
sufficient to give the following enumeration of 
the more important of the characteristic flame- 
test operations : 

(1.) A few mgms.of the substance are placed 
on an asbestos-stick, and exposed to the several 
regions of a Bunsen-flame, proceeding from 
low'er to higher temperatures, to determine 
degrees of fusibility and volatility. 

(2.) A few mgms., fixed to one end of a hair- 
fine platinum wire, are exposed first to colder, 
and then to the hottest, part of the flamo-mantlo 
of a Bunsen, in order to see whether the llamo 
is thereby coloured. If a colour is i)ro(luced, it 
is analysed optically (by means of a spectro- 
scope), with the view of thus effecting a 
chemical analysis of the glowing vapour. Of 
elements identifiable by their spectra (or flame 
colours), the following may be named : — Tl, In, 
Bb, Cs, K, Na, Li, Ba, Sr, Ca in most of the 
ordinary states of combination, Cu as haloid 
salts, B as boric acid or fluoride, P as free phos- 
phoric acid or PH3. 

Spectrum analysis, as everybody knows, w'as 
invented by Bunsen and Kirchoff. Some years 
ago Bunsen brought it into a new form, in which 
a si)ark current, produced by means of an 
induction-coil is used for the volatilisation of 
the substance’; at the very high temperatures 
thus produced, a great many elements, besides 
those named, become identifiable by their 
spectra. 

Flame Tests with Reagents —Ot these 
sodium carbonate is most extensively employed; 
either platinum wire or charcoal being used as 
a support. 

On platinum; (1) as a mere flux, it 
identifies SiO,, given as such or as highly acid sili- 
cate; (2) irf conjunction with oxygen used as 
air, or introduced as nitre — it detects Cr and Mn 
with certainty, converting the former into 
(yellow) chromate, the latter into (green) man- 
ganate. 

When used on charcoal; in the reducing 
flame, it mfty bring to light, (1) S, Se, Te. Any 
non-volatile form of these yields a fused mass, 
containing Na^S Ac., recognisable by the black 
stain (AgjS Ac.) which it produces when placed 
on a silver coin, and moistened with a drop ol 





wAtw.— (9) Ofts or mr$ ^ the MUnoing miaUi 
Aif Zn, Od, Pb, Bi, Sn, Cu, Ag, Au, Fe, Ni, 
Oo, Ft. The oiddes and many of the salts of 
these metals when fubjected to the operation 
nnder discussion, are reduced to the elementary 
state. The metal thus liberated may assume 
the form of a visible fused bead, or remain con- 
cealed in the form of fused scales or an unfused 
powder or sponge; these, however, can in all 
oases be isolated and brought to light by elutria- 
tion with water in an agate mortar. Part of 
the metal, in general, volatilises, and in passing 
tlirough the dame becomes oxide. If the re- 
duction is effected in the blowpipe dame on 
a block of charcoal (old style), part of the oxide 
in general settles down on the charcoal as a 
ring, and by its colour may aid in identifying 
the metal. When operated upon as described, 
compounds of As yield only vapour of oxide, 
which in most cases is lost altogether. Hg; 
vapour of metal, which is also lost. Zn, Cd ; 
little or no metal, but abundant oxide rings; 
(ZnO is white, CdO brown). Pb, Bi; easily 
fusible metal, and tangible quantities of yellow 
oxide. Sn ; easily fusible metal, and little 
(white) oxide. Cu ; not easily— Ag ; more easily 
— Au ; not easily — fusible metal or scales, and 
no oxide. Fe, Ni, Co; unfused powdery, or 
spongy, metal, which follows the magnet. No 
oxide. Pt ; like Fe, but the metal is not mag- 
netic and is unacted on by HNO^Aq. 

In Bunsen’s mode of operating— which con- 
sists in heating the mixture of substance and 
soda on a slender stick of charcoal in the re- 
ducing part of the ‘ zone of fusion,’ the oxide is 
lost, but all the respective metals fall within the 
range of 

BunserCs Film Tests . — When the air- 
holes of the Bunsen are partially closed, a 
luminous tip forms somewhere near the apex of 
the flame. Many oxides suffer reduction when 
held in the centre of this tip on an asbestos stick ; 
and the reduced elementary substance can bo 
collected on a Berlin basin (filled with water to 
keep it cold), held over the sample across the 
flame. The elements thus appear as films 
resembling the stains of As and Sb produced in 
Marsh’s test. The following elements chiefly 
yield films : As, yb, Te, So ; liardly attacked by 
nitric acid of 20 p.o. Bi, Hg, T1 ; very slowly 
dissolved by nitric acid of 20 p.c. Pb, Cd, Zn, 
In ; instantly dissolved by nitric acid of 20 p.o. 
By a very obvious modification of the process, 
oxide films can be produced in lieu of metallic 
ones; but wo caimot go any further into this 
matter. 

Borax is always used as ahead fused to 
the end of a platinum wire. Such a bead dis- 
solves most metallic oxides at a moderately high 
temperature, forming glasses, the colours of 
many of which are characteristic of *tho metal. 
Often one metal gives two colours according to 
whether the fusion is effected in the oxidising 
or in the reducing flame ; this affords additional 
means of discrimination. 

Microcosinic salt (or rather the fused 
Nap.PaOj Droduced by its decomp^ition by 
heat) acts on metallic oxides pretty much as 
borax does; but- its specific function is the 
detection ol silica* If a splinter of a silicate is 
heated in a fused meta-phosphate bead, the 


fir 

bam dissolve out/ the sUlei remains in the 
oharaoteristio form of an nnfnaed « skeleton * of 
the splinter. 

Whatever the flame-tests may have brought 
out by way of positive results, their negative 
results count for very little. 

U. Methods of Chemical Disintegration. 

Substances may be divided into two classes, 
as regards the operation’s required to bring them 
within the range of our systematic methods of 
salt-analysis. (1) Such as are simple salts (we 
mean salts which can be analysed by our routme 
methods), or can be made into solutions of such 
by the application of the ordinary mineral sol- 
vents, such as water, dilute mineral acids {qtia 
acids), nitric acid or aqua regia {qiia oxidants). 
This class comprises many minerals, and ordinary 
chemical bodies, but unfortunately (and naturally) 
we have no general test for the recognition of 
these bodies as a class. (2) Such as demand 
special methods of disintegration. Of the more 
commonly occurring chemical genera, the fol- 
lowing may be named as falling within this 
class:— (a) Fluorides \ these although perhaps 
of the simplest constitution, demand special 
methods because hydrofluoric acid and all 
acid fluoride-solutions attack glass and porce- 
lain. (b) Most silicates : silico-Jluoridcs, (c) 
Ci/anides, especially metallocyanides* (d) Salts 
of certain complex organic acids (not cyanides) ; 
in the sense that they exhibit abnormal metal- 
reactions. (e) Organic compounds generally; in 
the sense of ultimate analysis generally. (/) 
A7i-ort}u)phosphates. (g) Certain classes of suU 
phur compounds. 

This list does not pretend to be complete, but 
it includes most bodies which the practical 
analyst is likely to come across. For the second 
class of substances as a class, we of course have 
not a general test any more than we have for 
the first, but wo have general tests for the several 
genera, in this sense at least that we have 
general methods for the detection of their cha- 
racteristic elements. 

The following section is compiled partly with 
the view of supplying the necessary information 
in this direction. 

General methods for the detection of 
certain elements {mostly non-metals^ 
and for the ultimate analysis of their 
compounds, 

Silicon is always isolated in its highly cha- 
racteristic form of silica^ SiO^, which is easily 
identified by the blowpipe tests given above, and 
by its convertibility into volatile SiF 4 by the ac- 
tion of HF. Silicon and 'metallic siHcides^ whei^. 
fused with caustic alkali, yield alkaline silicates 
(q. V.). Alkaline silicates (even if so acid as 
It^O.ISiOo) dissolve in water, forming alkaline 
solutions. Mineral silicates^ Slags, Glasses, do* 
fall within two classes according to whether tl»y 
are, or are not, decomposable by hydroohloria 
acid. Those of the first class are finely pow» 
dered and digested in oono. hot HGLAq until 
disintegrated, evaporated to complete dr^ess (to 
convert the colloidal part of the silica into tne 
insoluble form), drenched with HOlAq, allowed 
to stand (to re-ohlorinate the AI,|0, and Fe^O 
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produced), treated with water, and filtered. The 
f ilioa remains on the filter ; the solution contains 
the metals as chlorides. Of those of the second 
class, some are dlsintegrable by hot semi-cono. 
HoSO^Aq (ex. the clays). The general method 
is to fuse the finely powdered silicate with 
ENaCO, until all is dissolved, and to analyse 
the fused residue as a silicate of the first class. 
Alkalis must be tested for in another portion of 
the silicate, after cvfiiioration with NH^FAq, 
whereby Si is removed as SiF, and the bases 
remain as fluorides easily convertible into sul- 
phates by H..SO^Aq (comp. Fluorine). 

Aluminium.— Only the forms of ALO3 in- 
soluble in acids need be considered here ; these 
if finely enough divided, all dissolve at a red- 
heat in fused KOH, becoming aluminates soluble 
in water. 

Chromium. — All non-volatile compounds, 
when fused (in silver) with KOH and KNO 3 , 
yield alkaline chromate, recognisable by its yellow 
colour and the very intensely yellow colour of 
its aqueous solution. This operation constitutes 
a general method of disintegration for the forms 
of Cr^Oj and chromites insoluble in acids ; it 
goes a certain way even with chrome iron ore, 
but the complete disintegration of this mineral 
demands special methods. 

Titanium.— Ti02 stands between SiO., and 
M..O3. Unlike the fonner it is not volatilised 
by evaporation with HFAq. Titanates arc do- 
composed by fusion with KHSO4; the cold 
aqueous extract aft?r fusion includes the TiOj 
which is precipitated on boiling, as such. 

Tin. — The fonus of SuO.^ (including tin- 
stone) which are insoluble in acids yield Sn 
when fused on charcoal with NaHCOj and KCN. 
They may be disintegrated (1) by fusion with 
KOH; the SnO. becomes stannate soluble in 
water : (2) by fusion with six pts. S and six pts. 
Na^COa; the aqueous extract after fusion con- 
tains the Sn ( also any As and W that may be 
present) as thiosalt, and consequently falls in 
with a certain stage of the routine method of 
metal-analysis (r. iyifra). 

Carbon in any state of combination is con- 
vertible into COo, which is readily identified. 
It is distinguished from HCl and SOj by its 
scanty solubility in water, and inertness towards 
oxidising agents ; from N, H, &c. by its abundant 
solubility in solutions of basic hydrates; with 
CaOjHjAq and BaOjHAq it gives a character- 
istic white pp. of carbonate. Carbonates (almost 
without exception) are decomposed by mineral 
acids with evolution of CO^. Elementary carbon 
(in all forms) burns in oxygen to COj. 

Combustible Carbon Compounds, — The 
methods of organic analysisi (gr. v.) are easily 
translated into general methods for the detection 
of combustible carbon as CO„. It is necessary 
to purify the CuO or PhCrO^ immediately before 
use by heating it to redness in air until it ceases 
to give off CO,„ 

• All non-volatile carbon compounds can 
be burnt by heating them with cone. H^SO^Aq 
and CrOj. Many volatile organic bodies unite 
readily with cone. Hn80,Aq to form non- 
volatile compounds, and thus fall within the 
range of the method which obviously suggests 
itself for the detection of combustible carbon 
hestde carbonate. 


Analytii of Carbon Oompoundi.^ 
I. Oraanic adds proper (OOOH oompoundi) 
need here be considered only in regard to the 
extent to which they interfere with the routine 
methods for the detection of the metals in a 
solution of salts. Some (including formic, 
acetic, succinic, and many others) interfere only 
in this sense that, in their presence, the preci- 
pitate obtained by H^S in the presence of free 
acid, may include Zn, Co, Ni, and perhaps 
other metals of the iron group. This dilliculty 
is easily overcome. A large class of non-volatile 
acids, including the ordinary fruit acids, prevent 
the precipitation of Fe.jOj,, Aip,, Cr.Oa, CuO, 
and other metallic oxides by alkalis, and that of 
Al and Cr even by sulphide of ammonium. In 
all dillicult or doubtful cases, it is best to 
destroy the organic part of the salt, which 
can be done in two ways :--(l) By incineration: 
which, of course, had better bo postponed until 
after the elimination of the copper and arsenio 
groups by sulphuretted hydrogen ; if tliis has 
been effected, Zn, of all the metals loft, is tho 
only one which may be lost by volatilisation. — 
(2) By treatment (of the dry salts) xuith oil of 
vitriol. Tho ultimate product contains the 
metals in the form of sulpliates. 

II. Cyanides, a. Hydrocyanic acid ; easily 
recognised by its volatility and spf'oille smell 
and reactions ; regarding the latter, sec b, 
b. Tho simple cyanides of the more positive 
metals (K to Ca inclusive). These are all soluble 
in water. Tho solutioiis ar(3 alkaline, and give 
off IICN w'ith acids. AgNO^Aq in excess pre- 
cipitates AgNC, insoluble in dilute IINOjAq. 
When mixed with (1) excess of alkali, (2) ferroso- 
fcrric salt, (3) excess of IIClAq, they yield a We 
precipitate (or green suspehsion) of Prussian 
blue. c. Cyanide of mercury, ng(NC)2. Soluble 
in water. Exhibits anomalous reactioiis both aa 
a mercuric salt and as a cyanide. But is de- 
composed by into a pp. of HgS and a solu- 
tion of IICN. d. Heavy metallic cyanides, and 
metallocyanides. Some give off part of their 
cyanogen as HNC, when distilled with dilute 
HClAq or H^SO,Aq. Many {e.g. prussiates) re- 
cognisable by specific tests. Solutions of metallo- 
cyanides mostly give pps. with AgNO^Aq, in- 
soluble in dilute HNOaAq, in which the charac- 
teristic metals of tho radicles can be detected 
{v. Halogens). 

A general method for the detection of the 
metals in cyanides, cyanates, and thiocyanates, 
is to heat the dry substance with cone. HBO^Aq 
until completely decomposed. Tho cyanogen 
becomes ammonia-salt, and CO ; the metals 
remain as sulphates. About the detection of 
non-mctallio elements in carbon compounds, see 
sect, on S, P, &c. 

Boro 51 occurs chiefly in the form of borate. 
The presence of boric acid does not interfere 
with the routine methods of metal analysis. 

Phosphorus is always isolated and identi- 
fied as orthophosphate. I. Orthophosphates, M 
far as not soluble in water, are mostly soluble in 
HGIAq. To search for phosphoric acid, we 
Bupersatftrate the solution strongly with am* 
monia, and (after filtration, if necessary) add 
magnesia mixture (NH4CI and MgCL, in NH,Aq), 
crystalline P04MgNH4.6Hj,0 gradually forms, 
insoluble dilute NH^q. A pp. formed by 
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NHgAq generally contains part, sometimes the 
whole, of the phosphoric acid. To detect the 
latter we dissolve the pp.in HNOgAq, add excess 
of a nitric solution of molybdate of ammonia, 
and allow to stand at 40 °C. All the phosphoric 
acid comes down gradually as a yellow powdery 
pp. of phospho-molybdate of ammonia, insoluble 
in excess of reagent, but soluble in excess of 
acid phosphate ; soluble in ammonia. Both re- 
actions are very delicate, and, in the absence of 
arsenic acid (which in the circumstances be- 
haves like phosphoric), highly characteristic. 
Phosphates in any other state of combination 
can bo brought into the orthophosphate form 
by suitable operations. II. Meta- and pyro- 
phosphatca (which besides being different in their 
own reactions from orthophosphates, exhibit 
anomalous metal-reactions); by long-continued 
boiling with mineral acids, or (what is better) 
fusion with carbonate of alkali. III. Elemen- 
tary phosphorus ^ and all oxidisablo phosphorus 
compounds ; by treatment with HNO;,Aq of the 
proper strength at the proper temperature. 
Many organic phosphorus compounds, it is 
true, cannot be thus completely oxidised, but in 
their case, we need only neutralise the nitric 
liquor produced with potash, evaporate to dry- 
ness, and fuse the residue with KOH, to convert 
all the pliosphorus into orthophosphate. 

Sul ph ur. — Analytically speaking, sulphuric 
acid is to sulphur what orthophosphoric acid is 
to pho.sphorus. I. Sulphates^ in an aqueous or 
If Cl solution, arc separated out completely by 
BaOloAq, as white, powdery, BaSO^, insoluble in 
aqueous mineral acids, and thus distinguished 
from all the baryta-pps., except the selenato and 
fluosilicate. BaSeO^ is decomposed by boiling 
IIClAq with formiftion of Cl and SeO,.., while 
BaS04 is not so decomposed. The fluosilicate 
yields no sulphide on fusion with NaXOg on 
charcoal ; and dissolved fluosilicates give no pp. 
with SrCl.Aq, while sulphates yield a pp. of 
SrSO^, slightly soluble in dilute acids. II. Acid- 
insoluble sulphates are disintegrated by fusion 
with alkaline carbonate, and treatment with 
water; a solution of alkaline sulphate, and a 
residue of the respective carbonate, oxide, or 
metal, are obtained. III. Metallic sulphides . — 
Many are decomposed by HClAq wth evolution 
of H^S. IV. The salts of the lotvcr sulphur 
acids, when heated (in solution) with alkaline 
permanganate are completely oxidised with ppn. 
of manganitc, MnO^.BaO* excess of oxidant 
used is brought into the same form by addition 
of a few drops of alcohol. The filtrate contains 
all the sulphur as sulphate. Only dithionio 
acid does not yield readily to this process of 
oxidation. All the sulphur compounds III. and 
IV., including dithionates, and many organic 
sulphur compoutids, are oxidised comnlotely by 
hot, sufticiently cone. HNOjAq. Volatile com- 
pounds (such as CS.^.) must be manipulated in 
a sealed glass tube. From some organio bodies 
only sulplmnio acids are produced ; but these, 
when fused with KOH and KNO| all yield up 
their sulphur as sulphate. 

All oxidisable sulphur compounds Ere com- 
pletely oxidised to sulphates by the action of 
basic reagents (like Na^COi, CaO, &o.), and KNO„ 
or even oxygen-gas, at a red heat. All non- 
folatile lulphur compounds yield alkaline 


sulphide when fused with Ka^OOi on charcoal in 
the reducing flame (v. Flame Tests). 

Selenion and Tellurium are closely 
allied to sulphur, but must be passed over. 

Nitrogen, in all states of combination, is 
susceptible of elimination as nitrogen gas, 
recognisable by the methods of gas-analysis. 
Another less general, yet widely applicable and 
more convenient, method is based upon the 
conversion of the clemv-ut into ammonia. 

I. Ammonia', ■•ccognlsable by its smell, its 
great solubility in water, its ready union with 
IICl to form solid NH^Cl, &c. The least traces 
of NII3, or Nil, salt in water, are detected by 
Nesslcr’s reagent (a solution of HgL and lU! 
in KOHAq) ; iodide of mercurammonium 
separates from moderately dilute solutions, as a 
brown pp., and even in the most dilute solutions 
is visible as a brown or yellow colour. II. 
Ammojiia salts', many amides (including all 
acid-amidcs) when distilled with caustic alkali, 
yield NH3 which passes into the distillate. III. 
Nitrates and nitrites in alkaline solutions are 
reduced by nascent hydrogen (KOir.\q aud Al) to 
NIIj. IV. Metallic nitrides, and all organic 
nitrogen compounds not containing their nitrogen 
in the form of oxygenated radicles or in the 
diazo-f(mn, wdieii burnt with soda lime yield 
their N as Nils. 

Fluorine. Most metallic fluorides, when 
treated (as powders) with cone. ILSO,Aq in a 
platinum crucible at a gentle heat, give off HF, 
recognisable by its etching glass and even rock- 
crystal. For the purpose of metal-detection, the 
mass must he evaporated until 0. tangible quantity 
of sulphuric acid has gone off as a heavy vapour. 
The bases remain as sulphates. 

Mixtures of fluorides and silicates, when 
heated w’ith cone. H._,S04Aq give off SiF4, decom- 
posed by water into HXiF^ Aq and a gelatinous 
pp. of SiOo, which, however, may be invisible. 
To detect the fluorine, add excess of ammonia 
to bring down all the silicon as silica (which 
filter off), and evaporate the filtrate in platinum 
on a water-bath nearly to dryness. Besidue is 
fluoride of ammonium. 

Fluosilicates. Those of the most basylous 
metals when heated dry break up into SiF4 and 
a residue of fluoride. Fluosilicates generally 
behave to boiling alkali solutions as if the silicon 
were a basylous metal. 

The Halogens (Cl, Br, I). I. The element 
tary substances are recognised by their very 
characteristic properties. When treated with 
zinc and water, they all dissolve as haloid salts of 
zinc (ZnCL, &o.), II. Haloid salts; mostly 
dissolve in water kt in HNOsAq. Even from 
the latter solution the halogen is completely 
ppd. as haloid salt of silver, insoluble in dilute 
mineral acid. III. The oxygen acids of th$ 
halogens. (Periodic acid ignored.) Of these 
only bromic and iodic give silver pps. insoluble 
(or soluble with difiioulty) in cold, dilute, HNO,Aq. 
All the rest form soluble silver salts. Theft 
alkali and alkalino-earth salts when heated dry 
give off oxygen and become haloid salts. With 
the only exception of perchloric acid they are 
all reduced by SO^Aq to halogen-hydride (€.g* 
HClOs to HCl). Hence an obvious IV. Bs- 
latively general method for the detection of 
halogen in a solution cf salts. The solntioa 
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m!x^ with ez<}ess of SO^q and AgNO,Aq, tha 
is allowed to form, and then treated with 
HNOtAq, to remove foreign salts (including 
A.gj|SO, which is not very readily dissolved). The 
pp. contains all the halogen of the solution, 
(except that of the perchloric acid) ; but it may 
besides contain — if it does not consist of — cyanide, 
thiO'Cyanate, and metallo-cyanates, of silver, 
(not to mention the sujjjhide which is easily kept 
out). An analysis can be effected by calcining 
the dry pp. with chemically pure soda-lime, 
preferably in a current of moist hydrogen. The 
nitrogen of the cyanogen radicles goes off as 
ammonia, which is easily identified. The 
residual product contains the metals of the 
metallo-eyanates as oxides, the silver as metal, 
the sulphur of the sulpliocyanogcn as alkaline 
sulphide, and the halogens as alkaline haloids. 
V. Organic halogen compounds. All these, 
when burnt with quick-lime in a combustion 
tube, yield up their halogen as haloid salt of 
calcium, extractable by cold, dilute, HNOjAq. 

m. Methods for the Systematic Examination of 
a Solution of Salts for its Metals 

•can be given only on the basis of restrictive 
Assumptions. We assume, in the outset at least, 
that the solution is so constituted that it might 
have been prepared by dissolving a set of basic 
or acid metallic oxides in aqueous mineral acid 
or alkali, and that certain rare oxides and 
certain rare combinations of things are absent. 
Some of the cases lying beyond this programme 
are dealt with in appended notes to which refer- 
ence is made in the context. For the sake of 
generality, however, we assume that all the more 
ordinary metallic radicles may be present. It 
evidently would not do to search for them indi- 
vidually and seriatim ; the only course one could 
reasonably think of is to begin by splitting up 
the given complex group of metals into a number 
of groups, so that each of these shall contain the 
whole of, and nothing but, certain metals, A, B, 
C, . . . ; to then apply the same principle to the 
groups ; and then to the groups of the second 
order; and so on until one arrives at last at 
either the individual metals, or at groups of such 
smallness that tlie side-by-side recognition of 
their members olTers no difficulty. This, at any 
rate, is the course >vhich is adopted by every 
chemist. The table on p. 221 in its first vertical 
column names tlie generic reagents which are 
customarily used for the formation of primary 
groups, and shows how these act on solutions of 
the groups of oxides named in the successive 
column headings. For the separation of the 
groups from one another it i%obviou sly expedient 
to begin by eliminating the silver group by 
means of hydrochloric acid, whicli must be added 
in instalments until the solution is decidedly 
»cid, and, if a permanent pp. appears (which 
with us can consist only of tliesc three chlorides), 
intil the ppo. is completed.* Thepp. contains 

contains Tl, the metal pawes for the 

UP" cwfiy detected by 

hffifin nSo A wlubilJty of ito 

<rottp tIi*ox Idea, i or the putfxwe of* mere meteUnaiyiis j 


tuw itid ai and 

Hg,01|, but onl^part (if any) of tholtod ; asmall 
quantity of this metal always passing Into 
filtrate. From the pirate the copper and arsenic 
groups are ppd, conjointly by means of sulphu- 
retted hydrogen. Before applying this reagent, 
however, we must make sure of the at least 
relative absence of nitrous, nitric, and ohlorio» 
acid and other oxidising agents, which, while 
not easily or completely reducible by BEjS would 
at least tend to oxidise it and impede its normal 
action. Any of the three oxidants named can 
be expelled by repeated evaporation to a small 
volume with cone, hydrochloric acid.” The 
last residue is diluted with the proper propor- 
tion of water, and (heedless of any insoluble 
oxychloride that may separate out) treated with 
sulphuretted hydrogen, first at about 70® to 
make sure that As^Oj is completely reduced 
to As-Ps, and its metal ppd. (as As 3 S,+ SJ. 
and then again after cooling, or else part at 
least of the cadmium and other copper-arsenic 
group metals, whose sulphides are rather 
unstable in opposition to aqueous acids, would 
escape ppn. 

On account of the metals just referred to, 
w’o must see that the quantity of free mineral 
acid is not excessive, but is sufficient to prevent 
the ppn. of the zinc, which from only feebly 
acid solutions is liable to pass into the sul- 
phuretted hydrogen pp. 

The ppd. sulphides are collected on a 
filter and washed with very dilute sulphuretted 
hydrogen water, to constantly re-sulphurise 
what may have become sulphate by the action 
of the air ; the first instalments of wash-water 
being acidified to the extent of the mother 
liquor, to prevent ppn. of iho zinc. In order 
now to separate the two groups, the pp. is 
digested on a water-bath heat with undiluted 
yclloio sulphide of ammonium ; an excess of 
sulphur in this reagent being necessary, chiefly 
on account of the stannous sulphide, SnS, 
which becomes soluble only through conversion 
into stannic, SnSj. To effect a complete sepa- 
ration, tho treatment with sulphide of ammo- 
nium may have to be repeated with the first 
residue. Tho copper-group sulphides are filtered 
I off and washed with warm water mixed with a 
little sulphide of ammonium. From the filtrate 
the arsenic-group sulphides are reproduced by 
acidification with dilute sulphuric acid;- after 
expulsion of the dissolved sulphuretted hydrogen 
by a gentle heat, they are filtered off, and 
w'ashcd with plain watt-r (sulphuretted hydrogen 
water would dissolve sulphide of arsenic As^Sj), 
Tho pp. is liable to bo contaminated with 
sulphide of copper ; this can be eliminated by 
treatment with warm dilute caustic potash, 
which dissolves the orsonic-group sulphides 

a pretty safe rule is thla. If a eolntion on adding HOlAq 
pp., repeat the experiment with 
ii«u,Aq; If no permanent pp. is produced, liClAq will 
act normally as a chloride ; If a pp. la formed, it mutt be 
filtered off and analysed for the metals that may be In it. 
(as sulphides, e.g, A8,S,; or chlorides such as AgOI, &o., 

MiochKidtiT ‘ 

of mettlllo oxides with 
^ remember the volatility of AsOU 
BbCJ,, SbCU SnCl*, BIC1» Tho evaporation is best ooal 
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only. From the filtrate, these shlphidos can be 
recovered by acidification, in their original 
form. After elimination of the copper and 
aTsenic groups, the harium-group may be sepa- 
rated out by means of sulphuric acid. The 
barium comes down at once (as BaSOJ, the 
Btrontium gradually, on standing and keeping 
warm. From the filtrate from these two sul- 
phates the calcium can be ppd., after due con- 
centration, by judicioys addition of alcohol, 
and allowing to stand for, say, 12 hours. The 
calcium sulphate is filtered off and washed, 
first with dilute, and lastly with strong, alcohol. 
The filtrate, after removal of the alcohol, is 
ready for the elimination of the iron-group, &o. 
This method is the host that can be adopted if 
an analysis for the barium-group metals is our 
principal object; it also offers certain other 
specific advantages ; yet the majority of chemists 
prefer (after application of sulphuretted hydro- 
gen in the presence of acid) at once to separate 
out the iron-groui\ by means of sulphide of 
ammonium. The addition of this precipitant 
must of course be preceded by the neutralisation 
of the free mineral acid of the solution with 
ammonia; if a sufficiency of sal-ammoniac is 
not thus produced incidentally, some sal-am- 
moniac must be added, to bring the pp. into a 
fit condition for filtration. But we have no 
space for these technicalities, and accordingly 
assume the pp. to have been filtered off and 
washed with warm water mixed with some sul- 
phide of ammonium, so as to remove the whole 
of the mother-liquor. This liquor, by theory, 
contains the whole, in practice it may bo as- 
sumed in general to contain the bulk, of the 
barium-group metals and of the mapesium, in 
addition to the whole of the alkalis. For its 
analysis, the barium-^oup is ppd. by means 
of carbonate of ammonia added to a warm solu- 
tion. In the presence of ammonia-salts, of 
which as a rule there is more than enough, 
only the barium-group metals are ppd. as 
carbonates ; the pp. is collected on a filter, and 
washed with hot water. Part of the filtrate 
serves for the detection of magnesia by means 
of ammonium phosphate. The rest of the 
filtrate is evaporated to dryness, and the residue 
calcined. The ammonium-salts volatilise, or at 
least their ammonia does, and there remains a 
residue containing only magnesium and alkali- 
metals, which latter can be detected without 
elimination of the magnesium by suitable 
methods. 

In regard to the analysis of the groups, our 
space docs not permit us to do more than 
shortly indicate how the sulphide of ammonium 
pp. (which may be of very coipplex composition), 
can be split up into minor groups. Before doing 
so, let us state that in the presence of representa- 
tives of a certain group of acids which includes 
HaVO^HF.HjBOa, and certain organic acids, e.g. 
oxalic, the pp. is liable to contain part, or all that 
there is, of barium-group metals and of magne- 
sium, as salts of the acids named. A thoughtful 
analyst takes care to keep these inconvenient 
acids out of the solution ; but the introduction 
of phosphoric acid is often unavoidable, and we 
therefore assume it to be present. Whether this 
acid is present or not, the cohalt and nickel 
tan be eliminated, approximately at least, by 


treatment of the pp. with odtd, dfinte * ECIAq, 
and removed by filtration* The filtrate is next 
tested for iron, best by adding a few granules 
of chlorate of potash and boiling, when the iron 
assumes the form of ferric salt, and becomes 
visible by the intense yellow colour of its hot 
hydrochloric solution, and at the same time 
assumes the right form for the next step, which 
aims at a separation of the metals present as 
Fo.^Clfi, Al^Clfi, Cr.Clg, and the phosphates, from 
the metals (manganese, zinc, (&c.) present as 
dichloridcs. Of tho various methods which we 
have for their separation, the most convenient 
for general purposes is the following : — 

After having made sure of the complete 
reduction of the manganese (MnoCl,i) to man- 
ganous chloride by sufficient boiling with hydro- 
chloric acid, we allow to cool, dilute pretty 
considerably, and next add (sal-ammoniac if 
necessary, and) ammonia, drop by drop, until 
the mixture is alkaline. Wo then (without 
losing time and giving tho oxide of manganese 
much chance to get per-oxidised), boil until 
the vapours cease to smell of ammonia, and 
filter. The pp. contains all the iron, alu- 
minium, and chromium, and all tho phosphoric 
acid as lime-salt, or in other forms ; the filtrate 
contains at least part of the zinc, manganese, 
and in general part of the rest of the protoxides. 
If tho sesquioxide-pp. is bulky, it must be re- 
dissolved (after a few washings) and re-produced 
by a repetition of tho first operation. From tho 
protoxide filtrate, tho zinc, after acidification 
with acetic acid, can be ppd. pure by fractional 
ppn. with sulphuretted hydrogen-water in the 
cold. The manganese, traces of nickel and 
cobalt, and in general much lime, baryta, and 
strontia, remain dissolved. • 

The sesguioxides-^^."^ (if chromium be pre- 

• The cohalt -nickel pp. never contains the whole of these 
metals; part passes into solution, and ultimately finds its 
way Into tho * protoxide filtrate* In addition to its normal 
compunents it is liable to contain sulphide of zinc, and 
perhaps traces o£ other irou-Kroup metals, and any 
cadmium, antimony, Ac., that may have been allowed to 
slip into the filtrate from the sulphuretted hydrogen pp. 

* If tho solution contains uranium, this, in our scheme 
of analysis, goes with the iron, and consequently has to be 
looked for in the aesquioxide pp. ; from which it can bo ex- 
tracted by digestion with warm, concentrated, solution of 
carbonate of ammonia. To pass now to a number of rare 
metals, which we hare so far entirely ignored: 

Palladium, in our system, belongs to the copper-group. 
It is characterised chiefiy by the utter insolubility and 
black colour of Its iodide. 

Platinum and gold go Into tho arsenio group ; only the 
sulphides are not easily soluble in alkaline sulphides. In 
almost all prootical coses they can bo kept outside the 
solution intended for the detection of the metals by suit- 
able methods. If they are unavoidably present, they are 
best separated out; the gold by ferrous chloride (aa 
metal); the platinum, by means of solid sal-ammonlao 
a»idcd to the concentrated solution, as PtCl.dlll*),, which 
must be washed with the least possible quantity of a solu- 
tion of the precipitant. 

Titanium, as TiO„ in the analyst’s sense stands 
between Sid, and AlgO.. In our system it goes with ths 

AlA- 

Jieryllium behaves to our group-reagents like AlaO„ bnl 
it is far more easily soluble in sal-aramoniao than alumina 
is. Unlike it, it dissolves in carbonate of ammonia, and 
does not form an alum. 

The rare earth msfa/#, cerium, lanthanum, dto., &o., must 
all be passed over here. 

(easily detected by spectrum analysis) bohavet 
on tho whole like K and No, but unlilro them forms au 
insoluble phosphate producible by evaporating its solution 
with phosphate of soda plus caustic soda «.«. withNa-PO*), 
to diyuess, and treating tho residue with water, when it 
remains. From magnesia (if ammonia salts are abaenl) II ' 
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sefit) 18 best analysed by fusion with caustic 
potash and nitre in a silver dish, and treatment 
of the fused mass with water. Should the 
solution be green from manganate, this must be 
reduced (to MnO.J by addition of a few drops of 
alcohol and heating. The mixture is then 
filtered. The filtrate contains the chromium as 
(yellow) chromate, the aluminium as aluniinate, 
nnd part, in general, of the phosphoric acid as 
phosphate. Tlie residue contains oxide of iron, 
magnesia (^IgO), and possibly barium -group 
metals as phosphates. 

The Determination of the Non- 
Metallic Components . — Our systematic 
methods for the detection of the metals con- 
tained in a solution of salts are far less ham- 
pered by onerous conditions than are most of 
our methods of acid detection. Hence the 
general rule to first complete the analysis for 
metals before attempting the systematic and 
exhaustive search for the non-metallio compo- 
nents. How far the solutions obtained in the 
disintegrations are available for the latter 
purpose, and the respective methods of proce- 
dure generally, depend chiefly upon whether 
we merely aim at the detection of the non- 
metallic elements as sucli or at that of the acid 
radicles contained in the substance. All wo 
could say in regard to the former case is antici- 
pated in the section on the ^Detection of 
certain elements^ d)c.’ (p. 217) and the latter 
is not susceptible of being treated instructively 
in general terms. In regard to it we must refer 
to the special hand-books. 

Quantitative Analysis. 

The general problem of quantitative analysis 
defines itself. It^ solution, scientifically at 
least, assumes its simplest form, if the thing to 
be analysed is given as a free substance and the 
(let us say one) component to be determined can 
be separated out exhaustively in the form in 
which it is meant to bo reported. In such a 
case all that is required, in addition to the 
analysis proper, is the numerical definition of 
the two quantities concerned. Of the several 
direct methods which we have for this purpose, 
only two need be mentioned ; one is to measure 
the vohime of the body under stated conditions 
of temperature and pressure, the other is to de- 
termine its weight. The former method is 
confined in practice to gases and liquids; the 
latter is applicable, and indeed is applied, to 
bodies of all kinds, and, when we have choice, 
applied preferably. The volume of a body is a 
function of temperature and pressure, and its 
numerical statement is consequently encumbered 
with the necessary reference to— in general — 
two corresponding standards; the weight of a 
given body depends only on the intensity of 
gravity, and even this variable in practice is out 
of court, because, in chemistry we always use 
that well-known method of relative weighing 
which measures the weight of the body not in 
terms of a unit-force but as a multiple of the 
weight, at the time and place, of an adopted 
standard mass, viz. the unit-piece of oir set of 

iB separated by solution of baryta in a warm liquid which 
ppB. only the magnesium as Mg(OH),. 

Rubidium and eerjium, in any scheme of analysis, follow 
potassium to the end. 


weightc* The result of such a weighing is inde- 
pendent of the prevailing force of gravity, and 
consequently not subject to any variation; it 
consequently, at least, indexes the mass with 
perfect definiteness. We, moreover, know that 
it is independent of any chemical change within 
the body (or set of bodies) weighed. A mass of, 
for instance, sulphide of copper weighs precisely 
as much as the two components did conjointly. 
Hence for chemical purposes our method of 
weighing might safely be Viewed as a method of 
true mass-measurement, even if Newton had not 
proved that equal weights (chemically deter- 
mined) correspond to equal in&rtias. 

The method of direct quantitative analysis 
explained is the only one which suggests itself 
when the component to be determined is a 
chemically indefinite mixture (such as for 
instance the mixture of salts contained in a 
natural water) ; it applies to a good many other 
cases; but of course breaks down whenever the 
body to bo determined is an imaginary radicle 
such as SO4 or CIO3, &c. In such cases (and 
many others as a matter of expediency) we 
determine the component by one or other of our 
indirect methods of mass measurements ; which, 
however, all come to this, that instead of the 
unknown mass we measure some other quan- 
tity g, which bears to a? a known fixed relation, 
a5=/(2,»?i), where mis a mass which must be 
measured directly, although the analyst does not 
always do this at the time, or himself at all. 

Most of our determinations in analysis are 
uncertain by at least 0-001 of their values, and 
a higher degree of relative precision is afforded 
by any fair ordinary balance. But the nature 
of our methods compels us, in general, to work 
on small quantities— wo rarely care to start 
with more than one gram of a given solid — 
and besides the products to bo weighed can in 
most cases not bo placed on the bare pan, but 
must bo shut up in apparatus weighing perhaps 
100 or 1000 times as much as themselves. The 
net weight then comes to us only as a small 
difference between two largo weights directly 
determined. So it comes that oven for the ordi- 
nary routine of quantitative analysis, we need a 
balance which to be generally useful should 
carry about 100 grams on each side, and with 
this charge turn distinctly with anything greater 
than, say, 0'2 milligrams. 

The Chemical Balance.* 

In its present form the chemical balance is 
nothing more than a refinement upon the ordi- 
nary beam, and scales to be seen in any grocer’fl 
shop; it is a more perfect realisation of the 
same ideal machine. There is an absolutely 
rigid beam, suspenT’ad so that while it oscillates 
freely about a certain axis, every point of which 
is fixed in reference to the stand, it cannot per- 
form any other motion. From two points 
which lie in the same plane with the axis of 
rotation— one a near the left, the other b neipp 
the right, end,— the pans are suspended by 
means of absolutely flexible linear strings. 4 
and B are equidistant from the axis of rotation* 
The form of the (ideal) beam is arbitrary; so in 

* Partly abstracted from the writer’s memoir : Uebtt 
die Waaue desChemikert 
mSl, sin IBS.}. 
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» sense is its mass, wbioh, however, must bS s6^ 
> distributed that, supposing the line ▲ b to be 
horizontal, the centre of gravity of the empty 
beam lies vertically below, though very near, 
the axis of rotation. Let us at once add that in 
the actual instrument the weight of the beam 
should be no greater than is necessary to ensure 
to it sufficient stability of form in all circum- 
stances, because the greater the weight of the 
beam, the greater {ccBt. par,) the friction in the 
axis of rotation, ancl the greater the time of 
vibration. 

Of the difficulties involved in realising the 
ideal machine, that of producing a light and yet 
practically inflexible beam seems to have rested 
most heavily upon the minds of the earlier 
makers ; but there can be no doubt that many 
of their efforts in this direction (which occasion- 
ally resulted in what we should now call fan- 
tastical beam forms, such as hollow ellipsoids or 
double cones, monstrous skeleton forms, drc.) 
must be traced back to their inability to reach 
a sufficient degree of precision in the geometric 
adjustment of the three pivots, and their thus 
charging against the flexibility of the beam what 
was really owing to these defects in the adjust- 
ment. As these difficulties were overcome, beams 
assumed less fantastic forms. Sacr6, of Brussel^?, j 
we believe, never uses any but plain rod-shaped i 
beams for even his finest instruments; most j 
balance-makers, however, prefer the form of a . 
largely perforated rhombus or flat isosceles 
triangle; and thereby attain all that is needful 
even for the bc.st instruments without offending | 
the eye by unduly stretching the maximum see- I 
tion, or without using anything more rigid, ; 
intrinsically, than hammered brass or some 
kind of hard bronze.* 

In all modern balances the axis of rotation 
is sought to be realised in a straight linife-edge 
ground to a prism of hard material, which is 
firmly fixed to the beam traversing it cross-wise, 
and rests — in the best balances along its entire 
length - on a horizontal, plane, (and e(iually hard) 
bearing fixed to the stand. The arrestment is so 
contrived that, besides doing its primary duty, it 
secures to each point of the knife-edge a fixed 
position on its bearing whenever the balance 
works. In former times both bearings and knives 
used to be made of hard steel ; subsequently 
agate bearings came to be combined %vith steel 
edges, and this is still the most popular com- 
bination ; although llobinson long ago introduced 
agate knives in conjunction with agate bearings. 
The agate knife adds nothing to the precision 
or mechanical durability, but for laboratory 
balances offers the groat advantage of rendering 
the system proof against af,id- vapours ; accord- 
ingly it is gaining more and more in popularity. 
Quite lately an American lias introduced as a 
material for both knives and bearings that very 
hard (and acid-proof) alloy of osrniumand iridium 
which is used for the tipipng of stylograph 
•pens. 

The point pivots, A and b, used to bo realised 
visibly by m^ans of two circular knives fixed to 
the end of the beam so that their working-edges 
were parallel to the axis of rotation. From the 

* For farther Information regardinsf this question wc 
»*Icr to the wrltcr’i^emoir 'luotcd In footnote to p. 228. 
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pf f shaped books oi steel wire. In this way 
a very high degree of precision can be attained, 
and the system when well executed is more 
durable than one would think, but with balances 
used for heavy charges it cannot possibly last 
for many years. 

In the better system introduced by Kobinson 
of London half a century ago each extremity of 
the beam is provided with a knife-edge similar 
to the central one (except that it is turned up- 
wards) ; on each knife-edge rests a stirrup-shaped 
(or J-shapod) contrivance, terminating in a ring 
below, and from this ring the pan is suspended 
by a hook. This, of coarse, comes to the same 
as if the pan were suspended from the projection 
of the working point of the hook-and-eye arrange- 
ment on the respective knife-edge ; so that the 
latter need not be absolutely parallel to the axis 
of rotation. Flat end-bearings demand a some- 
what cumbrous and expensive appendage to the 
arrestment to secure to each point of every edge 
a fixed position on its bearing in the working in- 
strument. 'Hence Staudinger, and many other?, 
prefer to combine (long) end-knives with roof- 
shaped bearings, which, in virtue of their shape, 
' fall into their prescribed positions without 
external aid. 

In now passing from fundamentally impor- 
tant to subsidiary points, the arrestment ought 
to be taken up first ; but we could not possibly 
do justice to this (practically all-important) sub- 
ject without workman-like drawings and lengthy 
descriptions. We therefore pass on at once to 
the ncedl-e which serves to define the position of 
the beam in reference to the plumb-line. 

In the precision-balance the needle is made 
to point downwards towards a scale fixed to the 
lowest convenient point of tlie pillar. The zero- 
point defines the ‘ normal position ’ of the beam, 
i.e, that position in which its centre of gravity 
I lies vertically below the axis of rotation. The 
I scale is so divided that the radii drawn from the 
axis of rotation througli the marks divide the 
' tangent to the circle described by the oscillating 
needle, at the zero point, into pieces of equal 
length, which in most practical cases means 
into degrees of equal angular value. 

To avoid the use of small weights, each arm 
of the beam, in most balances, is divided into 
ten equal parts in the sense that the projections 
of the marks on the line a n connecting the two 
point-pivots divide the distance from the 
central pivot to (say) b into ton equal parts. A 
rider weighing ton mgras., when .suspended dh 
mark 1, 2, 3, &c,, acts like 1, 2, 3, Ac., mgms. 
placed on the pan. In most balances, however, 
points 0 and 10 are inaccessible. Becker’s 
Sons, of Botterdam, avoid this inconvenience by 
dividing each arm into twelve equal parts, and 
providing a rider of twelve mgms. weight. Some 
makers make the top bar of tiicir beams straight, 
and exactly parallel to the plane of the three 
pivots, and let it project beyond the terminal 
edges, besides keeping it clear of encumbrances, 
so that the rider can move freely from one end 
of the beam to the other. This system, besides 
its obvious advantages, admitflSof the use of 
heavier riders ; because tlic increase in sensibility 
caused by the presence of the rider is the same 
at any position which it may have { only the 

e 
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' la proceeding now to develop the statical 
theory of the preeiaion-balance we will assume, 
for a first approximation, that the throe pivots 
are physically and geometrically perfect in 
themselves, but, for the sake of greater gene- 
rality, we will not assume that the knives are 
exactly in their intended positions. Imagine a 
system of rectangular co-ordinates fixed to the 
beam so that, while the z-axis coincides with 
the axis of rotation, the x-axis goes through the 
centre of tho middle knife, and runs parallel to 
the line a b which joins tho two point-pivots. 
Let tho co-ordinates of a and b, of the centre 
of gravity s„ of tho empty beam, and of a certain 
point 0 to bo defined presently, be as follows : 

A n s, 0 

»= -r +r 0 X, 

y=, +/i* +h* So 2/o 

Let p' denote tho total charge from a, p" 
that from b, and Wo the weight of the empty 
beam ; the joint effect of these three weights is 
the same as if they were all concentrated in some 
point 0 at x = Xq and y-y^i. For calculating 
purposes wo may assume gravity in one case I. to 
act in tho direction of tho v-axis, and in a second 
II. in the direction of tho x-axis ; we then have : 
( Case I.) . p'' V* - p' y = (p' + p" + wJiTo . I. 
(Case 11.) (p' + p")/i + w„s„=» 

(p'-i-p"-hw)(p'-f-p" + Wo)t/o . II. 

In any sensibly constructed balance things 
are so arranged that, under all circumstances 
that come into practical consideration, tho 
centre of gravity o of the whole system lies 
outside and below the axis of rotation {ix. that 
y{,>o). Assuming both and to have 
positive values, and the beam to be loft to 
itself in its normal position, it will turn, and 
tend to assume tliat position in which o lies 
vertically below the axis of rotation. Tho radius 
oc then describes an angle equal to that which 
separates oo from tho v-axis, and obviously, 

To bring the equation into a handier form 
for our purposes, let us separate p' and p" into 
parts, thus; p'-j/„+y, and where 

the PuS stand for the weights of tho empty 
pans, which are always so adjusted tha,t p'J' 
pt/T) let us then lump with tho weight 
of tho beam as w^ and write 

p'T-p'l' 

‘“•“=(2?!:],'') ;™ • • • 
where s has an obvious meaning. We then 
have for x^ the equation 

p'T -p'l' = (n' H-j)" wjXp. 

This equation may be said to state tho theory 
of the ordinary method of weighing. To find 
the weight p' of a given body we place it on the 
left pan, and then try heavier and lighter com- 
binations of standards on the right, until we 
have found out that one (representing p'’ 
grams) which reduces x^ to nothing, so that tho 
balance is at rest at, or it vibrates about, its 

normal position.^ We then have 

VoT more exact ioformatlon see the writer’s memoir, 

pagem 

* means * below 
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In Ibnmilating the relation between a small 
overweight on one side and the corresponding 
angle of derivation a, we may take V = l" (as it 
really is very nearly in all well-adjusted balances)^ 
and {ioTp'=>p and p'' A) write 


tan. a 


ws + 2ph 


ly. 


where a means tho angle through which tho 
position of rest turns in conscqiiciico of the 
addition of A units of to the right pan, 

the charge before Ifavmg been x=p on each 
side. 

In practice tan. a is measured in degrees of 
the scale. Supx)osing a corresponds to degrees 
of the scale, and tho index-length is J in 
degrees, we have 

— . . . . V. 

J W3 + 2ph 


The ratio — defines the sensibility of the 
balance ; we have for it 


n ^ 

"a * 


VL 


I J 

ws + 2ph 

and for its reciprocal, , the weight-value of 
1° of tho scale, 


1 _ ws h2p/i 
n Z J 


. VII, 


For ^ = 0, tho term 2ph vanishes, and the 
sensibility becomes independent of tho charge. 
In the actual instrument h is a function of the 
charge, of the form /i = 7io + /3jP» where jS is a 
small constant depending on the coellicicnt of 
elasticity and tho configuiation of the beam. 
For a given charge, a good maker has no 
difficulty in bringing h down to less than i O’Ol 
mm. The best instruments are so adjusted that, 
for a certain medium charge, h = 0, so that for 
p = 0 it has a small negative, and from p = 
maximum charge a small positive, value. The 
relative change in tho sensibility involved in 
passing from p = 0 to p-p, is shown by the, 
equation 

_ 2ph 
Eo“* ws 

and consequently is the less (cict. par.)^ the 
greater s, ix, tho less tho initial sensibility, 
B„. It (Z.C. the left side of our equation) comes 
to its minimum (assuming p to represent the 
maximum charge) if the balance is so adjusted 
that, for the charge 0-83 p, /t-^0. Supposing 
this rule to be generally adopted, the relative 
inconstancy of the sensibility is independent 
of tho arm-length (see tho writer’s memoir, 
p.318). 

No balance is complete without a ' gravity- 
bob,’ a small button cr sphere of metal attached 
to a wire which stands vertical on tho top of 
the beam (in tho v-axis) so that it can be 
screwed up and down into any position. Matters 
are arranged so that when the bob js quite 
down the sensibility is below the loy^t value 
we care for, while, by screwing up thoj||||b to its 
highest place, we can bring C injjt^iifiy^yfln a 
little to the wrong side of, the axipH^Ktbtion. 
Hence it would appear that, by screwinS^p the 
bob sufficiently we con get our balance to turn 
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visibly with ssy 0*001 mUligram or anything 
less that we might care to name. So indeed it 
would be if our fundamental assumptions could 
be— and were— realised. In practice, however, 
the knife edges are not absolutely straight nor 
the bearings absolutely plane, and neither are 
absolutely rigid. Hence the three axes, instead 
of being always at aj a, o, b respectively, so to 
say oscillate irregularly, each from a; — A to 
« + A, where x is the theoretical x. In going 
more fully into the luiatter we see that as a con- 
sequence the balance at a given charge (say 
left ; p right) is in a state of indifferent cquili- 
riura within a small angle ± )3, which, of course, 
is the greater the greater is e. But the weight- 
value 6 of this angle is constant, and is governed 
by some equation like 

‘=y(w + 2i)) 

where ‘ A ’ is meant to lump the joint effect of 
the three As previously referred to. (■ may 
be called the ‘ inherent error ’ of the balance. 
There is obviously no use in screwing up the 
bob any further than necessary to render this e 
(i.e. angle /3) distinctly visible. It may be in- 
expedient even to go so far, because, in pi-actice, 
we never aim at the absolutely true weight, but 
at a value sure to differ from it by no more than 
say ±0-1 ingm. The angle corresponding to 
this need not be more than distinctly visible. 
To make the angle greater than necessary 
needlessly adds to the time of vibration which 
may already be inconveniently high. Because 
the time of vibration (t in seconds) is governed 
by the equation 

+ _ Yjjj 

n { w„So + 2(no+jP)^} 

where U denotes the length of the pendulum 
beating seconds at the place of observation. 
feWflZ* denotes the momentum inertire of the 
empty beam in reference to the axis of rotation. 
The denominator of eq. VlII. suggests the 
expression given in eq. VII. for the sensibility 
E. Combining the two wo have 

{(fcw„ + 27J„) + 2f-lE . , IX. 

The bob enables us to choose our own e. or our 
own t (for a named charge), but it docs not 
enable us to choose both. We of course refer to 
a ready-made balance ; in the hands of a me- 
chanician who designs a balance for a stated | 
purpose, I becomes an arbitrary variable, and 
the equation then assumes something like this 
form : 

= l{c + kbl + 2p) E , . . . .X. 

where c and b are constants whose meaning is 
sufficiently apparent. In words ; Whatever 
(reasonable) value for e may have been fixed 
upon we can bring down t (for say p = 0) to any 
desired figure by making I sufficiently small. 
But where shall we stop? For high-class 
balances intended to weigh up to 100 grams, 
mechanicians used to draw the line at Z = 180 to 
200 mm. These values (perhaps more by dint of 
habit than on rational grounds) were retained 
until about twenty years ago, Whiitt P. Bunge, 
of Hamburg, introduced a ne'" '*»- 


stroment, in .whioh the airmdength is reduced 
to some 60 to 65 mm. Thanks to the general 
excellence of Bunge’s work, these short beams 
soon became very popular among both chemists 
and mechanicians ; and it therefore is worth 
while to inquire what their specific advantages 
as short-beam balances amount to. 

For this purpose the writer, some years ago, 
determined the constants of eq. X. for a very 
excellent Oertling (hectogram) balance, which 
he has in his possession, (its Z = 18'l mm.), and, 
taking it as a general model for an imaginary 
genus, calculated the values of t for a number 
of charges and sensibilities, assuming I to be 
equal to (a) 180 mm. and (6) GO mm. He 
found for 

I. B = 2 degrees of the scale per 1 mgm, 
of over-weight.^ 
if Z = 180 mm. GO mm. 

forp = 0;Z= 7"-7 3"-G 

The short beam obviously vibrates too fast for 
high-precision work. To set this right let us 

screw up the bob on botli sides, so as to double 
the sensibility. We now have 

II. e = 4 degrees per mgm. 
if I = 180 mm. GO mm. 

£orp= 0; ir*0 6"-2 

a3p=30; f= 14"-8 7"*8 

asi;=100:Z= 21"-2 11"'G 

2*23 

The times of vibration no doubt assume the 
more convenient values in tlin shorter beamed 
instrument. But wliat does this amount to 
practically? In our opinion not to ns much as 
some people seem to think. We arc inclined to 
think that the short beam offers material advan- 
tages to those who are accustomed to the dead- 
beat method of weighing (see below). All those 
who prefer the method of vibration will on 
the whole, we think, faro better with the old 
form of the instrument. But this, to be com- 
plete, should be provided with the two following 
auxiliary contrivances of the writer’s invention; 

I. An auxiliary small hob'^ attached by 
more friction to the upper part of the needle, 
which has the form of a triangular prism and 
is (virtually or actually) graduated, so that one 
is able, at a moment’s notice, to give to the 
weight-value of 1° of the scale any convenient 
pre-determined value, to make it equal to 
exactly 2, 1, 0’5, 0*2 &c.mgm. as ho may please. 

II. A microscopic arrangement “ for reading 
the excursions of tlie needle. A narrow ivory 
scale, divided into very small degrees, is fixed 
to the needle near its lower end, so that a micro- 
scope which is fixed slantingly to the stand but 
passes through the central (fixed) portion of the 
front pane enables one to read it. The micro- 
scope has a vertical wUfe in its focus ; this wire 
appeals as ^ vertical lino crossing the image 
of the scale. Every degree of the micro-scale 
corresponds to exactly 0*1 degree of the ordinary 
scale, which latter does duty as usual. As the 
microscope reverses the imago, the apparent 
motion of the ‘ wire ’ on the micro-scale is in the 

* /«. the addition of 1 mRin. causfs the needle to oscil- 
late between 0 and ± 2° ; 1® in the given Instrument* 
1 mm. very nearly. 

• Pr. K., 1876 ; C. N. 83, 157. 

■ /M/rumai/enJtund^, 1683, 
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•ame aezue as the real motion of the needle in 
reference to the ordinary scale, so that there is 
CO fear of . blunders through mistaking plus for 
minus. The writer is indebted to Mr. Oertling 
for having executed this arrangement for him 
in^ a most masterly manner. Though intended 
originally to bo reserved for special work, such 
as weight-testing Ac., it was found so convenient 
that both the writer and his assistants use it 
preferably for even their everyday weighings. 
The specific advantage of the microscope ie that 
it enables one to adjust the ‘bob’ so as to pro- 
duce the most convenient time of vibration. 
The microscope more than makes up for the 
involved loss of sensibility. 

On Weighing. 

A precision-balance should stand on an un- 
shakable table, and should not bo exposed to 
tho risk of one-sided elevation of temperature. 
Before being used for a scries of weighings it 
must of course be sot in order, which includes 
that tho case bn ‘levelled,’ so that the plane 
including tho axis of rotation and tho zero of 
the scale is a plumb-plane. Tlio next tiling to 
do (if necessary) is to bring the ‘bob’ int » its 
proper position ; ix, to place it so that the 
least difference of weight wo care for just be- 
comes visible as an angle of deviation and no 
more, because to increase the sensibility beyond 
what is needful means needlessly to diminish 
the range of weights determinable by vibration, 
the constancy of tlin sensibility, and tho rate of 
vibration. This rate of course must not be 


the needle, and from these caloulate the posi- 
tion of rest. Supposing we count distances 
traced by the needle in moving from 0 to the 
left as positive, and those to tho right as nega- 
tive, and the needle turns successively at n„ Wj, 
» 4 , W 5 , degrees, we have for the position of 
rest, 4 values, 

U^h+n.J); -l{n, + n,); + + 

and the mean of these four values gives the 
reading corresponding to the position of rest. 
But tlie factor can be dropped, because we are 
evidently at liberty to measure in lialf-dcgrees. 
By taking an odd number of readings we elimi- 
nate the error caused by what the needle loses 
in passing through its path ; for ordinary prac- 
tice 3 readings are sufficient. It suffices to deter- 
mine n^ = (say) + 4*2 ; n., = —10; 1 I 3 = + 4-0, and 
compute ‘ o ’ = mean of + 3 2 and + 3*0 + 3*1, 

111 this case the right pan is too heavy by 3*1 x 
k mgms., if k is the weight-value of 1° at the 
; respective charge. In a good balance k is almost 
independent of the charge ; the writer’s supjile- 
' ineiitary bob of course enables one to give it a 
! pre-determined value. How k is determined 
need not be explained. 

Supposing p grams to have established exact 
equilibrium, the object weighs 

r 

x=py gratis* 

Tho several weights which enter tho calculation 
of an analysis need only be relatively correct. 
Hence, if all the weighings involved are made 
on the same balance and with tho same set of 


allowed to fall below a certain limiting value. 
In the writer’s opinion, t = b" is about tho 
lowest permissible limit for relatively heavy 


weights, and tho objects are always in the loft 
; pan, in any such series we may adopt ~ grms. 


charges. Next, the balance must be brought ' as our unit and say a; 

* into equilibrium ’ at least approximately. For! We do not consider it necessary to quote 


this purpose Ocrtling’s balances carry a vane 
at the top of the beam, consisting of a little 
lever hinged to the wire of the bob, which can 


examines of cases in which as a matter of prin- 

r 

ciple -p daro not bo cancelled ; we rather say 


be turned round, so as to shift the centre of ' 
gravity to tho right or left.’ A better arrange- i 
ment is a small horizontal gravity bob at one 
end of tho beam. For simplicity’s sake we 
assume that the balance has been brought into 
perfect equilibrium, so that the needle in tho 
vibrating instrument moves forw.ards and back- 
wards between + 71 ° and —n°. To weigJi an 
object (which, to fix ideas, wo will assume to be 
a solid, and non-hygroscopic), tho ordinary mode 
is to place it on tlio left pan, and then coun- 
terpoise very nearly with standard weights, say 
p grams, on the riglit. In order now to deter- 
minf the small ad(litional weight wliicli is ro- | 
quired to establish ijorfect equilibrium, wo may 
use one or other of two methods. In tlio 

Dead’hcat method we simply continue our 
trials, until the needle vibrates about tho zero 
an its position of potential rest. It is, liowover, 
hardly possible for any thinking person to use 
this method without at least iiistinctivoly com- 
bining it with 

The method of vibration^ which in its most 
exact form consists in this that we note down 
(at least mentally) the successive excursV>ns of 

‘ A vane with properly graduated limb Ig ag good ag a 
^ rider ’ ; better In faot, inasmuch as it is not liable to drop 
off and got lost ; this innovation was proposed by Hempel, 
bat ha« not met with muoh favour as far as we know. 


that in all precision-balances worthy of the name 
I" . 

y is very small, not more than 0*00005 at the 

[ most. If the empty balance was in equilibrium 
i at fa^ degrees wo must add, if at —a^ degrees 
I we must subtract, %k mgms. from p. 

Absolute Weighing. 

Absolute precision -weighing in the chemical 
laboratory hardly occurs otherwise than in this 
sense that we may have to determine the weight 
of an object in terms of an arbitrary (but for 
tills occasion absolute) standard. For this we 
have two method.^. 

I. The Method of Substitution. The object 
is placed in one pan jf the balance, and coun- 
terpoised exactly by some suitable tare placed 
in the other. We thi ii take off the object and 
put on standard weights until equilibrium is 
again established. If the method of vibration 
be used, the immediate result is the proof that 
the constant tare was balanced by ( 1 ) x grams 
of object plus 5 grams, and (2) by p + 8 .^ grams 
of standards. Whence a; + 83 — 5,, 

II. The Method of Beversion. After having 
brought tho balance very nearly into equilibrium, 
we ascertain the number of grams which have 
to be placed in the opposite pan to exactly 





' balance the (^jeot, once with the objeei on the 
left» and once with the object on the right, side, 
Assuming, for greater generality, that the right 
pan was from the first too heavy by S grams, we 
have 

I. xl' = (p" 4 5) I" by tho first trial. 

II. (a; 4 5) V'=-p‘V by the second trial. 


Assuming for a moment that V = V' (as we 
always may if x is small), we obviously have 
2a; 4 5 =^>' 4^' 4 5; <j>r a; = ^ (p' 4 jp'O*. 

We will now drop this assumption, but as- 
sume that 5 is so small that the balance cannot 
distinguish between 51' and 5^; then we may 
write as 

I. {x^5)V=p'T. 

II. {x + 5) l''=pT. 

Whence, by multiplication, 

pY « (a;-5)(x 4 5) = 


It is always possible to make a guess at the 
5- 

maximum value which — could possibly have ; 
x^ 


supposing 5 = ± 0*001 grm. and x (i.e. p' or p") =» 
about 10 grms. 5^-^a;2 = l-f-10* and can be neg- 
lected. In practice wo take care not to allow 5 
to assume a greater relati ve value, and compute 
by *2 =p'p" or x=Vp'p'f for which expression 
we may substitute J (j/ +p")f if p' and p" differ 
by less than, say, p mgms. 


On Sets of Weights, 

A set of weights to be fully on a par with a 
given balance must be so exactly adjusted that 
no combination of the several pieces which can 
ever occur is wrong by more than the inherent 
error ‘ e ’ {v, supra) of the instrument. This 
means that chemical weights, to bo properly ad- 
justed, require a balance of a very high order. 
But even the most perfectly adjusted set is of 
no permanent value unless the substance that 
it is made of offers a sufficient guarantee for 
constancy of mass. Of all available materials, 
rock-crystal comes nearest perfection, but it is 
difficult to work and bring into a handy shape. 
Of metals, Mr. George Matthey’s ten per cent, 
iridio-platinum is the best ; it is absolutely 
proof against oven acid fumes, and sufficiently 
hard to bo proof against abrasion by reasonable 
usage. Next after it comes ‘hard’ platinum 
(the slightly iridiferous metal of which crucibles 
are generally made) ; pure platinum is too soft. 
Brass, bronze, German silver, and other cheap 
metals are mere apologies for what ought to be 
used ; yet these are used (in a sense unavoid- 
ably) for making the larger pieces in sets for 
every-day use. Gilding affords no protection 
against atmospheric influences, unless tho noble 
metal is laid on thickly; a good lacquer is better 
than the film of gold which is customarily put 
on by electrolysis. 

In constructing a set of chemical weights, 
we might choose our own unit, but whatever 
unit we might fix upon, any other mode of sub- 
division or multiplication than the decimal 
mode would be absurd ; and there is no reason 
why we should not adopt some legally fixed and 
universally obtainable unit as our unit. The 
gram is used by chemists all over the world, 
almost to the exclusion of any other unit. 
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purposes can oe had in oummeroe. i^oever 
may be the maker, a set of weights should not 
be used without having first been tested and 
found correct, at least in a relative sense. To 
show how the errors in a given set can be deter- 
mined, let us assume for a while our set comprised 
only the pieces (!)„, (1),(2), (2)„ (5), (10) grams, 
and adopt these bracketed numbers as symbols for 
the unknown true weights. As a unit for the 
errors to be determined, wo will adopt the 1 mil- 
ligram as determined by a given rider of 10 mgm, 
weight ; tho (1)„ shall servo as our provisioned 
unit for tho values (1) (2) (10). To determine 

(1) we compare it with (!)„ by the method of 
substitution or reversal, and note down the dif- 
ference between the two in terms of ‘ the milli- 
gram,’ as determined by tho method of vibra- 
tion. We then compare (l)o 4 (1) with (2) ; then 

(2) with (2),, cfec., &c., to establish the following 
equations ; 




mgms. 


)o + 5, 

(2) 4 5V 

:2) +(2),4(1)o4 5,. „ 

. . . 


Computed, 


To know what the values n x (l)^ really are 
in terms of an adopted gram (say the true 
gram) wo must compare one of tlie pieces, or 
a combination of some or all, directly with the 
corresponding standard weight. Supposing tliis 
had been done with the 10 gram piece, and this 
piece had been found froo of error, we have 
10 X (1)<, 4 a,„mg. = 10g.(mcanmg 10 true grams) 




and by substituting this value for (1)„ in the 
expressions n x {l)o4 we obtain tho values of 
all tho six pieces in the form 

(n) =N g. + cemgm.; 

but our ‘ mgm.’ is strictly speaking an arbitrary 
unit ; wo have no right, for instance, to say 


, (5)=6g.4 JQQQg. 

What tho true gram-value of tho rider is can 
only bo found by joining on to our gram set 
a set of deci- and centi-grama comprising that , 
rider, and determining their values by estabUsh- 
ing the equation : 

(•01) = (rider) 4 5,, 

(•02) = (rider) 4 (*01) 4 5^, &c. up to 
(l)o =(0-6) 4 (0*2) 4 (0-2), 4 (0-1) &o. 
and tl^us finding out tlfo value of the rider in , 
terms of g. But in practice the rider as a 
rule docs not differ much from -Olg., and this 
part of the work is not necessary for the sake of 
tho calculation of the errors, the less so as a 
great value in any of these would simply condemn 
that piece. 

The above method is always used when we 
test a set of weights with the view of seeing how 
it falls in with the rest of the sets in the labo* 
ratory, which in the aggregate form our set ioi 
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wojuiBlw^ If is aiefliist tolw used 
by itselr^if, for instanooi we test a set from 60 
grms. down to 1 oenti^. with the view of using 
it for our analyses— it is better not to refer to 
any external standard at all, but to an imaginary 
unit so chosen that the sum total of the errors 
becomes nil, i.e., to choose as unit ^ of the 
actual weight of all the ‘ 100 grams ’ which the 60 
gram set represents in toto. If one or more of 
the pieces come out with relatively largo errors, 
the unit is re-adjusted so that it suits only the 
good pieces, the errors are re-calculated, and 
the two rejected pieces either replaced by new 
ones, or re-adjusted. According to the writer’s 
experience, we must be satisfied if the errors of 
the individual pieces are brought down to values 
varying from very little to about ± 0*04 mgm. 

Iteduction to the Vacuum. 

All weighings executed in air are liable to 
an obvious correction. Supposing an object 
occupying v c.o. is balanced in air by p grams 
of standards occupying v o.o. ; if the balance 
were transferred to a vacuum, the side of the 
greater v (in our case the object side) would 
become heavier than the other by (v— 5 grms. 
where S is the weight of one c.c. of air at the 
time and place. As 7) is a close approximation 
to the true weight, the volume of the object in 
c.c.s can be put down as jp-rS, that of the 
standards of course w^-rSy, where s and 
are the respective specific gravities which prac- 
tically need not bo reduced to water at 4°, The 
oorreotion to be applied to p is 



J = 0-464C4,27=riT(“8“®')t 

where b is the height of the barometer in mm. 
reduced to O'^C., and t is the temperature ; the 
constant is calculated from Regnault’s weight 
of 1 litre of air of O'’ and 700 mm. at London. 

For ^ = 15°, and b = 7G0 rams., 5 = 1-22G15, 
which number, at stations where b is habitually 
near 7C0, if the highest precision is not aimed 
at, may often be taken as holding for air gene- 
rally. 

Standard weights for absolute weighings (in 
true grams) ought to be adjusted for the vacuum ; 
hence, if the minor weights are of platinum and 
the larger ones of brass, the brass 1 grm. should 
appear lighter than its equivalent in platiniuii 
decigrams in air. But sets of this order had 
better be made of one metal. 

For a series of relative weighings, the 
buoyancy of the weight-standards in air may be 
neglected, because we are at liberty to take as 
our unit the weight of the 1 grm. piece in air of 
the average density prevailing during the progress 
of the experiments. That this unit is •strictly 
ipeaking variable is of no practical significance. 

The vacuum-correction for any single weigh- 
ing involved in an analysis amounts as a rule 
to more than we should care to neglect ; yet it 
may be neglected in most cases, because the 
weight to be determined is only one teivn of a 
ratio, whose otJler term is faulty in the same 
sense. Suppose we have determined two 
’weights, Pi and pa, and wo want the correct value 
# of the ratio of which pi : p, is only an 


approximatton. Xf the reciprocals of the speoifia 
gravity are Si**’ and respeotivelyi we have 


"pi (1 + 5,s,'») * 


or as a sufficient approximation 


»=?1 (1 + 5.8,-- - 

Ih 


And if s, does not differ much from 82 (as 8, 
and 82 are always nearly th>- same) the bracketed 
factor may come close to unity although neither 
of the two terms s^'8 could be neglected if it 
stood by itself. Hero, as everywhere in experi- 
mental science, the golden rule is neither to 
strain at the gnat nor to swallow the camel. 


Weighing of Gases. 

For tho weighing of a gas, we have in general 
three methods. 

(1) If the gas to bo weighed is a product 
formed in a reaction between solids or liquids, 
we may identify its weight with the loss of 
weight suffered by tho reagents during the 
reaction. 

(2) We may collect the gas in a evacuated 
tared balloon, and weigh it like anything else. 
In this case it is expedient to tare the fiask 
with another flask of tho same displacement 
and nearly the same weight, so that only a few 
grams need be put on to establish equilibrium. 
(Kcgnault’s method). The vacuum-correction 
is then out of court. 

(3) We may measure the gas by volume at 
a known temperature, f, and pressure, p, and 
calculate the weight from the volume. 

If the gas to be weighed is a product of a re- 
action carried out quantitatively, one way of mea- 
suring it is to construct the apparatus so that 
the vessel in which tho reaction goes on and tho 
gas-measurer have a common atmosphere, and 
to measure the gas-volume as an increase in 
the total atmosphere of tho aj)]iaratus (gas- 
volumetric method). According to Regnault, 
1 lit. of oxygen at 0° and 7G0 mm. of mercury 
of 0°O., weighs 1-42932 grams. Hence by an 
easy computation, based on Avogadro’s law, we 
have for the weight of 1 litre of a given species 
of gas of the molecular weight m (0 = 1C) 

D == 0-032089 ^ ^grains 

where p means the dry pressure in mm. 

If the gas is moist, the vapoar-pressure of 
steam at must bo deducted from tlie observed 
pressure to find the n of tlic formula. The 
constant, strictly speaking, holds only for places 
whore gravity is the same as it is at IS'’ lati- 
tude, and sea-level. 

In PariSy j London, j Berlin, | Glasgow, 
it must he multiplied by 

1*000333, I 1-000583, ] 1-OOOGG3, | 1-000956. . 


Indirect Methods of Mass Measurement. 

I. Physical Methods. 

The nature of these is best explained by a 
general example. In a given aqueous solution 
of sulphuric acid, sugar, salt, <S:c., drc., the 
specific gravity at t®, tlie refractive index, the 
power of turning the plane of polarised light 
(if any), &c., bear each a fixed relation to the 
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percentage of etibsianoe (or the weight of 
Bubstanoe per litre) in the solution, which 
relation- is susceptible of translation into a 
formula^® / (physical property), or a corre- 
sponding curve, and by means of cither of tabu- 
lation. Hence, supposing the function to havo 
been determined by standard experiments, i) in 
a given case can bo calculated (virtually or 
actually) from the value of the respective 
physical property. , In practice wo must of 
course try to establish conditions under which 
the change in the specific gravity, &c., &c., 
corresponding to the passing from p to, say, 
( 1 * 01 ) p, assumes a snllicicntly great value. 

The popular method for determining the 
strength of aqueous oil of vitriol, etc., by means 
of a hydrometer may be referred to as an 
example. The customary method of deducing 
the percentage of sugar in a syrup from the 
angle through which a column of given length 
turns the plane of polarised light is another. 

II. Chemical Methods. 

These, being all founded upon our knowledge 
of the quantitative laws of certain reactions, are 
methods for the indirect w'cighing of radicles 
rather than of substances. fScientifically one 
might arrange them according to their degree 
of directness. If we do so, the following two 
claim precedence before any of the rest. 

(1.) The direct gravimetric method. An un- 
known weight of this or that radicle is deter- 
mined by separating it out exhaustively, by itself 
or as part of a compound of known composition, 
and weigliing the pmJuct either directly on the i 
balance, or perhaps indirectly by gasometric 
measurement. 

( 2 .) The method of titration. An unknown 
weight of radicle is deduced from the quantity 
of reagent necessary and suflicient to cause it to 
undergo a certain dcliuitc change of combination ; 
the quantity of reagent being ascertained syn- 
thetically, i.c. by direct trial. 

These two methods we will designate as 
•direct’ methods in opposition to the following 
‘indirect ’ methods. j 

(3.) The method of substitution. Instead of 
determining a radicle r, we substitute for it an 
equivalent of .some other radicle (or substance) 
r' ; W'e determine r' by method 1. or IL, and from 
it calculate r. Thus, to determine an unknown 
weight of free chlorine, x CLmgms., we substitute 
AjI^rngms. by means of the reaction Cl^^ f 2KIAq = 
2KCIAq + LAq, and determine the iodine. In 
some cases we effect a serins of substitutions 
(r' for R ; r" for n' ; r'" for r", Ac.), and deter- 
mine only the ultimate substitute. Thus, to deter- 
mine X CTO3, we substitute ^irst x x 3C1, then for 
this we substitute x x 31, and by ascertaining the 
value a; X 31 we find x x CrOg. 

(4.) The residue-method. The body contain- 
ing the radicle is subjected to a definite chemical 
change by means of a known (excessive) w'eight 
of reagent, and the excess of reagent left is 
determined. 

(5.) Methods founded upon the numerical 
difference between formulce-valucs : — We pass at 
once to examples ; — 

(a.) To analyse a mixture of the compounds 
AgCl and AgBr, we expose a known weight to 
Ibe action of dry ohloriae until lUl the AgBr has 


become AgOl, and determine the decrease of 
weight involved. From the obvious equation of 
the reaction, we see that every Br-CI gram of 
loss of weight corresponds to Br grams of bromine, 
or AgBr grams of bromide of silver. 

(b.) To determine the weight of real sul- 
phuric acid contained in a given quantity of an 
aqueous acid, we evaporate with a known (ex- 
cessive) weight of anhydrous carbonate of soda, 
and weigh the residue (Thorpe). As 
a; Na.,C()3 + Na^COj + H.,SO, = 

CO., + H.,0 + Na,SO, -i icNaXOs, every (SOg ~ CO,) 
grams of increjiso of weight indicate SO 3 grams 
of sulphur trioxido. 

(c.) To analyse a mixture of the sulphates of 
sodium and lithium; take p grams of the 
mixture, ppt. all its sulphuric acid with barium 
chloride, and weigh the barium sulphate. 

1 grm. of the sodium salt gives BaSO, ^ 

Na,S 04 “ * 

1 grm. of the lithium salt gives BaSO, ^ 7 
Li, SO, ’ ^ 

of barium sulphate. Hence if c grms of pp. 
were obtained we have (from x grms of sodium 
sulphate, and y of lithium sulphate) 
xxs+yxl=c 
x + y^p. 

Whence x and y are easily calculated. 

Many other examples might be quoted. 

Wo will now pass to 

The Operations involved in quantitative 
determinations by chemical methods. But 
first let us say a few words about a necessary 
preliminary to any quantitative analysis, namely, 
the preparation of the sample. This problem 
as.sumea perhaps its most dilljcult form if the 
thing to bo analysed is .a largo mass of im- 
perfectly homogeneous matter, say, a cargo of 
I copper ore. In this case tlie analysis must of 
course be preceded by the pre])!i ration of a 
sample, which, although it may amount to only 
a few pounds, yet can bo assumed with a suffi- 
cient degree of probability to have the composi- 
tion of the wliole lieap. And su[»po.sing even a 
homogeneous sample to have been prepared for 
the analyst, a mere assay (of the copper in our 
case) would be of no use unless accompanied by 
determinations of the moisture in, a tlie ore asil 
lies, and h the small ultimate sample wliich goes 
to the balance. An impure specimen of a named 
chemical species to be rendered fit for tho 
! analysis of tho species must first be purified, 
unless wo prefer to determine tlie impurities, 
and allow for them in the calculation. 

In now passing to our subject, w'o will give 
tho first place to tho operations involved iu 
those 

I. Assays by igneous opcralionSj 
which dre so extensively employed in practical 
metallurgy. These, however, arc quite a speciality 
which is almost entirely confined to metallurgical 
laboratories. Suffice it, therefore, to say that 
these assaijs^ as the name indicates, are, at least 
by original intention, processes of mctal-smolting 
carried out tentatively on a small scale. The 
metal is separated out as a rcgulus either of the 
metal itself or of some definite arsenide, and in 
either form is weighed directly on the balance- 
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n. Quantitativ* ixpuhion of volatile 
components by exposure of the 
substance to regulated tempera- 
tures. 

Under this heading fall most of our methods 
for the determination of waler^ given in com- 
bination with non-volatile residues. Water thus 
combined, can, as a rule, be driven out with or 
without the help of a dry atmosphere, by pro- 
longed exposure of the substance to a suitable 
temperature, and, if other changes are known 
not to take place, the weight of the water ex- 
pelled is the loss of weight involved in the drying 
process. 

If the residue, while giving up its water, takes 
up oxygen or suiters some otlier change involv- 
ing change of weight, the water must be expelled 
in an apparatus so constructed that the steam 
can be purified (if necessary) and collected with- 
out loss by absorption in a wciglmd (J-tube 
filled with chloride of calcium, or pumice 
moistened with sulphuric acid, and determined 
as an increase of weight of the absorption 
apparatus. We have no means of discriminating 
experimentally between water present as such 
(moisture) and water present in chemical com- 
bination ; * nor can wo discriminate analytically 
between the dilforont states of combination 
which we distinguish in our formuhe. All the 
analyst can do (after removal of what there 
may be of palpably free water by mechanical 
means) is to try, successively, exposure to (1) 
ordinary ‘ dry ’ air ; (2) artificially dried air, or a 
dry vacuum ; (3) a graduated series of higher 
temperatures, such as 100°, 120°, 150°, 200^, in 
a hot air chamber ; (4) a red or perhaps a white 
heat; and to report the several losses of weight, 
taking care of coursi? to apply each temperature 
again and again, until the weight of the residue 
(or of the calcium chloride tube) lias become 
constant. 

From hydrates undecomposable by mere 
heating, the water must bo expelled by suitable 
reagents. Basic hydrates, like caustic potash, 
can be dehydrated (quantitatively) by fusion with 
excess of anhydrous bichromate of potash; 
many hydrated acids, by evaporation of their 
solutions with a known excessive weight of oxide 
of lead, and weighing the dried residue. The 
writer directs attention to the applicability of 
tri-sodio phosphate as a weighablo form of Na^O 
for the latter purpose. 

IIL Combustions in glass tubeSf v. 

Analysis, Oiioanic. 

IV. Carius' general method of ultimate 

organic analysis, v. Analysis, Oiioanic. 

V. Qas evolutions. 

We here refer to a class of methods* in which 
the thing to bo determined is measured by the 
weight of a gas evolved in a wet- way reaction 
of the substance to bo analysed. The gas 
evolved is weighed as loss, or after absorption 

* According the current notions on dlasSciation, a 
current of (originally dry) air whioJi has passed over a 
Buffleient ooluma of partially dciiydrated salt, sliould taka 
away the free water from a given specimen of moist salt of 
the same kind at the same temperature. Hence tui obvious 
(theoretical) method lor recognising free water aa such. 


by a suitable absorbent, or is measured (and 
thus indirectly weighed) gasometrically {v.su^a). 

VI, Electrolysis, 

Solutions of many heavy metallic salts, when 
subjected to a galvanic current under suitable 
conditions, are fully decomposed, in the sense 
that all the metal separates out as such on the 
negative electrode. By properly regulating the 
strcngtli of the current and the composition of 
the liquid, it is possible, in many cases, to 
cause the whole of the metallic pp. to assume 
the form of a coliercnt, truly mr tallic, deposit, 
so that, if a platinum electrode bo used, the 
metal can be determined as an increase of weight 
of the latter. The method, however, is not as 
easy as it is obvious ; and is in g(;noral use only 
for two metals, namely copper (Luckow’s 
method), and nickel. Classen* hag tried, not 
without success, to extend the method to many 
other heavy metals ; but bis processes have 
failed so far to become popular. 

VII. Gravimetric Precipitation. 

Our heading refers to the very large number 
of cases in which we determine a component of 
a solution by separating it out in an insoluble 
form, and weighing the pp. or converting it into 
another body and weighing that. With the pre- 
liminary separations that may bo necessary we 
can have nothing to do here; we assume that the 
ppn. has been effected exhaustively, and that 
the pp. is (in the sense of the method) free from 
foreign components. In this case llie next thing 
to be done of course is to separate the pp, com- 
pletely from the mother-liquor. In some cases 
(for instance in the case of the haloid salts of 
silver, and of metallic gold ppd. by ferrous salt) 
this can bo done by decantation ; but as a rule 
it is necessary to resort to filtration. For this 
operation the first requisite is a good funnel, 
and good filter-paper. The funnel should be a 
smooth cone of exactly 00° aperture, so that a 
filter folded in quarto fits it exactly. The best 
filter-paper for general purposes is that Swedish 
paper known as Muiitkell’s; only it filters some- 
what slowly, and in many cases, therefore, papers 
of looser texture are preferable. Filters, which, 
having been washed wdth hydrofluoric and 
liydrochloric acids, leave almost no ash on in- 
cineration. In conducting a filtration, the 
following rules should be observed : 

1. Before starting the filtration, allow the 
pp. to settle completely; then decant off the 
liquor on to the filter, allowing as little of the 
pp. as possible to go on to the paper. 2. The 
same rule holds for the first stages of the w'ash- 
ing process ; the bulk of the pp. should go on to 
the filter only after almost all the dissolved 
matter has been washed away. — 3. The wash- 
liquor should be employed in small instalments, 
and each instalment be allowed to drain off, 
before the next one comes on. — 4. The washing 
must be continued until the purity of the last 
runnings is proved by direct testing. No calcu- 
lation of the attenuation reached can be relied 
on implicitly, although it is valuable for pre- 
liminary guidance, and may bo the only method 

’ Classen : QuantUatice dureh Ekclrolyst. [Sod 

•d. Beriio, 1S86.J 
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and not much larger than is necessarj for the 
oonvenient accommodation of the pp. 

Many pps. run through the paper as soon 
as the wash-water becomes nearly pure ; bi- 
sulphide of tin exhibits this property in a marked 
degree. Addition of some suitable salt (sal-am- 
moniac, acetate of ammonia, &c.) to the wash- 
water often helps one over this difficulty. 

In the case of slimy or gelatinous pps. 
{e.g. hydroxides of silicon, ajuminiiim, and chro- 
mium) Uunsen’s method of quick filtration is 
employed. It consists in this, that the funnel 
is made to communicate, by its stem, with a 
vessel in which a partial vacuum of adequate 
strength is maintained by means of an aspi- 
rator (a Sprengel pump wrought with water, 
or equivalent arrangement). To protect the 
filter from being torn by the pressure of the 
atmosphere, its open end is supported by a small 
cone of platinum foil, resting on the bottom of 
the funnel. In regard to the operations subse- 
quent to filtration and washing, pps. may bo 
classified as follows : — 

A. Such as stand calcination ina plati- 
num or porcelain crucible, and when thus treated 
assume a definite composition. In this case the 
general modus opemuAi is as follows : tlie pp. is 
dried in the funnel ; it is then detached as com- 
pletely as possible from the paper, and put into j 
the tared crucible. The filter, with adhering ! 
particles of pp. is folded up into a narrow strip, j 
and this is rolled up tightly into a parcel, so j 
that the part stained with the pp. is in the core. 1 
A platinum wire is then wound round two or j 
three times, and the parcel is kindled in a gas 
flame and allowed to burn, the surplus wire 
serving as a handle. After the combustion has 
gone as far as it will spontaneously, the residual 
charcoal is burned away by applying the outer 
portion of the flame of a Bunsen. The ash is 
dropped into the crucible and calcined along 
with the pp. In some cases, as for instance in 
that of alumina, it is better not to dotach the 
pp. from the filter, but simply to fold uj) the pp. 
in the filter, and heat the whole in a platinum 
crucible. Any deposit of charcoal formed on 
the lid or crucible sides is easily removed by 
heating the respective part while a shield of 
platinum foil is stretched over the deposit. Tiie 
charcoal vanishes almost instantaneously. The 
weiglit of the filter-ash must of course bo ascer- 
tained by a blank experiment, and allowed for. 
The correction [anteris paribus) is proportional 
to the superficial area of the filler; i.e. ash- 
weight = cr’% wliere c is a constant which can bo 
determined once for all. 

It is to be observed, howCv’er, that even with 
the same filter-paper, c depends on the nature 
of the liquid which passed through the filter. 
It is less for dilute mineral acid, for instance, 
than for pure water, or salt solutions followed ! 
by water. 

B. Precipitates which do not stand 
calcination; but assume a definite composi- 
tion when dried at a suitable lower temperature, 
say at 100*’ or 120'^C. Such pps. are collected j 
on filters (previously dried at the respective j 
temperatures) and weighed in the filters.' As I 
filter-paper is hygroscopic, the empty filter, and | 


together by a suitable clip. 

C. Precipitates which demand some 
supplementary chemical treatment to 
become fit for the balance. In regard to 
these it is difficult to make general statements ; 
suffice it to say that certain metallic sulphides 
assume a definite composition when strongly 
heated (repeatedly, and until constant in weight) 
with sulphur in hydrogen gas. The sulphides 
of copper, manganese, zino, lead, may be quoted 
as examples. The resulting definite sulphides 
are Cu^S, MnS, ZnS, PbS, respectively. 

OAB ANALYSIS. 

A large supply of liomogeneous gas may be 
dealt with, analytically, in a variety of ways. 
With a small gas-sample given for analysis only 
one mode of treatment could bo— or at any rate 
ever is — thought of. We must collect our gas 
over mercury, or some other suitable liquid, and 
learn what we can concerning it by applying 
physical or chemical reactions, involvingchanges 
of gas-volume ; we must measure the gas volumes 
involved as the only practicable mode of defining 
the respective masses. 

Principles of volumetric gasometry. To 
measure a given quantity of gas means to deter- 
mine its volume, v, and its pressure, p, at a 
definite temperature, t. In any JIaid body of 
known nature the three quantities conjointly 
define the mass; yet the method is confined 
to gases, because in these only is the evidence 
aflordod by the three numbers coudonsiblo into 
one numerical statement by more calculation. 

Practical gasometry knows of no pressure 
greater than two atmosiflievos (indeed pressures 
, above one atmosphere are exceptional) ; and of 
; no temperature below 0°C. 

I Within this range of conditions the law of 
j interdependence between volume, temperature, 

I and pressure, in all gases is in approximate 
i accordance — in the so-called permanent gases 
j it is in i}crfect accordance— with the equation 



I where t may bo defined as t =» + t. Q is a con- 

! stant which depends only on the nature of the 
gas and its mass, and consequently, in reference 
to any named species, measures the quantity. 

Condcnsihle gases and va[>ours deviate from 
the law embodied in cq. (1) to n greater or less 
extent, but always in this sense that the true 
relations are expressible by an equation of the 
form 

VP 

■7e+*)=« (2) 

where t is an inherently positive number 
which is a function of t and p, to tho 
effect that, for any given species, « is the 
less tho further the pressure and temperature 
remove the gas from the state of saturated vapour* 
Gasometrically speaking e is mainly a function 
of temperature which runs pretty much like 

€== const*. ; not by any means /ixactly so, but 

wo are safe in saying that for every gas-speoies 
there is a certain temperature above which 
this species is, as the phrase goes, a 'perfeot 




iu M ioMf uiii MDM tbat t is l 69 f than 
the unavoidable error involved in the expert* 
mental determination of pv+t by the customary 
instruments. In this sense our equation (1) is 
true for all kinds of gas or vapour without 
exception. 

The constant q is obviously susceptible of 
a number of definitions. One definition is to 
call it the volume which the gas assumes when 
Tel® and p = 1 (say 1mm.), or rather the volume 
which the gas would assume if it were a perfect 
gas down to t = 1 or 272°. To eliminate 
this fiction, let us view v as a function, not of p 

T 

and T, but of thus ; 



and, taking *disgregation* Hs a name for this 
ratio T : p, define q as that volume which the 
gas assumes whenever the disgregation is unity 
through p being equal to t numerically. If, for 
instance, 

T = l° 273° 373° 600°C. &o. 

then p = l 273 373 500 mm. <&o. 

In this manner it is always easy to find for q a 
real sign i ficance. Q, however, has two denomina- 
tions. Obviously 

T 

hence q may be called the particular pressure 
which the gas assumes whenever t = v; i.e, for 
T = 1° and v = 1 unit ; T - 500° and v = 500, &c. 

For the purely comparative measurement of 
two or more gas quantities, only one of the throe 
variables need actually be measured. 

Assuming the qs for the gases i, n, iTi...to 
bo q' q" q'", tto.f we may (1) keep t and p at 
constant (though perhaps unknown) values 
and measure the volumes 

v' v" v'" &o. which are 

q't 

— ~ 

p r p 

Tlie constant factor disappears in the ratios. 
This used to be, at least by intention, the method 
of comparativo gasometry. 

(2) We may keep t and v constant and 
measure the pressures p' p" p'" which are 



vand consequently again measure the qs (Rog- 
nault’s method). 

(3) Wo may allow t and p to vary, but keep 
their ratio, the disgregation, constant, and mea- 
sure the volumes, i.e. substitute for the qs 

T 

(q' q" q'"...) X a constant- 
(Doy5re’s method). 

But q has an important chemical significance. 
A glanco at eq. (1) shows that <thG specific 
gravity of a gas, meaning the number of times 
its weight is greater than that of the same 
volume of some standard gas of the same dis- 
gregation, is independent of T and r. As stated 
by Avogadro, and since proved by numerous 
experiments, we have for any set of ^as-species 
s'^. b" : s'". . . = m' : m" : m"'..,... 
or quite generally 

s»oonst.M ..•••(!) 
where u is the mol. weight. 


Hencd supposing, at a given disgregation 
unit volume of standard gas weighs b units, thei 
nnit vol. of another gas of the mol. w., n 

weighs B — f where refers to the standard gas 
Hence unit-volume of any gas, if measured at thai 
disgregatiqn, contains ~ x m units of weight oi 

its substance ; henco equal volumes of any twe 
gases, if measured at tho same disgregation, 
contain the same number of molecules, where 
‘ molecule ' may have tho usual meaning given 
to this term. Hence our constant q, or any of its 
substitutes as given above under (1) (2) and (3), 
in a relative sense counts tho molecules of the 
respective gas. 

Eq. (1) tells us nothing about the relation 
between the volume v of a gas-mixture, and the 
volumes o' o"o'"...of its components; but we 
know, by direct experience, that v - o' + o" + o'"...;‘ 
hence Avogadro’s law holds for mixed as well as 
for homogeneous gases ; and, independently of 
it, wo have 

2 ' + 2 " + 2 '"... = q (4) 

and at any constant value of 

V-^T 

= P (®) 

(where the small letters refer to the components 
and the largo ones to the mixture). And so 
quite generally 

2 :Q“o:v=:j):p= (number of mols. in the 
component): (number of mols. in the mix- 
ture) ( 6 ) 

Hence our customary mode of stating the com- 
position of a gas-mi.xture is susceptible of three 
readings. Instead of saying (1) 100 volumes of 
air contain 21 vol. of oxygen and 79 of nitrogen; 
we may say ( 2 ) tho partial pressure of the oxy- 
gen is 21 p.c. and that of the nitrogen 79 p.c. of 
the total pressure of tho air ; or (3) every n x 100 
mols. of air contain » x 21 mols. of oxygen and 
n X 79 of nitrogen. 

In the more easily condensible gases, the 
number € (which might be called the measure of 
gaseous imperfection) assumes appreciable values 
at the ordinary temperature; yet in the ordinary 
practice of gas analysis oven these gases are 
customarily being measured at, or near, the 
temperature of tho laboratory. To give an idea 
of tlie possible value of the error thus neglected 
we will take up tho case of carbonic acid, 
wdiicli, of ordinarily occurring gases, is perhaps 
the most imperfect. 

According to Amagat, carbonic acid, from 0°O. 
upwards, expands at a greater rate than air, up 
to about 200 °, whence onward it behaves like a 
perfect gas in <euce to expansion caused by 
clianges of tempemturo or pressure. At 760° 
mm. its expansion from 0 ° to 200 ° is in the ratio * 
of 1 : 1-74005. Hence supposing we find for a 
quantity of carbonic acid v = for t = 273 and 
p = 700, we have for tho constant q : — 

( 1 ) By the ordinary routine mode of oalonla* 

, Vo X 700. 
tion, I.e. by eq. ( 1 ) ; q' = - 273 - » 

• Tt la worth while to note that this all-important pro* 
position haa never been looked into In the Begnaolt- 

• Calcnlatod by the writer from the coclRdents of 
panaion stated by Anugat for D0°, 100<’, 180°, and 200°. 
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(3) For the true q ; 

^ Vo X 1-74065x760 
273 

Whence Qo *= 1*0046 q' ; or in the sense of our 
equation (2), for t = 273 and p=^7()0nim. 

AQ,=2!i^'^-?(l + €): ami e-O OOlC. .(7) 

This number, or say 0 005, might perhaps 
be put dow)i as the maximum value which e 
may assume in the customary mode of measur- 
ing gases proper, were it not ^r the following 
consideration. As a rule the gas to be measured 
is contaminated with vapour of water, and it is 
the Q of the dry gas that is wanted. One mode 
of obtaining it is to remove the water by chemical 
absorbents and to measure the dry gas; but 
this is a tedious process ; hence we prefer, in 
practice, to satiuute the gas completely with 
water, to measure it in this condition, and, before 
calculating by cq. (1), to correct the observed pres- 
sure by deducting the maximum steam-pressure 
at the respective temperature, as determined 
by Magnus and by lleguault for the vacuum, as- 
suming the corrected value - p - ir to represent 
the pressure which the gas would exhibit at the 
same vol. and temperature if it were dry. As 
shown by llcgnault, tliis is not quite exactly 
the case, yet if v is small, i.e. if the temperature 
is low^ the error may be neglected. A low tem- 
erature, it is true, means a relatively great e, 
ut ir certainly, and the error in it probably, 
increases (with t] much faster than € decreases. 

Both the authorities named give their its in 
terms of the pressure of a column of mercury of | 
0°C. whoso height equals 1 mm. Hence to bo | 
able to use their numbers directly we must pro- I 
vide our eudiometers and barometer with true i 
mm.-scalcs. And wo ought to reduce all mercury j 
columns (measured as pressures) to 0^’C. This, ! 
however, is necessary only in the case of abso- i 
lute measurements, i.e. if we measure a gas as a 
step towards calculating its weight; for relative j 
measurements we may choose our units for v, t, | 
and p, at pleasure,' hence the absolute magni- 
tude of our ‘ iTjm. ’ is of no consequence. Kor is 
it necessary to reduce the ir to what our mm. is 
at the respective temperature, because the cor- 
rection is practically irrelevant. 

Gases like hydrochloric acid, ammonia, 
sulphur dioxide, Ac., must bo measured dry — 
for an obvious reason. 

Gas-Analysis. (a) Proximate. For the 
proximate analysis of a gas-mixture we have 
only one direct method. ABer having measured 
off a convenient sample, we withdraw the several 
components (singly or in groups), by the succes- 
sive application of appropriate chemical absor- 
bents, as pressurelcss solids 'or liquids, and, 
after each absorption, we measure the gas-residuc 
left. Supposing the sample measures v units at 
T and p, and the same, minus component i, mea- 
sures v' units at t' and r'; w-e have for the sainx^le 

g X?,for the residue J hence for the 

T T 

percentage of i; x 100. 

Q 

To show the possibilities of the method, we 

* I.e. we may, If we choose, measure our /s with a 
fhhrenhelt thermometer and take t as l>eing T*<;4R9'4<f / 
(In P. deffrtes). 


! enomerate the most important reagents and 
state the powers of each as an absorbent. 

(I) Water (as such or as Na^SO^lOHjO) 
absorbs HCl, HBr, HI, very promptly. 

I (2) Solid DiiY caustic potash absorbs water 
very completely ; acid gases generally more or 
less slowly. 

I (3) Solid MOIST caustic potash absorbs all 
acid g/ises (CO;,, SO^^, ILS, HCl, Ac.) very 
readily. 

(4) Caustic potash solution acts like (3) 
and (1). 

(5) Dilute sulphuric acid absorbs all alka- 
line gases (Nila, CilaNHa Ac.) ; besides acting as 
water. 

I (G) Oil of vitriol (H.,SO^ + joTI.H) absorbs (a) 
water, alcohol, ether, methyl-oxide, very readily; 
i (6) propylene and higher honiologues, with a 
1 fair degree of promptitude. C.JI, is absorbed 
only on long-continued shaking (Bertholot). 
i (7) Sulphuric anhydride in 11.80,, absorbs 
I C.H^ in addition to the gases named in (G). 

I (8) Bromine (over water in diffused daylight) 
i acts pretty much like (7) ; the excess of Br 
; vapours left is removed by means of KHOAq. 
j (9) Pyrogall'ic acid in caustic potash ley 
[ absorbs oxygen abundantly and promptly 
(Liebig), besides acting like (1). 

(10) Cuprous chloride in hydrochloric acid 
absorbs oxygen ; also CO, C^jH., 6^11, (Bertholet). 
— Hpoils the mercury. 

(II) Same reagent in aqueous ammonia acts 
like (10), and besides absorbs certain other gases, 
€.g. all the olefines (Bortlielot). 

(12) Ferrous sulphate in concentrated solU’ 

tion absorbs nitric oxide ; but hardly in the che- 
mical sense, as the compound has a measurable 
dissociation-pressure.' • 

(13) Binoxide of manganese^ as compressed 
powder, is used by Bunsen for absorbing H.8 
and 80..— Solution of Cr03 or of KMn04 acts 
similarly and more promptly. 

(14) Chrcnnoiis sulphate in NH^ and NI£^Cl 
solution absorbs OjNO.C^U.jC.,!!,, but does not 
act on CO, C.H„ or C3H3 (Berthelot). 

That all gas mixtures cannot be analysed 
by means of those 14 reagents is obvious. Un- 
fortunately they are all group-reagents, and a 
group when once absorbed is not susceptible 
(practically) of further gasometric analysis. One 
or other of the absorbed components may bo 
determinable otherwise— thus for instance H.^S 
(absorbed in KIIO) by titration with iodine— 
but these are rare exceptions. For the analysis 
of a gas-mixturo which, with regard to chemical 
absorbents, behaves as a whole, only two 
methods are at our disposal ; one is to determine 
the ultimate composition of the gas (if possible), 
and from the results to try and arrive at the 
proximate composition; tho other is to exa- 
mine the g^s by means of physical absorbents. 
But to obtain definite results with these we must 
Tollow the lead of Bunsen, and both contrive 
their application and interpret the results, in 
the light of the laws of gas-absorption. 

Analysis hy physical absorbents. 

Imagine v volumes of a mixture of the 
unitary gases I., II., III., . . . to be shut up 

’ NO la absorbiible also by the conjoint action of Oiuii 
KHO solutloi^ as KNO, and KNO.. 
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k a close vosael over h volumes of water or 
alcoboly an impervious diaphragm separating the 
two. As soon as the diaphragm is removed, the 
gas and liquid exchange molecules, and this goes 
on for ever ; but if a constant temperature t is 
i^aaintained, a point is reached, sooner or later, 
at which tho changes of composition, exactly 
compensate each other, so that matters are tho 
same as if tho exchange had come to a stop. 
This point of dynamical equilibrium is reached 
almost instantaneously on violent shaking. The 
final result is that the gas-space v is saturated 
with the vapour of the liquid, while a quantity q 
of each of the components of the gas is hold in 
solution by the h volumes of liquid. This quan- 
tity qata given temperature is in (more or less 
exact) accordance with the equation — 

( 8 ) 

whore v means tho partial pressure of the respec- 
tive component in tho residue, and is a con- 
stant, which may be defined as being tho value 
which q assumes when h = l and tt - 1 mm. q and 
are, of course, of tho same denomination ; if q 
means mgms., 0 means mgms. likewise. But 
we will assume q to bo measured by volume at 
0° C. (or T C.) and p=»l mm., and on tho 
basis of this assumption (with Bunsen) call 0 
the ‘ co-ellicicnt of absorption.* 

Our equation has been tested experimentally 
only with water and, in a more limited sense, 
alcohol, as a solvent ; and in reference to either, 
it may bo assumed to hold, at pressures up to 
about 1 atm., and temperatures from 0° to 
about C., for all gases which, under the 
circumstances, do not act chemically on, or 
dissolve very abundantly in, tho respective 
liquid. Witli a mven gas-species, )3, in general, 
increases when the temperature falls, or when 
alcohol is substituted for water. It has, in 
general, different values for different species of 
gas. Hence we at once see our way towards 
distinguishing a unitary gas from a mixture. 
Take, for instance, the case of marsh-gas CH, 
as against a mixture of equal volumes of IL 
and - CII^ per 1 volume. With alcohol as 
an absorbent, tho 0 of C.^H^ is far greater than 
that for 11.^. Hence, if the mixture ho dis.solved 
partially by alcohol, the residue will contain le.ss 
carbon per unit volume than ; and similarly 
in similar cases. 

The relation between the composition of the 
mixture operated upon and that of the un- 
absorbed residue is easily formulated. Let m', 
w", itc., stand for the quantities of the several 
components present in unit volume of the 
original gas, and let n\ n", &o., have a similar 
meaning in reference to the residue; let p stand 
for the (dry) pressure of tho original gas, and 
p for that of the residue, then we have for any 
one of the components q = li0{pn) ;«and for the 
unabsorbed part of that component 

and 2 + r -pn{v^ -i- 0h) ; but g + r = pmv<„ hence 
pmUo'=i>»(Vo + j9/i), which enables us^o calculate 
the * »’ off a named component from its *m.’ 
For further developments we refer to Dittmar’s 
' Exercises in Quantitative Analysis,’ section on 
gas analysis (Glasgow, W. Hodge & Co.). With- 
out mathematios it is clear that thq quantity, X, 


of total gas absorbed, reduced top«l and 
is 

hp 

In the case of a unitary species X is the co- 
efficient of absorption^ and is consequently con- 
stant, while, in the case of a mixture it varies 
(in general) with hw, i.e. with varying quantities 
of water for the same quantity of gas started 
\vitb. Ilenco an obvious second method for 
testing a gas for chemical oneness. 

Of general methods of gas analysis, only 
one remains to bo considered. We refer to 
the 

Method of Combustion.— k method of 
ultimate analysis wliich presumes that the 
gas to be analysed is in, or by addition of 
hydrogen or of oxygen or of either plus ful- 
minating gas,‘ can be brought into, such a 
condition, that tho mixture, when tired with 
an electric spark is resolved entirely into (in 
general) carbonic acid, nitrogen, and water, and 
excess of either hydrogen or oxygen as the case 
may bo. The method consists in this that a 
measured volume of the given gas is exploded, 
and the gas quantities involved are measured as 
far as necessary to enable one to calculate tho 
elementary composition of tho gas under opera- 
tion, the results being regarded customarily in 
volumes (reduced to some tacitly assumed con- 
stant disgregation) of tho respective elementary 
substances. For uniformity’s sake this system 
is extended even to the carbon, one volume of 
carbon being used as a phrase for the quan- 
tity of carbon contained in two volumes of car- 
bonic anhydride. This mode of reporting comes 
to the same as stating the quantities of hydro- 
gen, oxygon, Ac., as multiples of the molecular 
weights Hj, 0.^, N. 2 , and of the double atom 0.^ 
of carbon. In the sequel wo sometimes use 
H.,,0.^, Nj, COs, CO, as symbols for ‘ 1 volume.’ 
When in a calculation wo liave to refer to a 
certain (reduced) volume of carbonic acid we 
designate it by tho letter k ; in a similar sense 
s refers to oxygen ; w to water vapour ; to 
nitrogen (‘ n ’ is reserved for the atom) ; a to 
contraction. Tho following examples explain 
tho method : 

I. Tho gas is a mixture of hydrogen and 
hydrocarbons ; i.e. 1 vol. =» oC.^.jSlL. We deter- 
mine tho following gas-quantitios : 

0) The volume of tho sample, as . v 

1) „ „ plus 

added oxygen, as . . , Vj 

And after firing 

(2) The volume of tho total product 

measured cold, as . , v,, 

(3) The volume of tho residue left after 

removal of the carbonic anhy- 
dride, as . . . .V, 

The quantity of carbonic anhydride produced 
in the combustion is ‘k’^Vj— v„ whence 



The hydrogen is calculated from the ‘ con- 
traction,' meaning the difference * o 
thus: v, = v + s, where s stands for the tiddea 
oxygen. 

Va *■ K -h oxygen left unburnt, which is s - k — aJ, 

* The mixture H,+iO, obtained hi the eleotrolyele of 
water. 





Inhere nieans thtt oxygen wWoh eonverii^d the 
ii>’^ogcn into water. Hence o - v, 
f 4. a — [k + (b — K — a;)] or 0 « ▼ + «» aenoe 

r«*o~v, and 

V 

The sum o + j8 is, of course, always greater 
than unity unless a = 0. 

We will assume now 

II. That the gas contains (in the v units 
taken for analysis) z volumes of free oxygen 
and y volumes of free nitrogen beside v„ of 
hydrocarbons ; both z and y 'being unknown. 
Here we at once see that the measurements of 
v,,v,», Vj, do not enable us to calculate z or y. 
But we cannot even calculate the volume x of 
oxygen which combined with the hydrogen in the 
oombustion ; because from case I. we see that 1 
ff » c - Vu, and v^, is unknown. Nor does a direct 
determination of the oxygen-residue s, in V3 help 
us, because Sr is a function of c, independent of 
a; and sr. We have, in fact : — 

fl, = 2 + 8-a;-K; 

o = y-{z-^y)+x\ 

Bi-¥Q==ti-K + Y-y; 
and 8r= -OH-S-K-fV-J/. 

The determination could only confirm this 
calculation. If z is known to be==^0, or a and y 
conjointly are known to be so much flir, the 
problem becomes casv of solution. 

III. The gas is o0,.)3H...70..5N..= 1 volume ; 
states of combination unknown. If we add to 
the values (for v of substance) of k and c that 
of the nitrogen in the ultimate residue (let 
its quantity be = jl) wo have a and 5 at once. 
But, (even supposing wo did not care for 7), to 
determine $ we must measure the quantity, w, 
of steam produced in the combustion. From 

w we have ^ = iw; and from this, and thecon- 
v 

traction c, we can calculate 7 thus ; let 
denote the quantity of oxygen which, con- 
jointly with the oxygen in the substance,^ is 
just sujBcient to burn the substance into CO2, 
HjO, and N., and let bo the surplus added, so 
that Sr-t-8o>= s ; we have 

V,=V + So + 8r 

V2 = ;0 + K-»-B,^ 

cs=v-*-Bu-<}-k; 

•r, v,“V3«v + 8,-i2. 

Now, it was obviously the oxygen sum 8, + Jy 
which produced the HX) and CO^; hence, 
Sa-f-V7*=K + Jw; 

/. 7 --^-i(K + riw-8„). 

Whenever, in a gas of unknown constitution, 
oxygen may be present, the determination of w 
becomep indispensable, bccau^ without it the 
water possibly present in a gas w’onid escape 
us altogether ; we could not, for instance, dis- 
criminate between ethylene and oxide of methyl. 

The case wliich we have just been discussing 
includes that of the analysis of any gas 7O2.5N2 
which is combustible by means of hydrogen. 
Because the added hydrogen, for calculating 
purposes, may be included in the ‘v’ of our 
formuliB, to be ultimately allowed for. In 
practice, however, the variety of proximate com- 
positions included in the formula 7O2.8N2 is 
very small, so that, in the oase of such a gas, 


we had better at on^ oaloulate ^ proxhttaie 
components (N2,NA0, Ac.) directly from the 
data of the oombustion. 

IV. Let US now see how far the method of 
oombustion goes as an indirect method of proxi- 
mate analysis. Let us assume that we have to 
deal with a gas of the nature pre-suppoaed in 
case III., and that the quantities, k, c, w, 
have been determined, and none of them found 
= 0. We also assume that we know the formulas 

of all the several species I., 11., which can 

possibly bo present. To find the quantities of 
these contained in unit -quantity of the given 

gas (a;' for I. ; a;" for II ) wo might begin 

by calculating the elementary composition of our 
gas, i.c. the coellicients in the average formula 
a0,./3H2.702.5N2-l vol., and then express these 
algebraically in terms of the special values o', o" 
j8" &o., appertaining to the com- 
ponents I., II &c., thus, 

a = o'a;' + o!’x” -I- a'"x'”y Ac. . • I* 

i3 = jBV + j8V'-f /3'V", Ao. 

7 = 7V + 7'V'-t-7'V", Ac. 

8 = 5V + 5V' + 8'V", Ac. 

+ Ac. 

In practice, of course, wo need not calculate 
a, $, Ac., but may at once form equations between 

^K=^ki io=»c; = 

v V v 

values h'k". . c'c'^ . . , nW '. . . , 
k - 7c V -t- k"x"t Ac. 
c = cV c'V', Ac. 
w = w'x' + Ac. 

n-n^x' n"x'\ Ac. 
l = a;'->-a;", Ac. 
and solve these equations; 
shows more clearly how far the ractho«l goes as 
a method of proximate analysis. 

From either set we at once see tliat if the 
number of potential comiionents does not exceed 
five^ we can in general calculate tlie quantity 
of each in unit quantity of gas, i.c. 7^ x'^-.x'’. 
In general we say, because obviously if one or 
more of the co-eilicients a, i8...is=*0, so many 
equations collapse; in the case, for instance, of 
7=0 and 8 = 0, only three equations are left. 
And (to adhere to the example) if it should 
happen that all the values of 3 are the same func- 
tion of the respective values a, then equation II., 
or, if you prefer it, equation I., is lost, and only 
the case of two components is susceptible of a 
solution. A similar result occurs if all the com- 
ponents should liappen to contain the same 
number of hydrogen-atoms (or the same number 
of carbon-atoms) per molecule. Supposing, 
for instance, all the comi)oncnt3 w'ero of the 
general formula C JI<, then j 5 would by necessity 
be = 3, and equation JI. would be resolved into 
3 = 3a;' -f- 3.7:" 3.7;"'... which is a mere repetition 
of equation* V. And similarly, if all the compo- 
nents were di-carbon gases, equation I. would 
become useless. 

The general rule is, first of all to find out 
how many of the quantities k, c, n, w.., in addi- 
tion to our knowledge of the cojistitution of^ the 
gaSy we should need to calculate the co-efllcients 
a, )3... of the average formula. Suj^osing 4, 3, 2 
I sufiico, then (in general) 8, 2, 1, (but not any 
: 3, 2, 1), equations of the second set, taken along 
I with equation V..., will suffice to find thb un- 


II. 

III. 

IV. 

V. 


=n, Ac., and the special 
, thus — 

I. a. 

II. rt. 

III. a. 

IV. a. 

V. a. 

but the former set 
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(juantltiM proridod their 

niunber does not exceed 4 , 8 , 2 . 

For examples see the writer’s Tables to 
facilitate chemical calculations (Williams Ss 
Worgate). 

The folloioing table gives the values of c, ft, 
$ 0 , w tor several gases. 


1,— Combustible by Oxygen, 



« 

k 


u> 

n 

Hydrogen, .... 

1*5 

0 

0*5 

1 * 

0 * 

Carbonic oxide, CO . . 

0*5 

1 

0*5 

0 * 

0 * 

Methyl-aldehyde, CH..0 

1 * 

1 

1 * 

1 * 

0 - 

Ammonia, NH, . . . 

1*25 

0 

0*75 

1*5 

0*5 

Methylamino, CH^N . 

1*75 

1 

2-25 

2*5 

0-5 

Cyanogen, N^C^ . . . 

0 * 

2 

2 * 

0 * 

1 - 

Hydrocyanic acid, NCH 

0*75 

1 

1-25 

0-5 

0*5 

Marsh gas, CH^ . . . 
Acetylene, C.^Ha . • . 

2 - 

1 

2 * 

2 * 

0 * 

1*5 

2 

2*5 

1 * 

0 * 

Ethylene, O.^H^ . , . 

2 - 

!2 

3* 

2 * 

0 * 

Etliano, C.iH„ .... 

2*5 

2 

3*5 

3* 

0 - 

Propylene, C 3 H 0 . . . 

2*5 

3 

4*5 

3* 

0 * 

Propane, C,,Ha . . . 

3* 

3 

6 * 

4* 

0 * 

Oxide of methyl, C.^n^O, 

2 * 

2 

3* ! 

3* 

0 * 

Benzene, C^Ha . . . 

2*5 

0 

7*5 

3* 

0* 

1 vol. = CaH;9 . . . . 1 


; a 

1 


0-5/8 

0* 


II . — Combustible by Hydrogen,* 



Nitrous oxide, N^O . . 1* !• 1* 1* 

Nitric oxide, NO t . . . 1*5 !• !• 0*5 


The Fr^tice of Gas Analysis. 

In this section we take cognisance only of ! 
the chemical methods, and in regard to these 
confine ourselves in the main to those apparatuses 
in which mercury serves as a trapping fluid. 

Taking ordinary laboratory appliances for 
granted, all that gas analysis demands of special 
apparatus is ; a barometer, a pneumatic trougli 
with transparent sides, and a scries of glass 
tubes, closed at one end and open at the otlier, 
and provided, virtually, with t\>o scales, of which 
one divides the gas capacity, and the otlier the 
axis, into units of sulhcient smallness. One or 
more of those tubes must bo provided near the 
closed cud with a couple of fused-in platinum 
wires so that a combustible gas-mixturo in it 
may be exploded by means of an electric spark. 
The possibility of obtaining exact results by 
means of those simple contrivances is proved 
by the fact that all the great gasometrio work 
of Cavendish and Gay-Lussac, which laid the 
foundations for our present chemistry, was done 
with apparatus like those referred to, or even 
with apparatus of a lower order of complexity. 
Of course to obtain exact results wo must bo 
alive to all the numerous sources of error 
involved, and eliminate them as far as possible 
experimentally or otherwise. It is one of the 
• 

* A=hydi«gon necessary for combustion, 
t Nitrio oxide ooimot be burned with H, alone ; it 
' requires addition of a certain proportion of N^O ; aud even 
then the combustion is irregulu (Bunsen, Uiu. MctK 
fad jSd. pp. 9S, W), 


merits of Btinsen to have done this for us, and 
to have thus brought the old method of gae 
analysis into a form which, on the score of pre- 
cision at least, leaves nothing to be desired. 

Bunsen's Apparatus and Methods, 
The first requisite of exact gas analysis, Bunsen 
says, is a special room in which the tempera- 
ture is subject to only slight, and to no sudden, 
variations. The ideal gns-room forms part of a 
substantial building ; it is not warmed artifici- 
ally nor is it contiguous to any other room thus 
heated ; and its jvindows face the North, to keep 
out the sun. In such a room the temperature 
during a working-day remains constant as a rule 
to within 1°C. although the variations of tem- 
perature of the outside air may amount to as 
j much as 12°0. A characteristic of Bunsen’s 
j method is that the chemical treatment of a gas 
is effected in the tube in which it has been 
measured ; but he uses two kinds of tubes, one 
for the absorptions, the other (eudiometers) for 
the combustions. Both are about ‘20 mm. wide 
(inside measurement; in narrower tubes the 
capillarity assumes measurable values) and 
2 mm. or so strong in the body, which strength 
suffices even for the eudiometers. The absorp- 
tion tubes are about 250 mm. long, and are pro- 
vided with spouts, so that a gas contained in one 
can be transferred to another tube by laying 
down the absorption tube in the trough. In the 
case of the eudiometers a length of 5004)00 mm, 
suffices for all ordinary purposes. The platinum 
wires arc (used in somewhere near the closed end, 
and are bent so that the two ends stand opposite 
each other at a distance of about 2 mm. Ever^ 
gas tube is provided with an etched-in milli- 
metre-scale, and the gas-volumes corresponding 
to the several marks are determined by calibra- 
tion, so that each tube is a laboratory, a volu- 
meter, and a manometer, in one. The scale is 
figured from the closed end downwards. To 
calibrate a tube it is fixed, open end upwards, in 
a vertical position ; successive, exactly equal, 
quantities of mercury are introduced, each cor- 
responding to some 20 mm. of scale, and after 
each such addition the exact position of the top 
of tho meniscus in reference to the scale is ob- 
served by moans of a horizontal telescope stand- 
ing at a distance of 1-2 metres, and the readings 
are taken down, care being taken, before each 
reading, to remove any air-bells that may be 
imprisoned between the mercury and the sides 
' of the tube, by means of a long stick of whale- 
bone. The measuring off of tlio standard volume 
of mercury is effected by means of a short stout 
! test-tube, ground exactly flat at its lipless rim, 
and provided with a lid of ground plate-glass. 
It is lilled from a pipette-like reservoir provided 
with a long nanow outlet tube aud a stop-cock 
at the top end of this tube. If care be taken so 
to operate that the mercury, while it fills the 
measure, forms one continuous mass, the fonna 
tion of air-bells is easily avoided. The measure, . 
while being filled, is held in a wooden clip (not 
directly in tho hand, which would cause the 
mercury to expand) while the lid is slung to the 
thumb of the same hand. The measure is filled 
to overflowing, the excess of mercury is removed 
by putting on tho lid, and the mercury is poured 
into the tube. 

The mercury-measure is assumed to hold 



* V ' volumes of meroury, v being so chosen 
that, for differences of capacity at least, the 
tnimerical value of the volume corresponds as 
nearly as possible with the respective scale 
readings, so that, for small differences, every 
1 mm. of difference of level can be assumed to 
correspond to unit-volume {i.e. to A v = 1). 
Supposing after addition of k measures full of 
mercury the meniscus stands at n mm., the 
volume of the body of quicksilver now in the 
tube is kv units by deiinition ; but the gas- 
volume corresponding to » is greater than kv, by 
the volume x of the IX(-shap*ed space between 
the meniscus as it is when the gas is being 
measured, and tiie meniscus as it was in the 
calibration. To determine x, we pour some cor- 
rosive sublimate solution on the meniscus (after 
having read off the number n in calibration) 
which causes the meniscus to flatten out into 
a plane, and wo read the position of this piano 
which stands say at r- 8 mm. Counting from 
some horizontal reference-plane 00 upwards, the 
volume of the mercury and the total space from 
00 to the horizontal plane through r are constant. 
The volume hx has become visible as a cylinder 
of the height 5 millimetres, and consequently 
of the capacity of 5 ‘ units.’ Hence the gas 
volume conosponding to point n is kv + 2K 
From the values kv + 25, and the corresponding 
readings r' r" b'" &g., it is easy (though tedious) 
to calculate a calibration table which gives all 
the gas-volumes from mm. to mm. directly. In 
reading off with a good telescope one soon learns 
to divide every individual degree into tenths by 
the eye; the (Av)s corresponding to them are 
found by interpolation fiom the tabular entries. 
Should the tube be used for measuring over 
water, we remove the meniscus-correction by 
subtracting 2S from the registered volume, and 
thus obtain as good an approximation to the 
gas-volume over water as is called for in such a 
case. 

During the course of the calibration the tem- 
perature of the mercury must be kept as nearly 
as possible constant, or else the values recorded 
for the lower marks may be very appreciably 
incorrect. It is well to record the mean tem- 
perature during the period of calibration, and 
to determine the weight in grams of a measure- 
full {v * volumes ’) of mercury at P, in order to 
be prepared for reductions of gas-volume to gas- 
weight. One gram of mercury at O^C. occupies 
0*07355 c.c. (log. 2-8G6589), and the volume at 
PC. is 0*07355 (1 -f 0-0001814 t) c.c. 

To prepare a eudiometer for receiving a gas 
we first make it rigorously clean, and next, if 
the gas is meant to be measured ‘ moist,’ attach 
a small drop of water to the closed end, which 
during the operation of filling with mercury 
gets flattened out and spread over the inside, 
and so offers a large surface to the gas. The 
mercury is introduced through a long funnel- 
tube (provided with a stop cock at tho bottom 
of the funnel) which goes to the bottom of the 
eudiometer. By means of this arrangement it 
is easy, after the introduction of the first thimblo- 
full of metal, to let tho mercury in eudiometer 
and funnel form one unbroken mass, and thus 
to avoid formation of air-bells at the sides of 
the tube.^ 

* In regard to the aolleotlon ood preeerratton of gat 


Assuming the gas to have hem introdttoedi 
and the tul^ to have been fixed in a vertical 
position, wo begin by preparing for the reading 
of the level of the trough by inserting a paper 
screen, provided with a shaped perforation, 
between the mercury and the front (glass) wall 
of the trough, which gives a fairly distinct image 
of the lino of intersection between scale and 
trough-level plane ; wo then suspend the ther- 
mometer somewhere close to the tube and next 
leave the room for a timo to allow tho gas to 
assumi^ the temperature of tho air. On return- 
ing wo read off : 

1. The position r of the meniscus in the 
tube. 


2. Tho level of tho mercury in the trough, 

3. Tho temperature, P. 

4. The barometer ; let its height bo=:Rmm. 
This reading conies last because the barometer 
requires to be tapped before being read and this 
cannot be done from a distance. 

In the vast majority of cases the tempera- 
tures for tho several gases to be com- 

pared do not differ mucli from their mean; 
hence, even if they differ considerably from tho 
temperature which prevailed in tho calibration, 
the value furnished by the calibration table for 
R can be put down as the correct relative 
volume of the gas measured ; and the pres- 
sure of any mercury-column measured may be 
identified with its nominal height in mrns. as 
read. Hence we have for tho pressure of the 
dry gas at the observed volume p = 
B + R— (r^ + it) where tt is the maximum pressure 
of steam at P, and for tho gas-quantity (the 

volume reduced to unit disgregation) 

273 + t 


(see theoretical part). 

Bunsen prefers reducing fo 0°0. and 1000 
mm. pressure by tho formula 

® 1000(1 + 0-003r.05^) 

which, if a table of tho logarithms of all the 
values (1 + a f) is at hand, is as short a method 
as tho one recommended by us. 

Corrections of tube-capacities and mercury- 
heights for variations of temperature occur 
only in the rare case when one of the gases 
concerned in tho analysis was measured at an 
artificially established high temperature t. In 
this case the value v furnislied by the calibra- 
tion table for the reading r must be corrected 
thus:-— 


(True capacity down «o r) v[l + A.{f— fo)] 
where A stands for tho coefficient of the cubical 


expansion of glass, and may bo put down at 
27*0 X 10"®. And for the observed lieight h of a 
mercury column measured at a high tempera- 
ture f we must substitute tho height the 
equivalent column of mercury of degrees. f, 
stands in both cases for the average temperature 
that prevailed during the determinations made 

in the ordinary manner. Obviously «*« 

1 + rf t 


and with sufficient exactitude. 

^ ;to=7t [!-/<; (f-g] 

samples, and the mode of introducing a ssAnple into the 
eudiometer, we refer to Bunsen’s Ga.tom/!trinhe ifetlioden, 
second edition, Braunschweig, 1877. The ftrsf- editiom 
1867, wni' translated intoEngliuh by RoBCOe,and pabllahtd 
by Walton and Maberley, London. 





k m 'O.O0IS.-r gpekking the nominal value 

L of a mece of imlhbnetre-scale as measured at 
t should be Oorreotod thus : 

(True length at t) - l( 1 + x 10"®). 

(It i£K easier to remember that 1000 mm. expand 
by 0*02 mm. per 100° of increase of tempera- 
ture.) But our work must be very exact to be 
worth this correction. It is more relevant to 
state that whenever we wish to make use of 
Begnault’s determinations of absolute gas- 
densities we must measure by his unit of 
(temperature and) pressure, and consequently 
reduce our mercury-columns to true mm. of 
mercury of 0°C. llegnault’s densities i>, on 
the other hand, ought to bo reduced to the 
gravity of the place of observation ; this correc- 
tion, however, may as a rule be neglected. 

For the execution of an absorption the most 
obvious method is to shake the gas with the 
respective reagent in the liquid form, and to 
measure the gas-residue as it stands over the 
layer of liquid reagent. But this method is 
in general attended with a number of obvious 
grave errors, and, besides, does not readily adapt 
itself to the successive application of different 
reagents. To overcome these dilliculties Bunsen, 
as a general rule, uses all the absorbents in the 
form of solid or semi-solid balls, fixed each to 
the end of a platinum wire. Caustic potash, 
chloride of calcium, &c., are cast in a bullet- 
mould around the coiled-up end of the wire. 
To bring sulphuric acid, alkaline pyrogallato- 
solution, and other intrinsically liquid reagents 
into a |77W.si-solid form, a ball of some suita- 
ble porous inatcrial— battery charcoal for vitriol; 
papier-mach6 for pyrogallate, Ac.— is fixed to 
the end of the wire and the ball is then soaked 
in the respective liquid. In this manner it is 
quite possible to accomplish an absorption even 
with oil of vitriol, without soiling the tube or 
the mercury to an inconvenient degree, llo- 
agent vapours left after an absorption, or foreign 
vapours produced by the reagent— the SO, 
and SOo which are always left after an ab- 
sorption of olefines by fuming vitriol — must of 
course be removed by suitable reagents (SO;, and 
SO.j by a soft potash ball) before the residue 
is measured. As small remnants of, for instance, 
KHO, remain unavoidably in tlie tube, the resi- 
dues must in gciKU’al be measured dry, because 
the pressure of water in the presence of moist 
KHO is incalculable. 

The weak point in Bunsen’s method is that 
it is tedious, and that it does not enable one to 
see the end of an absorption otherwise than by 
the repetition of the process with a fresh reagent 
ball. Bunsen himself has indeed come to effect 
carbonic acid absorption, by shaking the gas 
with solution of caustic soda, and measuring 
the gas-vesidue over the layer of reagent. To 
be able to correct for the pressure of this layer 
and for the vapour-pressure of the fcagcml, he 
employs it in the form of a staiidardiscd solution 
containing exactly 7 p.c. of NaOII, which has a 
practically constant specific gravity. He has also 
determined the course of the pressure-curve by 
standard experiments; the results arc embodied 
in a table apj^ended to his QasometrisUhe Metho- 
dent second ^ition. 

In this connection we must refer to an 
ingenious method devised by Bussell (C. J. [2] 


6). ^e introduces the reagents as solutions by 
means of a graduated syringe; and after they 
have done their work, removes them by means 
of a ball of cotton-wool, previously rendered air- 
free by kneading it under mercury. To remove 
what adheres to the tube and mercury he rinses 
tlio inside with some injected water and removes 
this by a fresh cotton-wool plug. 

In the analysis of a gas by combustion a 
necessary proliminaiy step is to remove (and 
determine) what there i-my be of S(>,, CO.,, NHj, 

I and similar gases, by suitable al)sorbent8. Part 
of the residue is transferred to tlie eudiometer 
and measured. Let its volume (reduced to, say, 
unit disgregation) be equal to v units. The ne- 
cessary quantity of oxygen or hydrogen is now 
added and its quantity is determined by mea- 
suring the mixture (let its red. volume be v'). 
The mixture is now rendered explosive, if ne- 
cessary, by adding the requisite proportion of 
fulminating gas, tlie wliole is well mixed and 
prepared for explosion by pressing the open end 
of the eudiometer firmly against an india-rubber 
pad lying on tlic bottom of the trough. The 
iip])or surface of the pad must have been rendered 
air-free by rubbing it over with a few drops of 
corrosive sublimate and mercury. After these 
preliminaries the combustion is effected by pass- 
ing an electric spark through the mixture. After 
the combustion, the eudiometer is carefully lifted 
from its cushion, so tlmt tlie merenry enters 
slowly and without drawing in air. Tho gas, 
after having been allowed to cool down to the 
temiierature of tho room, is measured, to deter- 
mine its reduced volume v". l-honi the data 
obtained so far, we have for the contraction per 
unit of original gas ; 

(u'-r"). 

After this determination comes, if necessary, 
that of tho water i)rodnced, wliicsh of course is 
practicable only if tho original gas and the 
added oxygen were used in tlie slate of perfect 
dryness and any added fulminating gas measured 
exactly. To determine tho water- of which 
part ill general separates out in the liijiiid form 
— the eudiometer is lifted out of the trough by 
means of a small beaker, and with it, as its 
temporary trough, placed within a glass cylinder 
through which a current of steam can bo passed 
to raise the temperature of the whole to some- 
thing like ]00°C. Tlie exact temperature t'" 
is noted down. If care be taken to arrange 
matters so that tho pressure of tho gas mixture 
produced is not more than 0-5-0'G atmospheres 
the steam may be practically regarded as a 
perfect gas, so that tlie measnreraent of the 
mixture enables on i to calculate its quantity. 
If tho red. volum# of the mixture be v'", wo haVQ 
for the steam per im't of original gas ; 

«’4 (<>'''-«>")• 

In this measurement tho corrections for tha 
expansion of the glass and mercury, which wore 
referred to above, necessarily come in. 

The determination of the carbonic anhydride 
produced is effected by caustic potash. In an 
aliquot part of the residue, the surjilus-oxygen 
(or hydrogen if we have to deal with a gas 
combustible by hydrogen) is determined, if iieoes* 



Wi 




•m* Oxygm cba ti^ hy ^^ion 

Witii (Excess of hydrogen (its quantity is | of 
the dontraotion), or it may be determined by ab- 
Bo^tion with pyrogallate ; hydrogen is deter- , 
mined by explosion with excess of oxygen, f of 
the contraction is the volume of the hydrogen. 
tThe nitrogen is found by difference. The method 
of combustion— as a method of ultimate analysis 
at least — is susceptible of a high degree of pre- 
cision, which, however, is attained only if we 
take care to avoid its numerous sources of error. 

I. The reagents used mpst be absolutely 
pure, which of course includes absence of air ; 
hence in any case the gas-evolution apparatus 
employed should be no larger than is absolutely 
necessary, so that the air-space is reduced to its 
minimum. 

Pure oxygen is easily made. A few grams of 
pure potassium chlorate are introduced into a 
little bulb blown to the end of a glass tube, and 
the latter is then drawn out and bent into the 
form of a gas-delivery tube. The rest needs no 
explanation. 

Pure fulminating gas is best produced 
electrolytically from 10 per cent, pure sulphuric 
acid. The two elements are sure to be produced 
in the exact ratio of Har JOj, but whether the 
gas as it comes off really has this composition 
depends on the observance of certain conditions 
which cannot be formulated better than by a 
description of Bunsen’s apparatus {Fig. 1). 



Fia. 1. 


The decomposition-cell consists of a cylindrical 
bottle provided with f used-in platinum electrodes 
oat and terminating in a funnel; it is filled 
with the acid up to about gths of its capacity. 
The end e of the washing-bj.lbs and delivery- 
tube is ground into the neck of the funnel ; a 
few drops of acid poured over the joint make it 
absolutely tight. Tho bulbs d are charged with j 
a few drops M oil of vitriol to dry the gas | 
evolved. The wttlc is suspended within a bath 
of water c c (or alcohol to avoid its freezing in 
winter-time). ,To produce a current of fulmi- 
nating gas, the wire ends bb are connected with 
tho poles of a battery of fout ‘ Grove * or 
* Bunsen ’ cells, and the gas evolved during tho 
first five minutes is allowed to escape In order 
to expel the air, and to establish absorptio- 


xhot^ aquiUhriufii befwein the^ 
the gas held In solution by, the abid. As 
has a greater coefficient of absorption ($) than 
hydrogen the first portions of gas that come 
off contain an excess of hydrogen. Besides, the 
ratio varies with the temperature; for 
this reason, and also to avoid undue heating of 
the conducting-wires, the bath is used. 

Imagine tho apparatus to be so modified 
that tho oxygon electrode is immersed in a mass 
of liquid zinc-amalgam, which takes up the 
oxygen as quickly as it is liberated from water, 
and you have Bunsen’s apparatus for producing 
pure hydrogen. But a sulliciently pure gas for 
most purposes can be obtained in the ordinary 
manner, namely, by the action of 10 p.o. (pure) 
sulphuric acid on pure zinc, in the presence of 
platinum, within a small, narrow-necked, flask. 
The hydrogen thus evolved is filtered through a 
short narrow tube full of fragments of caustic 
potash to remove traces of sulphuretted hydrogen 
and moisture. 

II. The second point to be attended to is 
that the quantity of oxygen (or hydrogen) added 
to the gas to be burnt must bo in excess over 
tho calculated quantity (a large excess is not 
necessary). Tho mixture must be perfectly 
homogeneous before the spark is sent through 
it. 

III. The gaseous mixture must bo brought 
to a proper state of attenuation. Let us assume 
that the gas to be burnt is a pure specimen of 
H, CO, CH,, or some other gas, C^II^. A glance 
at the formula shows how many volumes of 
oxygen wo have to add to produce what we may 
call tho respective fulminating gas. Thus tho 
equation C JI^h- 302 = 200.^ + 211.0, tells us that 
every one vol. of ethylene needs 3 vols. of oxy- 
gen. Any fulminating gas will explode when 
tho spark is sent through it at the ordinary 
pressure, but the force of tho explosion is in 
general more than tho best eudiometer will 
stand. To avoid sueh accidents, we must 
attenuate tho gas by addition of diluents (such 
as surplus oxygen or air), or by mere expansion, 
or in both ways. In practice we must go even 
beyond the safety point, because in most cases 
nitrogen is present even in tho original gas, and 
a considerable quantity of this nitrogen may be 

^ converted into nitric acid if the temperature of 
tho flame is too high. But wc must take care 
on the other hand not to attenuate too largely, 
or else the mixture may miss fire, or, what is 
worse, suffer only partial combustion. The effect 
of an explosion — in tho chemical, physical, and 
mechanical, sense — is determined by many inde- 
pendent variables, which, if arranged in the order 
of their importance, would begin with the che- 
mical constitution of tho gas to be burnt, and end 
with tho relative narrowness of the eudiometer. 
But given a certain eudiometer, and suppose it to 
be charged with a certain fulminating gas whi<^.^ 

I contains, let us say, unit vol. of tlic respectitfi; ■ 
‘/weZ,’ measured at tho ordinary tcmperatutiei 
and the pressure of one atmosphere, the attenua- 
tion of this gas to a certain eudiometer space, 
equal to units of vol., will render the explosion 
both safe and effective. A of coursejias one value 
if the attenuation be produced by mere expan- 
Bion (mere reduction of pressure), another value 
if it be nroduced— at. say. 1 atm. pressure— by . 



of air, a t&iir^ ifeo., in iotieff- 
mediate oases ; eiMsh ease fortanately admits of 
a liberal toleration, ± (A a). The a for a given 
qpeoies of fuel can of course be determined only 
by experience ; supposing it has been ascertained 
for H, CO, CH4, and the value for CH^ is a„, we 
might suppose that the proper a for or 
0,Ho would be about 2Ao, that for a Cj-gas about 
8Ao, &c. ; but unfortunately the supposition is 
not borne out by experience; C.^Ho, for instance, 
explodes far more violently than although 
it contains less liydiogen per molecule. But to 
pass to experience. According to Bunsen and 
Kolbe, the explosion of ordinary fulminating 
gas (Hj + 1^0 2 ) in admixture with air takes its 
normal course at from 500 to COO mm. total 
pressure, if the percentage of the explosive gas 
lies between 20-8 and 30-1. According to our 
calculation from the data of the five experiments 
recorded by Bunsen, this comes to the same as 
saying, if the partial pressure of the fulminating 
gas lies between 108 and 230 mm. ; or if a, re- 
ferred to the hydrogen, is between 4-0 and 10*5. 
If A > 10-6, the gas fails to burn ; if a < 4*9, 
nitric acid is produced. In the combustion of 
a given quantity of oxygen by added hydrogen, 
we may use 3-10 volumes of the latter, per 1 vol. 
of oxygen, if we start with almost pure oxygen. 
In the analysis of ordinary air, 0-5-1 vol. of 
hydrogen per 1 vol. of air works well (Bunsen). 
V^enever hydrogen is used as a reagent, the 
chance of nitrogen being drawn into the com- 
bustion is relatively small, so that wo have greater 
latitude on this score, in clioosing our conditions. 
If the oxygen to bo determined is accompanied 
by an unknown proportion of nitrogen, we first 
try two volumes of hydrogen for one of total 
gas; if the mixture fails to explode properly we 
add the requisite pA)portion of fulminating gas, , 
t.d. BO much of the laU(?r that it forms about 40 
p.O., but no more, of the whole, and explode 
again; this time presumably with success (Bun- 
sen). In the case of marsh gas, Bunsen directs 
us to add 8-12 volumes of air besides the neces- 
sary 2 volumes of oxygen, which, assuming the 
mixture before the explosion to be at COO mm., 
makes our a equal to 14 to 19. For C JI,, his 
directions are somewhat obscure, but in a test- 
analysis quoted by him, the pressure of the 
mixture as exploded was 64G mms., and it con- 
tained 0’048C8 of its vol. of OoH^. Hence a ~ 2S-C ; 
and the partial pressure of the explosive gas 
(C2H4 -t 30.) was IOC mm. 

The addition of largo volumes of air to tho 
gas to be analysed does not of course add to the 
precision of the work generally, and in tho best 
case will render the determination of the nitro- 
gen in the ultimate })roduct somewhat uncertain. 

Thomas {C. J. 35, 213) was the first to sub- 
stitute mere expansion for dilution ; the (Frank- 
land) apparatus ho used enabled him to do this 
without trouble. Lothar Meyer and Seubert (C. J, 
45, 681) have lately taken up the same method 
and rendered it available for Bunsen’s apparatus 
by the invention of an auxiliary apparatus in 
which a kind of mercurial air-pump, constructed 
on tho Geissler principle, serves to establish any 
desired pressufo at the same time in the eu- 
diometer and in a moist-vacuum barometer, so 
that the difference of level between tho menis- 
ouses of the two at once gives the nressare of 
Von. L 


tbe ($17 % ibfeaiiB of ihli apparatus, they 

ascertained, for each of a series of gases com* 
bustible by oxygen, the minimum pessure at 
which the undiluted fulminating gas is exploded 
by an electric spark, and also a range of pres- 
sures at which the explosion is both safe and 
effectual. The following table summarises what 
for us are the main results. To explain the 
headings let us give the reading of the table for 
CH4 in full. Imagine a given quantity of marsh 
gas mixed with a little more than two volumes 
of oxygen; this mixture will explode normally if 
its pressure is reduced to p = 140 mm. by mere 
diminution of pressure, tho partial pressure of the 
CH, itself will now be at 47 mm., and its attenua- 
tion (as defined above) at a = 1C, that is to say, 
every 16 units of vol. of t])e expanded mixture 
contains 1 vol. of CH^ measured at 7C0 mm. 


Fuel 

P P 

in millimetres 

A 

CH4 

140 47 

16 

C2H4 

70 -80, say 76 19 

40-5 

C2H2 

40-50, say 45 13 

69-1 

CA 

80 14-6 

62-2 

CsH« 

80 13-3 

67-0 

CO 

243-219 1C2-140 

4'7-5*2 

H, 

176-127 117-85 

6'6-9 

[Ha 

{Partial Pressures.) 
176-127 117-85 

4-9-10-6] 


[By Bunsen and Kolbo’s experiments {vide 
S7t2)ra ) ; air added as diluent ; total pressure in 
tho mixture as exploded, 620-590 mms.] 

With Meyer and Seubert’s, or some other 
equivalent, apparatus at hand, tho order of 
operations with a gas of unknown composition 
is as follows ; — After having added a sufficient 
volume of oxygen, we next ex]»aiid so largely as 
to bo certainly on tho right side of the safety 
line, and apply the spark ; if no explosion occurs 
wo repeat the trial at successively greater 
pressures. Should the greatest available pres- 
^ sure fail to produce inllammability, we add a 
' suitable proportion of ordinary fulminating gas 
(H,+ 10.2) as above explained, &c., &c. 

*Tlie Bunsenian mode of gas-analysis, while, 
perfection in regard to precision and elegance, 
is very wasteful of time, for obvious reasons, 
which any reader who has followed us so far 
will easily discern. The desire to do away with 
this evil has led to the construction of quite a. 
series of moro or less compliesitod gas appa- 
ratus. The moro important of these are- 
de.scribed in the following paragraphs. To- 
avoid repetitions, let us state beforehand that, 
all tho apparatus to bo noticed agree in the: 
following points : — 

1. For accelerating the absorptions the re- 
agents are all use i as liquids, and the absorp- 
tions are carried out in a special piece of 
apparatus {laborai Are) ; the residual gas is then 
transferred to the iJicasurcTt where it is saturated 
with vapour of water, and measured. 

2. The measurer is immersed in a water-bath 
to bring the gas contained in it to a definite 
constant temperature, without much loss of 
time. 

3. The mode of measurement is so contrived 
that tho calculation of the gas-quantities (the 
Qs) becomes very easy or even unnecessary. 





IU0uttat and Beiset (A. Oh. [8] 28, 888), 
while engaged in their great research on respi- 
ration, felt the want of a quick-working appara- 
tus for the numerous gas-analyses involved, and 
at last adopted the combination represented in 
2 and 2a. The vertical tube a conjointly 
with the moveable trough v constitutes the 



Fig. 2. 


iaboratory ; the measurer consists of a long i 
U-tube, the limbs of which are of glass, while 
the bend consists of an iron or steel tube, ter- 
minating in two sockets b and c (see auxiliary 
figure 3), in which the two glass tubes b and 
C are fixed by means of a resinous cement. A 
two-way cock n below b (fig. 3) enables one to 
effect the necessary connections. Tube b is 
provided with a couple of fused-in platinum 
wires near its top, so that it can be used for the 
combustions as well as for the measurements of 
the gases. Tube c conjointly with b serves as 
an open manometer. The capillary ends of a 
and B are cemented, each into the socket of a 
capillary steel stop-cock, and the ends of the two 
steel-fittings which face each other are shaped 
so as to constitute the two halves of a Jlcgiiaul*- 
coupling, so that the two tubes can be united 
hermetically, or can be separated, at a moment’s 
notice. The construction of a Regnault’s coup- 
ling is seen from fig. 4. To unite a and b, the 
convex end of r (tig. 4) is smeared over with 
melted india-rubber, pressed against the con- 
cave part a' h\ and the two are then bound 
together by means of the clip a". As the conical 


groove in a!* has a slightly less anguli 
aperture than the sharp welt which it go< 
over, if the two halves of a" are screwed againi 
each other, they exert a powerful pressure, an 
make the joint absolutely tight. The volumete 
B, in the original apparatus, had only or 
mark, somewhere about the middle; but ti 



Fig. 


inventors subsequently added two more, on 
close to the upper end, and one near the lowei 
for the measurement of exceptionally small, o 
large, quantities of gas. The manometer c i 
not graduated, as the apparatus is intended t 
bo used with a catlntometer ; where this costl, 
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instrument is not at hand, tube o must be pro 
vided with a millimetre scale. 

To prepare the apparatus for use it isplacec 
on a sifbstantial support not Uable to incon 
venient vibration, and tho three levelling screw 
of the stand are adjusted so that tho tube 
B and 0 stand vertical. To determine thi 
relative gas-volumes corresponding to the thra 
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inarlrBt the volumeter is filled with merooiy, 
through 0 , and after the air-bells have been 
removed by the well-known artifiees» the weights 
of mercury w„ w^, Wj, which the tube holds 
from its exit-end at r (fig. 2a) to the highest, 
middle, and lower, mark, respectively, are deter- 
mined. For comparative measurements the 

volumes are put down as ^‘• = 1, and 

W„ Wfl Wo 

respectively. In the absence of a cathetometer 
the level points of the three marks on the scale 
0 must be determined with the help of an ordi- 
nary gas-room telescope. Lastly, a drop of water 
is introduced into b and spread over its surface. 
To analyse, say, a mixture of carbon dioxide, 
oxygen, and nitrogen, a sample of the gas is 
collected over mercury in a (perhaps with the 
help of an auxiliary-trough) ; tube a is coupled 
on to B (which is supposed to be quite full of 
mercury), and the gas is sucked into this tube 
by letting mercury run out at z. b having 
been closed by shutting the cock r, communica- 
tion is made with c, and mercury is run out 
until the meniscus in B stands at say exactly 
the middle mark ; the final adjustment is made 
with the telescope when the temperature of the 
gas has certainly become equal to that of the 
bath. When the final reading is made, b 
must of course communicate with c only. The 
reading of the height h of the mercury column 
in c, counting from the respective mark up or 
down as the case may be, and the reading of the 
barometer, oomijlete the measurements. Sup- 
posing ^ to be positive, and the barometer to 
stand at b, the gas-quantity measured is 

(y,:=l)x(/t + B-ir). 

273 + i . 

To absorb the carbon dioxide, the laboratory 
tube (which was left full of mercury) is charged 
with a little caustic potash solution, and the gas 
is blown into it from b. By letting the gas 
travel forwards and backwards between a and b 
a number of times, the absoiqition can be com- 
pleted in a short time. The residual gas is then 
sucked back into b, care being taken to shut the 
cock r' as soon as the potash solution comes to 
some mark (r, in the capillary part of a. The 
thread of gas from o- to r which is thus lost is 
of no consequence, as it amounts to only f>f 
Vfl. The mixture of nitrogen and oxygei^ is 
measured as before. The rest requires no ex- 
planation. If all the several gases are measured 
at the same temperature and volume, the (dry) 
pressure p', p", p'", of course may bo taken as 
representing their qs (red. vols.). 

Frankland and Ward, in 1853, introduced an 
ingenious modification of Rognault’s apparatus, 
which dillcrs from the original model chiefly in 
this, that the volumeter bears ten jnarks, so 
adjusted that the respective gas-volumes are to 
one another as 1 : 2 : 3 .... 10 exactly, and 
that in addition to Regnault’s open tube o (Figs. 
2, 2a), there is a third tube, d, which terminates 
above in a stoppered funnel or stop-cock. Tube 
D stands in the same water-bath witluB and o ; 
when used it contains only mercury and a little 
water, and thus assumes the character of a 
•moist' barometer, which serves to directly 
measure the dry pressure of the gas shut up in 
B. Tube 0 (in F. and W.’s apparatus) serves only 


for the inirodaotion of the meronry. Theleydt 
of the ten volumeter marks, in reference to the 
scale on the barometer, are of course determined 
once for all, hence the measurement of a gas, 
supposing its volume to have been adjusted to 
one of the ten marks on the volumeter, involves 
only one reading, namely that of the height of 
the mercury column in the barometer, which 
balances the (dry) pressure of the gas. Another 
advantage of F. and W.’s apparatus is, that for 
each gas measurement H gives one the choice 
among at least some three of the ten standard 
volumes, and thus enables one to reduce the 
error by an obvious method of repetition. Un- 
fortunately, however, the barometer rather 
aggravates what in the original apparatus is a 
sufficient trouble, namely, the liability of the 
apparatus to get out of order. However care- 
fully it may have been constructed, the joints 
between the glass tubes and their sockets are 
sure to become leaky, and the capillaries between 
the laboratory and the volumeter are oxaspera- 
tingly fragile. 

McLeod [1809] (0. J. [2] 7, 314), and Thomas 
[1879] (0. J, 35, 218) endeavoured to remedy 
these evils, and to effect other improvements. 
For details see the papers referred to. 

Infinitely handier than Regnault’s unwieldy 
machine, though not quite equal to it in poten- 
tial precision, is 

Doy Are's Aiyparatas.—i^itzi notice dates 
from 1848. Full description in A. Ch. [3] 28, 1.) 
The essence of Doy^re’s system is that the 
measurement of the gases is effected in a plain 
graduated eudiometer, while a series of Ettling’a 
gas pipettes serves for the chemical treatment 
of the gases, and their transference from vessel 
to vessel. The Ettling gas-pipette is depicted 
in fig. 6, and a glance at the figure suifioes to 



Fig. 6. 


show, in a general way at least, how the instru- 
ment is used for the transference of a gas from 
one tube to another ; nor is it necessary to for- 
mulate the conditions or limits of its availability. 
The measurer (fig. 6) when in use is suspended 
over a pneumatic trough, deep enough to admit 
of the total immersion of the measurer, and is 
surrounded by a mass of water contained in a 
cistern whose sides are of plate-glass, while the 
mercury of the trough forms its bottom. To 



^ . a ihe measiiror for the reoisption of a g48, 
it is oleanedi slightlj moistened inside, trans- 
ferred to the trough by means of the portable 
mercury trap (fig. 7) fixed in the clip l, and 
filled with mercury by sucking out tho air, by 
means of the (J -shaped tube (fig. 8). The gas, 
which we will suppose to be contained in a gas- 



pipette, is then blown in, to be measured at a 
certain fixed disgregation, which is kept rigor- 
ously ccnstant for the sot of gas-quantities to 
be compared. A glance at fig. 6 at once suggests 
a mode of fulfilling this condition. But this 
mode is not Doyero's. He allows the tempera- 




lia.& 

lure of the bath and the barometer to take care 
of themselves, but before each measurement he 
10 adjusts the height of the water in the bath 
that the volume of a certain fixed quantity of 
air, shut up over water at a place within the 
water of the bath, assumes a certain fixed value. 



V The standard body of aur is contained In 
the *BSffulateur* (fig* 9), a kind of atr-ther- 
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mometer which is fixed against a glass-plate, 
and, by it, suspended at a certain (by intention 
constant) height over the mercury-level of the 
trough. The water of the bath goes to some 
point B in the ascending branch of the capillary 
U-tube; BA is a thread of air; from a down- 
wards there is a continuous mass of water, over 
which the standard body of air is shut up at 
B. Before each gas-measurcmeiit, tho height 
of tho water in the trough is so regulated (by 
means of taps) that meniscus a stands at some 
determined point of the scale, and the air which 
serves as regulator is consequently at some fixed 
volume Vj. This being done, tho eudiometer 
is raised or lowered, until the height of the 
column of mercury suspended in it is at some 
fixed value, h^. As a result, the gns is now 
practically at least, at a fixed disgregation. 


Proof. The pressure of tho gas exceeds that of the air 
of the regulator by a+/j,+Aoi where A stands for the 
height of 11 * over ’ a (we refer to the regulator), and p, for ' 
tUc height from the lervol in the trough to that in n of the 
regubitor— both reduced to mercury. With a properly 
chosen h„, the value if not nil, Is at least 

small, and nearly constant. Now supposing we have, for 
two successively measured quantities of gas, I. and II. : 

I. rr. 

Por the rogulator-air v#, t' ; r\ Vo ; t" ; p". 

Pur the gas , . . V'; ,* (p'+c) V" ; ; (p"+c). 
As the regulator-air is at the constant volume, y„ wa 
have 


_ T'' 

p' "FT 

The 'reduced volumes’ (the qb) of the two gases are 
v'fp'+c)__^ v"(i*''+c) 

Q'*= — — andQ"=: — =7? — . . . 


L 

n. 


■“•It ■■ g Ifl but small, wo may write 



As both factors in the second term with the bracket | | 

are very small, we have practically, ^ 

Q" ~ yff’ 


As the measurer is necessarily very small, 
the adjifetment of k, must be made, and ih» 



m 


gAi-yoldmei vsaS, with ittore than ordinary 
oxaotitnde. Doyftre accordingly proyides a 
small short-vision telescope, which has a glass 
nuoroxneter-Bcale (fig. 10) in its focus. The 



Fig. 10. 


telescope is attached to a three-legged stand 
(which rests on a horizontal glass-plate fixed on 
the table close to the trough), in such a way 
that in all the necessary shiftinga the optical 
axis remains parallel to, or when necessary, in, 
the same horizontal plane. To adjust the 
telescope is so focussed that it gives a distinct 
image of the mercury meniscus in the trough, 
which image is then made to coincide with line 
o-o' (or bb' if the telescope is an astronomical 
one). The eudiometer is then lifted or lowered 
until the image of the top of its meniscus 
touches the central line a-a', which assigns to 
a definite, though unknown, value. This 
adjustment being made, the telescope is drawn 
backwards a little on the glass-plate to afford 
a good image of the eudiometer-scale, and to 
enable one to read the volume of the gas. The 



micrometer-scale serves to sub-divide the indi- 
vidual divisions on the eudiometer, which it 
does with an amply sufficient degree of precision. 
Before reading the eudiometer must be tapped 
to bring the mercurial meniscus into its normal 
shape. 

Assuming now that a gas, measured as de- 
scribed, contained carbon dioxide aiid air, and 
that we wished to determine the carbon dioxide 
by absorption with caustic potash. We begin 
by charging a gas pipette with mercury to about 
the. extent shown in fig. 6. We then take the 
pipette to an auxiliary trough, imm^se its IJ 
m the well, aied, after having blown out the air, 
suck in the requisite quantity of caustic potash 
solution from a test-tube inverted over the 
trough, taking care not to let any more mercury 
^loio than i$ necessary (practically) to trap 


tbo otmUnti by » ihrei^ of tteroury il We 
then transfer the pipette to the measurer con- 
taining the gas (as indicated in fig. 6), press 
down the measurer over the outer branch of 
the U) transfer the gas from the measurer 
to the pipette, by sucking at a, until drops of 
mercury are seen to fall into the working bulb, 
but no longer. Things are now in the condition 
depicted in fig. 11, and all that remains to be 
done is to agitato the contents gently so as to 
insure absorption of the OOj, and then to return 
what is left of the gas to the measurer. ^ This, 
however, is a delicate operation, which in the 
hands of a beginner is not unlikely to fail. The 
first step is to replace the pipette under the 
measurer, to lower the latter sufficiently (v. 
infra), and to blow into the pipette so as just 
to dislodge the mercury thread i 1. Supposing 
the pipette contains no more surplus mercury 
over and above that which was in it at the 
beginning, then as long as the meniscus in the 
eudiometer is below or at a level with that of 
the mercury in the trough, as it is underneath 
the bath, only part of the gas will pass out of 
the pipette into the eudiometer. The second 
step is to lift the pipette, so that its outflow 
end, B (fig. 6) or I (fig. 11), becomes visible 
within the gas-space of the measurer. As long 
as it is there, and the pipette is kept vertical, 
whether the gas flows out of b, or in at b, or 
remains at rest, depends mainly on the pressure 
of the gas in the eudiometer, and consequently 
on the altitude of the latter. But this altitude 
w'e have under absolute control. Hence what 
we have to do is carefully and slowly to lift the 
eudiometer until the thread of liquid reagent 
which makes its appearance as soon as the bulk 
of the gas is out, has come to, say, 2 mm. from 
the outflow end. We then stop sucking, put the 
pipette down on the table (which of coarse at 
once seals the end b with mercury), suck at a 
until we see mercury dropping into the pipette, 
take the pipette out of the mercury, and put it 
on the table to have it at hand for a repetition 
of the absorption. 

The sequence of operations described is not 
quite BO easy in practice as it looks on 
paper, because success depends largely on the 
permanence of the position of the pipette in 
reference to the plumb-line. Tilting over the 
pipette in the direction of the (J means adding 
to the pressure of the gas inside; and viceversd. 

For the explosions, Doy^re provides a special 
stout pipette, with f used-in platinum wires, Ac.; 
but the method of combustion finds little favour 
in his eyes, because his apparatus does not 
readily fall in with its requirements. 

In conclusion, the writer may be permitted 
shortly to describe an apparatus of his own 
invention, which, thanks to the valuable assist- 
ance of Mr. Lennox, he was enabled to con- 
struct on his own premises, and which has 
since done him good service. 

Dittmar's apparatus, like Doy^re’s, is based 
upon the Ettling gas-pipette. Apart from the 
necessary two troughs, it consists of the follow- 
ing three independent parts. 

The measurer (fig. 12) is a combination of 
a wide with a narrow glass-tube, after the 
manner of Gay-Lussac’s burette. The wide 
tube communicates by its lower contracted end 
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tritii ftlong eapillary tube of india-rubber, and Tolomes are counted from the point of the 
through it with a Geissler meroury-reser^oir. junction, because, after the introduction of a 
At their upper ends both tubes are provided gas, the narrow canal firmly retains its thread 
with Geissler stopcocks ; to the exit-end of the of mercury. The measurer holds a fixed posi* 
wide tube is soldered the capillary (J tube, tion on the right side of a pneumatic trough, i, 
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eharacteristic of Ettling’s pipette. The wide 
tube bears a mm. scale ; the gas-volumes ccr- 
responding to the several marks are determined 
by gravimetric calibration, at a rigorously 
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constant temperature, maintained by means of 
the water 'bath. The narrow bit of tube between 
the top of the measurer and its stopcock is a 
capillary of the same bore as the (J ; it joins 
on quite abruptly to ihe wide tube, and the 


I provided with two wells, one for the U of the 
measurer, the other for that of the exploder. 
In regard to the exidoder (fig. 13), wo have 
nothing to add to what is clearly seen from the 
figure, except the statement that the exploder 
in its present form is wider than the figure 
represents it to be, so wide, indeed, as to enable 
one to expand a gas considerably before ex- 
ploding it. 

The absorber in its original form is repre- 
sented in fig. 14. For the interpretation of this 
fig. it suffices to say that a is a small mercury- 
reservoir which enables one to sweep out the 
thread of gas left in the capillary after the 
liquid reagent has been allowed to travel up to 
the safe side of the point of junction between 
the horizontal part of the capillary delivery tube 
and the stem of the reservoir. An improved 
form of the absorber (devised by Mr. Lennox) is 
represented in fig. 16. 

To prepare the measurer for the reception of 
a gas, it is completely filled with mercury from 
the reservoir, the stopcock of the side tube is 
turned oil as soon as all the air is driven out of 
it, and a drop of water is introduced into the 
main tube at a suitable stage. 

The g&k to be measured must bq contained in 
a tube short enough to be within the range of 
the U : from this tube the gas is sucked into the 
measurer with the help of the reservoir, which 
is then adj^ied so that the gas-piessuxe inikU 
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is aboat one atmosphere. The stopoooh at the 
side tube is then opened, and the height of 
the reservoir is re-adjusted so that the menisci 
in the narrow and wide tube are in the same 
horizontal plane. A horizontal wire in the tele- 
scope facilitates this adjustment materially, but 
is not indispensable. The gas is now at the 
pressure b •+ 6 - ir, where b is the height of the 
barometer, rr the pressure of the vapour of 
water, and b the excess of the capillary depres- 
sion in the narrow side tube as compared with 
that in the wider branch. The temperature is 
of course that of the water-bath. As both p and 
T oscillate with a series of measurements only 



within small amplitudes, it is expedient to 
reduce, not (for instance) to unit disgregation, 
but to some mean pressure and temperature 
(if there has been any variation in cither or 
both) by means of some suitable formula, such 

( n T„ i 

where and stand for the standard values, 
and the observed values are assumed to be 
greater than these by (Ar) and (At) respec- 
tively. If a table of the reciprocals of the 
practically occurring ps and ts is at hand, the 
calculation becomes so very easy that it is not 
worth while to set up a disgregation indicator. 

Technical Oas-Anahjsis. 

To meet the demands of chemical industry 
there has been invented a variety of methods for 
the rapid, though perhaps only approxiifiate, 
analysis of certain classes of gas-mixtures. The 
methods all agree in this, that the use of mercury is 
dispensed with, the gases being measured over 
Water, or even perhaps over the respective ab- 
sorbent solutions. The Bunte Gas-hiircttc may 
be quoted as a typical example of this class of 
apparatus. Imagine a long cylindrical pipette 
graduated for gas-volumes and provided with a 
BLop-cock at each end, and combiuable with a 
reservoir by means of a long india-rubber tube. 
To analyse, say, a chimney-gas, the burette is 
filled with the gas by displacement, and the 
reservoir, after having been filled with water, is 
attached below. By placing the resjprvoir at a 
certain convenient altitude, and temporarily 
opening the upper cock, a certain volume of the 
gas is shut off at the pressure of one atmo- 
sphere. In order now to determine the carbonic 
acid, we suck out the water by an ^aeily ima- 


gined) auxiliary apparatus, and r^lace it by a 
solution of caustic potash, which is shaken witlr 
the gas. The caustic potash is then sucked out, 
water is let in, the original pressure is re-estab- 
lished, and the residue is measured. In a similar 
manner, the oxygen is determined by absorption 
with alkaline pyrogallate.* 

Analysis by the Method of Titration. 

This branch of analysis comprises the appli- 
cations of what was described in a previous sec- 
tion as the titrimeiric method of ii^irect weigh- 
ing. The method in any of its present forms 
is applicable only to such reactions as proceed 
readily in aqueous solutions ; the reagents, ac- 
cordingly, are always used in the form of standard 
solutions {liqueurs titrAes), x.e. solutions the 
strengths of which are known in reference to 
the process under consideration. 

The amount of standard solution required in 
a tituitum may be measured either by weight or 
by volume; in either case the measurement of the 
solution is only an indirect mode of weighing 
the active agent contained in it. The gravimetric 
method is certainly susceptible of the higher 
degree of precision ; yet tlie volumetric method 
is universally preferred, because it is by far the 
more handy and expeditious of the two, and, if 
properly conducted, (with very few exceptions) 
does ample justice to even the best titrimetric 
processes. 

The invention of volumetric analysis must 
be credited to Gay-Lussac. Long before him, it 
is true, Stirling enunciated the principle of the 
method, and Vauquelin and Dcscroizille used it 
for assaying commercial alkalis; but to Gay- 
Lussac undoubtedly belongs the credit of being 
the first to bring the method into an exact form, 
and to work out all its technicalities in the most 
masterly manner. Volumetric analysis was slow 
in progressing. Gay-Lussac’s more immediate 
successors, misled by his success in regard to 
silver, directed their attention almost exclusively 
to the translation of established gravimetric 
into volumetric methods ; failing to see (what is 
now so obvious) that the number of reactions to 
which both methods are applicable must neces- 
sarily be very limited. 

Very little real progress was made until 
1866, when Bunsen, by introducing a new idea, 
gave a fresh impetus to investigation. Starting 
from the well-known reaction which takes plaoo 
when iodine solution is dropped into aqueouf 
sulphurous acid (and which Langlois had 
j already utilised for the determination of this 
I substance), he established the conditions under 
which the process takes the precise course indi- 
cated by the eq lation ; and on the basis thus 
gained he developed exact methods, not only 
for the direct determination of these two bodies, 
but also for the indirect determination, 
means of the same two solutions, of a whole 

* Professor Winkler, of Freiberg, has made a speoiol 
study of this branch of gas-analysis, and has written two 
excellent books on the subject ; one of these has bewi 
translated into English by Professor Lunge. To these 
books and another we refer for further information. (1) 
Dr, Clemens Winkler, AnleUutKj tur chemiKhen Anai‘§a§ 
der /ndu 4 ttie-ffnse (Freiberg, Engelhardt, 1876), (8) An 
abridged edition of the same by the author. Translate by 
Lunge (Van Voorst, Loudon). Also, JMAodm tur 
Amlpte der Gate, von Walter Hempel (Braunwhwelfb 
Vieweg u. Bohn, 1880). 





•inefl of oxidising i^ts. for whiob an eqniTa- 
toni of iodine can be substituted by the purely 
gualitatiye^ execution of certain reactions. 

By this memorable research volumetric ana- 
lysis found its true sphere of action, as an in- 
valuable means for the determination of generic 
radicles, such as the active oxygen in peroxides, 
the loosely held chlorine in perehlorides, the 
replaceable hydrogen in acids, the oxygen or 
chlorine-equivalent of reducing agents ; for a 
host of determinations, in short, which prac- 
tically lie outside the range of the gravimetric 
method. Where the two methods compete in 
the solution of the same problem, volumetric 
analysis generally offers the advantages of greater 
promptitude and facility of execution ; it, indeed, 
stops where with gravimetric analysis the most 
difficult part of the work would begin. This 
advantage, however, is not an absolutely clear 
gain. The volumetric method, so to say, does 
not look at the body to bo determined, but, in a 
somewhat blindfolded way, only measures one I 
of its chemical properties, which in no case 
appertains to that body only ; hence errors are 
more likely to be overlooked, and are far more 
difficult of subsequent correction, in volumetric, 
than in gravimetric, analysis; for gravimetric 
analysis furnishes the thing to be weighed in 
the form of a definite compound, which can bo 
examined for its purity, and, if necessary, be 
purified before it is weighed. A small amount 
of iron, nickel, zinc, <S:o,, which has escaped 
precipitation may be searched for in the filtrate 
imd recovered; any deficit or excess obtained 
in a titration is thrown away with the rest of 
the products. 

We have no space for a full history of our 
subject ; yet wo must not forget to give credit 
to the late F. Mohr for having contribut3d largely 
to the modern development of volumetric ana- 
lysis, by his criticisms of old, and his invention 
of new, methods ; by the construction of useful 
apparatus ; and last, not least, by the compila- 
tion (for the first time) of an original and com- 
prehensive handbook * on the subject. 

In now passing to the systematic exposition 
of our subject, wo will begin with a few remarks 
on the 

Graduated Glass Measures 

which serve for the preparation of the standard 
solutions, and the necessary measurements of 
liquids generally. Volumetric analysis of course 
involves bflly comparative measurements; wo 
indeed never measure a standard solution other- 
wise than in reference to itself ; hence tlie unit 
of volume may not only be chosen at pleasure, 
but need not bear any known, relation to the 
unit of weiglit. But the only correct mode of 
gauging a liquid measure is to determine the 
weight of water it holds (or delivers) ; hence for 
those who are in the habit of using the gram as 
their unit of weight the most convenient unit of 
volume is the volume at (let us say) 16°C,of that 
mass of water whoso uncorrected weight in air is 
one ^am. We might herewith adopt this unit and 
call it the * fluid gram' In doing so we should 
not be guilty of any innovation. The customary 
unit with most chemists and instrument-makers, 

.. \ ^ht^uth der chemisch-amt^Uchm TUHrme- 
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ii ii tine, If the cubic cetUimire, but it is this 
only nominally; the actual unit in almost lUl 
commercial * cubic cenHmetre * measures oomec 
nearer to our fluid gram than to the nominal 
unit. From what we have said, the reader will 
understand that if in the sequel we speak of 
cubic centimetres, or litres, these terms mean 
only unit-volume, and 1000 unit-volumes^ 
respectively, unless it is clear from the context 
that we mean to approximately define an abso- 
lute quantity, or to refer to the well-known 
relation between the litre and the kilogram. 

As all aqueous liquids wet glass, the mark 
on a litre flask, &c., can be correct only in 
reference to a specified mode of reading. The 
best mode is this. Place the vessel so that its 
axis is vertical, and look at the meniscus hori- 
zontally with one eye. The meniscus then 
appears as a flat crescent-shaped strip. The lower 
boundai-y of this strip is taken as the line of 
reference, and the real, or imaginary, mark on the 
graduation with which it coincides (visionally) is 
taken down as the reading of the liquid. The 
line referred to gains in sharpness of definition 
if it is observed in transmitted light, and a strip 
of black paper is fixed to the back of the measure 
about 2-3 mms. below the line. With only one 
of the customary standard solutions, namely 
the almost opaque solution of permanganate of 
potash used for iron titrations, this mode of 
reading does not work. In the case of this liquid 
we must take the upper boundary of tho meniscus 
as our reference mark ; this upper boundary 
assumes its maximum definition if viewed in 
reflected light, and with a white background (a 
I piece of paper) immediately behind it. Any 
‘ reading made in this exceptional manner is of 
! course subject to an obviofis correction, tho 
i amount of which is ascertained by measuring the 
j height of the meniscus of a transparent solution 
j in tho same vessel. In most cases, however, 
tho volume to be determined is tho difference 
between two consecutive readings, so that the 
correction in question becomes unnecessary. 

In a vessel which serves for measuring out a 
certain volume, the small quantity of liquid 
which permanently adheres to the glass must be 
allowed for by the maker, i.e. tho scale must bo 
constructed so as to include what would other- 
wise be a necessary correction. In tho case of 
gra<ljJated pipettes this can of course bo done 
only on tho basis of a conventional modo of 
emptying out, whicli, when once fixed upon, 
must bo rigorously adhered to. The therrnio ex- 
pansion of glass may unhesitatingly bo neglected 
in the graduation of a titrimetrio measure. A 
glass flask which holds 1000 c.o, at 15°C., at 
15 ± 10® holds 1000 c.o. ± 0'27 c.o. ; i.e. only 
more or less. Tho thermic expansion of the 
solutions measured is far more considerable, and 
cannot in all cases be neglected. We shall 
come back to this point in tho next section. 

The chemist now-a-days has no occasion to 
graduate his own burettes, litre-flasks, &o., but 
he should never use a set of instruments — 
although they come from tho most famou.s 
maker— without having first tested*them. The 
following is the method to be pursued. Passing 
from measure to measure, and with each measure 
from mark to mark, measure in or out the 
several marked olf volumes of pure water of 
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kx^wn tamperatore, and datermine their weights 
in grams. In the ease of apparatus with a 
running-on scale, only every 10th or 20th mark 
need be checked in this manner, unless there 
are visible irregularities in the graduation. 
After having thus gone through the whole sys- 
tem, reduce all the water-weights to the same 
temperature, say to 15°0. {i.e. from the observed 
weight of water of calculate the weight of 
water of 15° which fills the same space) ; divide 
each corrected weight by the corresponding 
nominal volume, to ’find the weight-value of the 
actual unit — and draw your conclusions. Sup- 
posing the several units agree fairly, select a 
suitable average value (not necessarily the mean, 
because the numbers are not all of the same 
weight mathematically) as the unit, and calcu- 
late the volumes corresponding to the several 
marks in terms of this adopted unit. The results 
ought, by theory, to agree witli the respective 
nominal values, but in practice, of course, we 
cannot expect absolute coincidence. In a burette, 
for instance, which gives ^ o.c.s directly, we must 
tolerate ± 0*1 c.c., and with the lower marks, 
even a little more. Whether the actual unit is, 
or is not, equal to the nominal is of no conse- 
quence ; yet, if it is not, it is obviously advisable 
to note down its value — in fluid grams or o.c.s 
— for future reference. 

To facilitate the calculations involved in 
such work as the graduation of instruments, 
the writer many years ago calculated the follow- 
ing table 

A mass of water, which, in air of t°G., and 
7C0 wim. pressure, balances a brass kilogram 
weight, at t°G. occupies (1000 + a;) fluid grams « 
(1000 + y) true cubic centimetres. 


+ 0° 

-061 

tr 

+ 1*25 

1 ° 

+ 15° 

+ 0*00 

V 

+ 1*89 

4 

0*78 

1*12 

16 

0*16 

2*04 

8 

0*68 

1*21 

17 

0*30 

2*20 

9 

0*63 

1*27 

18 

0*47 

2*37 

10 

0*56 

1*34 

19 

0*66 

2*55 

11 

0*47 

1*43 

20 

0*85 

2*74 

12 

0*38 

1*52 

21 

1*06 

2*95 

13 

0*27 

1*63 

22 

1*28 

317 

14 

0*14 

1*76 

23 

1*51 

3*39 

15 

0*00 

1*89 

24 

1*75 

3*63 


Preparation of Standard Solutions. 

In fixing upon the degree of concentration for 
a specified standard solution, we may allow 
ourselves considerable latitude. As a rule the 
nature of the volumetric process for which the 
solution is to be used may be left out of account ; 
all we need look to is that the probable inherent 
error of the method corresponds to a distinctly 
visible difference of level in the burette ; say to 
0*1 or 0*2 c.c. according to the size of the ‘ c.c.’ 
With methods possessing a very high degree of 
inherent precision this rule would lead to an 
inconveniently dilute reagent. In such (rare) 
cases we help ourselves by supplementing a 
moderately dilute standard solution with a 
decimal solution, metkoing a solution prepared by 
diluting the reagent proper with water lo 10 times 
its volume. 4!he decimal solution serves only 
to finish the titration which has already been 
almost completed by means of the standard 
solution proper. This system of course is a 
mere delusion unless the stronger solution be 


me^siirad with at least tO times the precision 
attained with the decimal one. 

The strength of any given solution should be 
so defined as to reduce the subsequent calcu- 
lations to their highest degree of simplicity. 
Supposing, for instance, wo have to deal with 
a standard sulphuric acid intended for the 
measurement of alkalis ; evidently it would not 
be expedient to note down the number, 7i, of 
grams (or mgms.) of H^S 04 or SOj which is 
contained in each litre (or o.o.) of the reagent. 
As the number when calculated into KHO, 
NallO, NaXOj, &c. has always to be divided by 
S04H.,(=98) or by JH 2 S 04 ( = 49), it is obviously 

better to calculate the value = t (as a decimal) 

and put down this t as the strength of the 
solution. Were the solution intended exclu- 
sively for the determination of soda, to be 
reported as Na^O, it would be still better to 

calculate tho value of ^ ^ =3 r', and note 

down the weight t' (of sodium monoxide) as the 
strength of tho reagent. 

For the standardisation of a specified solu- 
tion wo have in general the clioice between two 
methods ; (1) a quantitatively exact synthesis ; 
(2) an approximate synthesis, followed by an 
exact analysis. The first method may assume 
one of two forms ; we either weigh out exactly 
80 much of the pure reagent, dissolve it in 
water, and dilute to, say, 1 litre ; or else (if the 
pure reagent is not itself at hand) we analyse, 
say, a strong solution of the pure or impure 
reagent, by means of some very exact method, 
and synthesise directly on the basis of thia 
determination. In regard to tho second method, 
the first step of course is to procure an api>roxi- 
mately correct solution. For example, let ua 
assume we wish to prepare a standard hydro- 
chloric acid containing exactly HCl = 36*5 grama 
per litre. An apology for such a solution might 
be obtained from the ordinary (pure) labora- 
tory acid, by determining its specific gravity, 
deducing the percentage, and synthesising on 
the basis thus gained. In all such cases it is 
expedient to so allow for the uncertainty in the 
assumed percentage that the solution obtained 
is sure to be stronger than intended. In 
accordance with tho rule, let us assume the 
actual strength, as found by analysis, to be 
p, instead of tho intended strength p ^, and let 
p >jPo» Obviously our ‘ v ’ litres of rea^jClSflnust 

bo diluted to v = ~ to bring the strength down 

from p to Po; the liquid must not be diluted 

with V — 1) =!:■ litres of water, because the 
Po 

two liquids when mixed would contract, and 
a little more than w litre, say {l + t) w litre, of 
water would be necessary to bring up the volume 
to the intended value, v. In practice, however, 
largo volumes (such as we assume our v and ▼ 
to be) cannot be measured with adequate pre- 
cision, so that the second (theoretically faulty) 
method is generally the better of the two. It 
certainly is the better if the required oorreotion 

is only small; if for instance — 1) is some- 
J?o 

thing like 0*03 or less. In such a case, if only 
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w w e^oaUM k nMaaored koontatelr, tha 
•Wffootod Bolution will be as Dear the intended 
length, as the given solution was near its 
strength p. 

As an example, let ua take^ 1 « 0*03; 

V« 10 litres ; = ± 0*5 litre (which is a liberal 

allowance) ; and we have 

?£. = «£^00016. 

JPo i? 

Even in such a case it is dnly prudent again 
to ^alyse the corrected solution, to see that 
no blunder has been made. Supposing (to 
return to the example) the number p had been 
toe result of three well-agreeing analyses, the 
intended value for p^ had been 37*00, and the 
analysis of the corrected solution had given for 
^ the value 36*84 ; the most probable value for 
toe actual strength would be (3 x 37*0 + 36*84) -j-4. 

Turning back, let us now assume p.>p. In 
this case our v litres of solution should be reduced 
to^t? litres, by elimination of (1 + e) (1 ~ £) « » 

* (1 + •) w ’ litres of water. Even where e^pora- 
tion would be permissible, it is better to com- 
pensate for the surplus water by addition of 
toe substance which served to make the solu- 
tion. Supposing we had used s grams of sub- 
Btance for every 1 litre of reagent produced. 

Clearly ^8 = 8^ grams is what ought to have 

^en taken One way then is to prepare some (say 
i litre) of the solution by moans of the corrected 
method and to determine its specific gravity 
tous° reduce to weight; 

mre of solution (p,) . . . « 1000 ir, grms. 
Weight of substance in it . . « s 
Hence weight of the water . . »i looo v -5 
Or every gram of water requires * * 

grms. of substance to be 


1000 

converted into solution of the intended strength 
Po ; jience our t; x (1 - «) ^4, x iHog. of water require 
^ substance. All that we 

need for the calculation of (1 + ,)w is the specific 
gravity v of the uncorrected solution. Obviously 

(l + e)M; = 1000(ir~^T„) grams. In practice, 

trnS'"’ u ““‘■“V advisable to go to all this 
trouWj, It IS easy by some short cut (based 
on the aTJove) to name a number of grams of 
substance which if added to one litre of solo- 
tion would bring up the strength to a little above 
Po. Suppose the mcrease of volume involved in 
Sr ia lees than, 

right, we calculate the correct mass of substance 
lor 1 + y litres, which is (1 + y) Is *, weigh out 

what this mass is more than the s grams 
resent, m each Utre, add this to each iUre ot 
solution as given, and dilute to 1+y litre by 
addition of water. If „ differs much from p 

tion ^ slightly over-correct the sofe 

bon, to determine the exact value, rf, which the 

es iitendod) to 

correct tee strength, by dilution, as explained 
above. U , IS only » little lees thab C to- 


tended Talus y)* we may saieiy assome the sur- 
plus water per litre to be 1— £. litre, and add 

the exact weight, », of subSanoo, which by 
calculation converts the small quantity of watw 
into correct solution. The result (in the absence 
of blunders) will be quite correct even if ® was 
only approximately measured, because a very 
small volume of water added or withdrawn from 
the total of v litres would make the solution 
absolutely correct (apart from the error in p 
of course). One point remains to be considered. 
Supposing the strength of a solution at degrees 
IS Po, what is the strength p, at t, degrees ? It 
would not do to calculate the correction from 
the expansion of pure water from to because 
all standard solutions expand more largely than 
pure water does. A correct method is to deter- 
mine the specific gravity (say the weight con- 
tained m a narrow-necked 100 c.o. flask) of the 
solution at degrees and at degrees. Sup- 
posing the weight of it is » at and at f., 
we have p^ = ![ip„. 

This correction of course is indicated only in 
the case of very exact methods. But in their case 
it IS best altogether to eliminate the uncertainties 
of volume-measurement by effecting the final 
standardisation by volume and by weight at the 
same time ; by determining for instance at the 
same time the weight in grams and the volume 
m C.0.S of the quantity of standard nitrate of 
silver which is required for the exact ppn. of 

iOO chloride of potassium. 


This need not hinder one in so adjusting the 
solution that the quantity referred to may for 
all ordinary purposes bo assumed to bo equal to 
100 c.c. For the purpose of a highly exact deter- 
mination, the bulk of reagent (e.gr. AgNO^ solu- 
tion) required, after having been measured out, 
is weighed into the (chloride) solution to be 
analysed, and the small excess of substance or 
reagent left is determined by volumetric titra- 
tion with decimal solutions.’ 

• adjustment of an analytically standard- 
ised solution to an exact pro-determined 
strength is advisable only if the solution is 
permanent, and is meant to bo used very fre- 
quently, otherwise it is better to note down the 
strehgth as it is, and calculate from it. A solu- 
tion known to contain 1*023 x IICl grains per 
litre 18 almost as convenient as one containing 
1 X HCl exactly. Because for one or tivo analyses 
we can well afford to calculate, say, the product 

1*023 X — and for a very long series of such 

determinations the value may be calculated onoo 
for all and |ioted on the label. 

On the Theory of Titration. 

Let A and b be two chemical species, which* 
when their solutions are mixed together, com- 
bine with, or decompose, each other in some 
definite manner. Is the reaction available for 
the mutual volumetric measurement of a and n, 
or (let us rather say) for the measurement of a 

CompoH/ion p/ 
Challengwr’ Memoln, page 4: alio hb 
Ex9txUe$ in Analptfs, section on Sn-teadtr, 
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B ? It mo^ be if, tind^ easily realisable con- 
ditions, it proceeds rapidly, and, if it is possible 
under these conditions to recognise the point of 
$aturation with sufficient sharpness, i.e. the 
point from which onwards an additional drop of 
B-solution does not produce a recognisable 
change. In some cases the point of saturation 
defines itself naturally by coinciding with some 
sudden visible change, e.g. a change of colour. 
It docs so, for instance, if the reaction is a double 
decomposition, a + b = c + d (where a, b, c, d, 
stand for definite relative quantities of the re- 
agents A or B, and the products o and d respec- 
tively), and if A (or b) is intensely coloured, 
while B, c, and d (or a, c, and d) are relatively 
colourless, or at least do not hinder the observa- 
tion of the colour of the last remnant of a, or a 
slight excess of b. 

Examples : 1, Oxidation of ferrous salt (a), 
by permanganate (b), with formation of ferric 
salt (c), and manganous salt (d). — 2. Decolourisa- 
tion of the intensely blue solution of cupric- 
ammonium salt (a), by the reducing action of 
(standard) cyanide of potassium (b), with for- 
mation of colourless double cyanide of copper 
and alkali metal (c), and cyanate and other salts 
of alkali (d). 

Sometimes when such colour-changes do not 
occur, they may be produced by addition to the 
solution to bo titrated of a suitable indicator. 
Thus : 1. Litmus solution may serve as an in- 
dicator in the volumetric neutralisation of acid 
by alkali (or vice versA),—^. Iron-alum may 
serve as an indicator in the determination of 
silver (salt) by added sulphocyanide of ammo- 
nium, the red colour of Fe(NCS )3 becomes 
permanent only when all the silver has been 
ppd. as AgNCS, and a slight excess of sulpho- 
cyanido has been added. The indicator in this 
case would evidently be of no use if it were not 
the case that F(?.(NCS) 3 , which is produced 
locally from the first, is decomposed as readily 
and in the same way by silver salt as the alka- 
line sulphocyanide is. A similar remark applies 
to indicators generally. If an indicator, while 
otherwise trustworthy, fails only to fulfil the 
condition stated above, it may still be available 
in the sense that, instead of adding it to the 
* A ’-solution from the first, we may apply a 
little of it to drops of the mixture taken out at 
suitable stages in the process of the reaction. 
Thus, for instance, in the titration of phosphate 
(a), by uranic acetate (b), prussiate of potash 
may serve as a drop-reagent, because, al- 
though unavailable as an indicator proper, if 
added to a drop of the mixture it produces the 
red-brown colour of ferrocyanide of uranium 
only if the uranium is present as (an excess of) 
acetate ; the uranic phosphate is not decomposed 
by the prussiate. Tlie action of an indicator 
need not necessarily consist of a colour-reaction ; 
a ppn. if sufficiently delicate, is as good in piin- 
oiple, though not as a rule in practice because 
the locally-formed characteristic pp. will not 
ffisappear so readily on stirring up as the colour 
of a dissolved product would. • 

If the reaction is a steadily progressing ppn. 
of the essential radicle a in a by b, the end of 
the reaction of course coincides with the com- 
pletion of the ppn., the point when (sup- 
posing B tol^ added in successive drops) the last 


remnant of a has Jast been thrown down by the 
nth drop of b, so that the (» + l)8t drop fails to 
give a turbidity. For such reactions we need no 
indicator or drop -test, although such may be 
very convenient. 

As soon as we have found some means for 
recognising the end-point in our reaction with 
sufficient sharpness, we can decide the question 
as to its availability by preparing standard solu- 
tions of A and B respectively, and determining 
the ratio a : h corresponding to the end-point 
under a sufficient variety of conditions. In a 
first scries we work with the plain solution, 
but take care in one set of trials to begin with a 
and drop in b until the reaction is apparently 
completed; and in another set of trials we begin 
with B, pour in a slight excess of a, and then 
finish with b; this is done in order to see 
whether the ratio axb is independent of the 
mode of mixing. In a second scries, we add 
known, but varying, proportions of water. In a 
third series we add more or less ^but always a 
known weight (x) of this or that body x which 
in the practical application of the method would 
be likely (if not sure) to bo present, &c. From 
Series I. and II. we easily calculate the small 
excess of reagent b which must be added, per 
F c.c. of total mixture at the end, to produce a 
visible end-reaction. We then calculate for 

each trial the value k = and see 

whether there is a practically sufficient and 
available area of experimental conditions within 
which the ratio a : b has a constant value. Or, 
what comes to the same thing, we take the mean 
of all the Ks (let it bo =Ko), and see whether 
the values of Vb as calculated by the equation 
V6 = KoVo-i- iSF agree sufficiently with tno di- 
rectly observed values. Should this not be the 
case, the process need not necessarily bo given 
up as hopeless ; it may still remain worth while 
to see whether agreement between theory and 
practice cannot be established by adding a term 
cx to the right side of the equation, where x 
stands for the weight of some subsidiary com- 
ponent X, and c is a positive or negative 
constant, whose value must of course be ex- 
perimentally ascertained. In such cases, how- 
ever, it is better to leave the chemical 
significance of k^, jS, and c, entirely on one side, 
and to calculate them as so many empirical 
coefficients from the sum-total of the results. A 
formula thus obtained is of course of uo prac- 
tical value unless and c are so small that an 
approximate determination of r and x suffices 
for an exact calculation of the respective terms. 
As an illustration we may quote Liebig’s method 
for the determination of urea (a), in presence of 
chloride of sodium (x), by means of standard 
mercuric nitrate (u) as a pptnt. of the urea, and 
carbonate of soda as a drop-test for excess of 
pptnt. The exact volume V/, of mercuric nitrate 
solution (i.e. weight of HgO) to reach the end- 
point for a given weight (a) of urea, varies with 
the dilution, f, and the weight x of salt present; 
but Vb is ’ in sufficient accordance with equation 
Vb^ak + ISF + cx, whose constants have been 
determined (virtually) by Liebig. 

Nothing said so far is based on the preeumptioo 

1 0r at least is tnpposed toba. 





iOMti the exact ohemiosl theory for the reaction 
between b and k is known. There are indeed 
a number of useful Tolumetrio processes which 
arebased upon unexplained, or only half -explained, 
chemical reactions. Eehling’s method for the 
determination of glucose affords an illustration. 
If a dilute solution of glucose is dropped into a 
hot, strongly alkaline, solution of tartrate of 
copper (CuO) and potash, the CuO is reduced to 
•fa pp. of) Cu^O, the blue colour of the solution 
aisappears, and the sugar suffers some unknown 
kind of oxidation. Yet the ratio between (say) : 
dextrose oxidised and copper-oxide reduced, | 
under specified conditions, is fairly constant, 
and the reaction is accordingly available for a 
fairly exact method for the determination of 
dextrose. 

The well-known process of Clark for the 
determination of the hardness of a water by 
means of standard soap might be quoted as 
another example. But such purely empirical 
processes, however useful they may be for this 
or that practical purpose, are of little import- 
Ahce as auxiliaries of exact analysis, which 
demands of a titration-process in the first 
instance that in any given case the question of 
its applicability can be decided a priori with 
at least a high degree of (if not with perfect) 
(Certainty. And this is possible only if the 
process is based on a definite chemical equa- 
tion which gives a qualitatively and quantita- 
tively exact account of what is going on. 

From the fact, however, that some equation, 

+ is in itself a correct theory of tho 
action of a on b as resulting in the products 
c and D, it does not follow that tho equation is 
a sufficient theory of the corresponding process 
•of titration. Because experience shows that, 
in general, ready-made c and n when mixed 
together produce a and b in accordance with 
the inverse equation c + d = a + b. Hence 
supposing we start with a parts of a and add 
more and more of b, the etid reaction is readied 
only when a part (say qa) of a is transformed 
at the expense of qb parts of b, while (1 - q) 
times fa •+ 6) are still present in their original 
condition. Generally, q ia a continuous 
fu.iction of the experimental variants (state 
of dilution, temperature, &c.), and the transla- 
tability of the reaction into a titrimctric process 
^lepends on the possibility of finding a suilicient 
area of conditions within which q is, at least 
liraikkicjly, equal to unity. 

If one of the products (c and d) separates 
out as an absolutely insoluole pp., or escapes 
as a gas, the reverse reaction docs not occur, 
and q becomes equal to unity; the apparent 
«nd-point is the real end-poiA of the reaction. 
Hence we should think that ppris. (we mean 
oases w’here that radicle in a which is really the 
thing to be determined, by uniting with the 
essential radicle in b, separates out as a pp.), 
should be pre-eminently suitable for volumetric 
application. Experience, however, shows that 
the reverse is true. Because in the majority of 
cases the pp. carries down more or less of one 
or other of tho other reagents or products, and 
•go disturbs tho quantitative relations. Very 
often also a considerable excess of pptnt. is re- 
iquired to produce complete ppn. within a reason- 
fi't.ii time. Both difiicuUies (for example) pre- 


gent themselves in the ease 6f that reaction, 
BaX4>S0.B^t>B|X+BaS04, which is so largely 
used for the gravimetric determination of SO4 
and of Ba. The irregularities referred to ' can 
be set right (more or less easily) in the gravi- 
metric application of the reaction; to the 
volumetric application they are absolutely fatal, 
Tho number of ppns., indeed, which afford a 
basis for correct volumetric processes is extremely 
limited. 

Certain classes of double decompositions and 
oxidations, in which reverse reactions are pre- 
vented by the great inherent stability of one of 
the products, are admirably adapted to volu- 
metric processes. To give examples : 

Any strong acid, XH, when mixed pro- 
gressively with a solution of some strong base 
of the type KOH (ex. KHO,NaOH,Ba(OH).,), is 
ultimately converted into normal salt, XB, with 
formation of that highly stable substance water. 
The general reaction is XH + liOH - IIX + HHO, 
and the end-point can in all cases be sharply 
defined by means of a few drops of neutral 
litmus-solution as an indicator. Hence any 
acid (or rather the ‘H’ in any acid) may ba 
accurately measured by means of a standard 
solution of, for instance, caustic potash ; and 
any of the bodies BOH (or rather their ‘ OH ’) 
by means of a standard solution of (say) hydro- 
chloric acid. The latter method applies almost 
directly to the (soluble) carbonates, sulphides, 
cyanides, A'c., of the alkali metals. All the 
carbonates Ac. referred to can be measured 
indirectly by the combined application of the 
two standard solutions ; we add first an excess 
of standard acid, and heat to expel the volatile 
acid (CO^.H^S, Ac.), then colour with litmus, 
and titrate back with standard alkali, till the 
point of neutrality is exactly reached. By sub- 
stituting aurine (in alcoholic solution) for 
litmus, the method becomes available also for 
magnesia (Torno) ; and by using nitric acid as 
the standard XH, we can determine even oxide 
of silver (Dittinar). 

What w'o said of carbonates, Ac., in refer- 
ence to the metallic radicles, B, liolds for the 
ammonium salts of our acids, XH. To determine, 
for instance, HCl or in the presence of 

ammonia (as tho only base), we need only add 
a known excess of standard alkali, expel the 
liberated ammonia by evaporation, then add 
litmus, super-saturate by standard acid, boil off 
the carbonic acid, titrate back with standard 
alkali until tho point of neutrality is exactly 
reached, and balance the equivalents of base 
and acid used as reagents, against each other; 
the balance of buse-ccpiivalents measures the 
acid given for determination. 

That this method of acidimetry applies also 
to oases \^cre the base can be scq)aratcd out 
by excess of standard alkali, as an aoid-froe 
pp., is obvious. Oxide of copper (given as 
CUSO4 or other cupric salt) fulfils this condi- 
tion in the sense at least that the acid ppd. at 
first as part of a basic salt, can be re-extraoted 
by boiling with excess of alkali.* 

• 

' And otlicr Irregularities such as for instance the rarla* 
bility of tiio ratio of sulphur to copper In ppd. sulphide of 
Cupper. 

■ Wo will avail ourselves of this opportunity for 
referring testhe process of fractional flltntlon as la 
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PMS to imother Sample; Theiro is a 
«or^ of redaoing agents b, the elutions of 
which, when mixed with a eolation of iodine in 
iodide of potassium, are oxidised into products 
while the corresponding quantity of free 
io^e passes into iodide. 


For example 

I. S0j + H20 + l2 = 2HI + S0, 
n. aSaOsRa + 1, = 2RI + 

III A8A + 2H,0 + 2L, = 4HI + A8,0, 
IV. Sb^O, f 2H.,0 + 21, = 4HI + Sb,0, 
V. SnCl2 + 2HCl + I, = 2HI + SnCl4 


insolu> 

tion. 


Each of these reactions takes its normal 
course only under certain conditions, which, 
however, in cases I. to IV. at least, are easily 
established. All go on readily in tlio cold ; and 
with all, starch solution is a safe and delicate 
indicator of excess of free iodine. Hence, to 
determine any of our reducers, ii, we bring it 
into solution in the proper manner, add starch 
solution, and then drop in iodino solution from 
the burette until the bluo colour of iodide of 
starch, which appears locally from the first, 
becomes permanent on stirring. Supposing t 
c.c. of iodino solution to have been used, and one 
o.c. of it to contain t x 127 ragms. of free iodine, 
the weight of r is tr (^-SO,, 8,0 ,* IAsA. 
fSb^Oa, ^SnCL), as the case may be. By theory, 
any one of our reducers might servo as a reagent 
for the measurement of free iodino ; in practice 
sulphurous acid and alkaline thiosulpliate work 
best. 

According to Bunsen, sulphurous acid acts 
normally on iodino, if it is diffused through at 
least 3,000 limes its weight of (air-free) water. 
For the determination of free iodino ho uses an 
aqueous sulphurous acid diluted to the extent 
stated, in combinUtion with a standardised 
solution of iodine. The sulphurous acid is 
measured out by means of a glass-stoppered 
cylinder (or a narrow necked flask with one 
mark on the neck) holding some 100-200 c.c. 
To determine an unknown weight {x mgms.) of 
free iodine given as .solution in HI or KI solu- 
tion, wo add the least number n of measures of 
the sulphurous acid water which suffices to 
decolourise the solution, then starch solution, and 
lastly, from tlie burette, standard iodine, until 
the blue colour becomes permanent after addition 
of, lot us say, t c.c. On the other hand, wo 
ascertain the number, of c.c.s of standard 
iodine required for 1 measure-full of the sulphur- 
ous acid. Obviously, nt^,r x 127 = x-t-tTx 127 
(mgms. of 1^). Whence x ^ (nto-t) t x 127. 

So far Bunsen had done no more than trans- 
late an old ])rocess for determining SO.^ into a 
precise method for determining iodine. His 
great merit was to see that, given a method 
for determining free iodine, we have an indirect 
method for the determination of any o< tho large 
number of oxidising agents for which a definite 
proportion of iodino can bo substituted by the 
purely qualitative execution of suitable reactions. 


cases like that referred to. Instead of filtering off tho 
CuO pp., we allow the mixture to cool, dilute to a known 
volume, vc.c., filter throuK'li a dri/ filter, aud illL'asuro off a 
known aliquot psWt uf the liltmte, v c.o., for the titraiion. 
If V is Buflieiontly large, the volume of tho CuO need not 
be taken into acoount; supposing for instance Vs=5U0o.o. 
and the pp. of CuO amounts to 1 gm., tlio error Introduced 
by neglecting its volume amounts certainly to no more 
.than about 0*5 o.c., or 0*001 of the whole. 


I TbiiB} fot' inatasioe, we may determine frr--» 
bromine, iodate BIO|, bromate BBrO,, hypo* 
chlorite BGIO, ozone 0„ by letting the respec- 
tive substance act on excess of iodide of 
potassium solution, acidifying with hydrochloric 
acid, and then titrating the iodine liberated as 
above explained. 

Prom tho respective equations, wo see that 
Bro, or Cl^, or BCIO, or 0„ liberates ; and 
that BIO3 or BBrOj liberates Slj. 

The same principle obviously applies to all 
those peroxides which, when distilled with excess 
of hydrochloric acid, liberate a definite propor- 
tion of chlorine. As examples : MnO.O^ (when 
distilled with HCl) yields x x Clg of free chlorine, 
which when passed into iodide of iiotassium 
solution liberates x x I^ of iodine. Hence for every 


one I mgra. obtained, there was A x (MnO.Ox) 
2x 


mgms. of that peroxide of manganese. And 
similarly (to quote another case which is known 
to work) every CrOj mgm. of chromic trioxide, 
liberating 3 x Cl, ultimately yields 3x1 mgms. of 
iodino ; or, in this case, every 1 x I mgms. cor- 
responds to ^CrO;,, or to ^ x K^Cr^O, if the CrO, 
vras present in this form. It is as well to men- 
tion that what the method in any case really 
determines is, not the respective species, bu. the 
I^-yielding radicle; the active oxygen in tlie 
MnO.Ox, the Cr„03.03, or BCIO ; the O3 in the 
KIO., ; the one 0 in O3, Ac. 

The applicability of the general method, 
however, goes further. As ferrous chloride ia 
readily converted into ferric salt by free chlorine, 
wo can determine an unknown weight of ferrosum 
(ferrous iron) (given as PeCl., FeO, FeS04, &o,) 
by distilling the respective substance with a 
weighed excess of potassium dichromate and 
hydrochloric acid, and collecting the chlorine in 
iodide of pota.ssium, Ac. Supposing we used 
k X K.Cr.p, mgms. of this salt, tho chlorine 
furnished by it is 6 x k x Cl nigins., and, if the 
iodine obtained at the end was (Hfo“<)xTxI 
mgms., then O/v x Cl - («/„ — f)TCl must have 
been used by tlie FeCl,, and consequently, 
{G/c — (n^„ — f)T| X (Fe = 50 mgms.) of ferrosum 
must have been present in tho substance 
analysed. * 

Strictly .sjieaking, all volumetric methods are 
empirical methods, in this sense, that the^^nda- 
mental chemical equation is only an approximate 
theory of the process. Hence, unless wjg arc 
sure that tho error in the equation, con sidSredaa 
a theory of titration, is less than the unavoid- 
able error involved in the operations, to attain 
tho highest possible degree of precision we 
must standard iii our measuring reagent (if 
possible) by means of a known weight of the 
very thing (or rauiole) to be determined, and 
both in the standardisation and tho analyses wc 
must maiiilaiu as nearly as possible the same 
conditions. To illustrate this, let us assume w^ 
had to analyse a scries of alkaline carbonates by 
means of a standard hydrochloric acid. Bpn. of 
a known volume of tlie reagent by nitrate of 
silver, and wcigliing the pp. of AgCl (or the 
corresponding process of titration) would no 
doubt give the most exact result for tho number 
of mgms. of HCl contained in 1 c.c. of the reagent 
Yet it is better in our case to standardise tlif 





odd bj means of a known weight of pnre 
carbonate of soda', altiiough this method, as one 
for the determination of HOI, could not for a 
moment be compared with either silver process 
in point of inherent precision. 

In now passing from generalities to the con- 
sideration of individual methods, we shall 
confine ourselves in the main to those methods 
which are applicable to whole classes of bodies. 
Under the head of each wo shall briefly state 
what applies to it as a general method, h’or 
special applications of these methods, as for 
special methods generally, also in regard to 
technicalities, we must refer to the special hand- 
books.' 

1 . Methods based on double decom- 
positions. 

Theoretically these processes are founded on | 
equations of the form 

ax-bby = ab + xy 
A, B, 0, n, 

where a and b are the constant radicles charac- 
teristic of the process. Here we have to dis- 
tinguish between two cases ; — I. o and jd reinain 
dissolved. Only a very few processes fall into 
this group. As an example, we may quote 
Liebig’s process for the titration of NCH by 
neutral nitrate of silver. Large excess of potash 
is added, the liquid is diluted largely, and, after 
addition of a little NaCl as indicator, stan- 
dard AgNOj (neutral) is dropped in until the 
cloud of AgCl becomes permanent, showing that 
the reaction 2KNC + AgNOj « KAg(NC)2 + KNO,, 
has been just completed. II. The characteristic 
product o = ab comes down as a pp. Of these 
numerous processes, only those need now bo 
noticed in which, on account of the absence of 
an end-reaction, and of a suitable indicator, the 
end-point cannot be recognised otherwise than 
by proving quite directly that the ppn. has just 
reached its end. If the pp. settles readily, this 
can be done with comparative ease— in an 
obvious manner; but easily settling pps. are 
exceptional. It is more generally practicable to 
get the pp. to settle so far that it is possible to 
draw off a few drops of the clear top-stratum, 
and to examine them on a watch-glass by addi- 
tion of a drop of b, or of a solution of a, or of 
any delicate reagent for a or b. If this method 
does not work, the only course left is, from time 
to time, to take out a little of the mixture, filter 
it paper, and examine the filtrate. 

One way of doing this is to put a drop of the 
fluid on a small double filter-paper, and to ex- 
amine the lower filter by means of some reagent 
which strikes an intense colour with a or b as the 
case maybe. But such colour-ikists are not always 
available, so that ordinary filtration must gene- 
rally be resorted to. Each such filtration of course 
means a loss of a, and consequently ought to be 
done with a measured aliquot part of the whole, 
to enable one to allow for the loss by calculation. 
This, however, is apt to lead to errors ; in prac- 
tice it is better in the first trial to neglect the 
error, and in a second and third practically 

‘ Mohr’s Lchrhuch dor ehemische-iimlyliscJten Titrirme- 
thode; 2, Fleischer, Dio TitHrmethode ; 3, Plowcher, Dte 
TUrirmdhode, KuKlish edition Volumetric Analysis, tiuns- 
Iftted by M. M. Piittlson Muir ; 4, Button, Votumetrie 
Analysis; i, Fraseniu^, Qwinlitativs Analysis. 


to avoid It by vmj a raw tmiea near the 

end of the process, when the amount of on* 
ppd. A has become very small. In any case it is 
convenient to have a standard solution of some 
reagent, ax', by means of which to retrace one's 
steps if an excess of pptnt. has been added. This 
auxiliary solution is best adjusted so that it pps. 
exactly its own volume of b. The method of 
procedure then assumes this form We add b, 
finally in small instalments of, say, 4 c.c. each, 
until by the last instalment the end-point has 
been over-stepped ; we then go back with A-solu- 
tion, adding it in instalments of 2 c.c., until 
this reagent is in excess ; we then again apply B 
in portions of 1 c.c., Ac., until we come to know 
that, 8a> , v 0.0. of b is too little, while v + 0*2 c.c. 
is an excess ; or that (v-f 0*1 c.c.) ± 0*1 c.c. may 
be adopted as the final result. 

Of the vast number of precipitation-analyses 
which have been invented, only those founded 
upon mutual decomposition of solutions of 
Silver salts and haloids occupy the rank 
of precise methods. If (dissolved) chloride and 
(dissolved) silver-salt meet in a neutral or acid 
solution the whole of the potential chloride of 
silver is formed, and comes down as a pp. as 
demanded by the equation, 

KCl -f- AgNO, = AgCl + ENO3. 

Upon this, and the fact that the AgCl (if suffi- 
ciently abundant) readily unites on shaking into 
a quickly settling pp., Gay-Lussac long ago 
founded his famous process for the determina- 
tion of silver by standard NaOl solution, which 
process is directly translatable into an equally 
exact process for the determination of chloride by 
standard silver. The equation, however, is not 
an absolutely correct theory of either process. 
Gay-Lussac observed that if ^he silver nitrate and 
the .sodium chloride are exactly balanced against 
each other, the clarified mixture gives a distinct 
cloud with either reagent. Hence to exactly 
complete the ppn. of (say) AgNOg mgms. by salt, 
we must add, not NaCl, but a trifie more, call it 
(1 -I- a)NaCl mgms. And similarly, the complete 
ppn. of NaCl mgms. demands (l + /3)AgNO, 
mgms. The exact values of a and jS vary with 
the experimental conditions, and are not sus- 
ceptible of separate determination. Hence to 
determine an unknown weight, a; x Ag mgms. of 
silver (if we do not care to neglect the correcting 
factors), all we can do is : (1) to add standard 
chloride solution— at last in very small instal- 
ments, corresponding to say 0 02 mgms. of silver 
each— until the ppn. is exactly completed by, 
say, nxBCl mgms. as calculated from the 
strength of the solution, and the quantity used. 
Wc then (2) titrate back with (very dilute) stan- 
dard silver until the last drop no longer gives 
a cloud of AgCl, which will take, say, • x Ag 
mgms. The mixture now is (practically) in the 
same condition as if no silver had been added 
but the chloride diminished by ex RCl mgms. 

Obviously the truth lies between x^n and 

oj-w-e, and we may say 

2 2 

Or, toi put it somewhat differently ; we have 
2x-2?i+ (J3 -a)n-e . . ^ , . 1 . 

and 0 = n(.8 + a)-e II, 

If wo knew that a» j9, we should have » « w- * 
exactly. • 
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According to Siulder» il the fUver, oclonUted 
aa metal, amounts to about 1 gram, and is 
diffused throughout some 120 to 160 o.o. of 
mixture (« + /3) = O’OOl, about.* The explanation 
given in regard to chlorides holds substantially 
for bromides, iodides, cyanides (NCR) ; sulpho- 
cyanides (perhaps also for cobaltooyanides, and 
some other metal lo-cyanides) ; in the case of 
bromides, however, the numbers a and /3 aro 
practically equal to 7 iil (Stas), Agllr being even 
more insoluble in HNO3 and KNO3 &c. solu- 
tions than AgCl is ; hence we may surmise that 
the (a + /8) for iodide is still nearer to nothing. 
The cases of NG.li and NCS.R have not been 
investigated in this sense. Presumably the 
{a + iS) for cyanido is greater than, and that for | 
(NCS)R is about equal to, the value for chlo- | 
rides. 

Given (let us say) an alloy for which the 
percentage of silver is approximately known (say 
to db 0*5 p.c.) ; the exact determination of the 
noble metal by titration with standard chloride 
{e.g. NaCl) solution offers no difficulty ; but with 
an alloy &c, of utterly unknown composition 
the process even in practised hands is apt to be 
tedious. Practical assayers, indeed, never apply 
Gay-Lussac’s method without having first made 
a preliminary assay by the old method of oupel- 
lation. Volhard, some years ago, invented a 
modification of Gay-Lussac’s method, which, 
with a small number of samples at least, is 
quicker even than cupcllation, and, in all cases, 
is more accurate. He dissolves a known weight 
(equal to presumably 0*5 grm. of silver) in nitric 
acid, dilutes moderately, boils off all the N.p.,, 
adds 5 c.c. of saturated iron-alum solution, and 
then drops in standard sulphocyanide of potas- 
sium (or ammonium) until the red colour of 
Fe(NCS)3 becomes permanent. (The largo quan- 
tity of indicator prescribed is necessary, or else 
the end-reaction lacks delicacy.) For the deter- 
mination of chlorine (given as RCl), Volhard 
pps. the chlorine first by an excess of standard 
silver, he then adds iron-alum, and (without re- 
moving the AgCP) titrates back with KNCSAq 
until the end-point is reached. 1 

A very handy (but less exact and less widely j 
applicable) method, introduced by Mohr, may j 
here be referred to. He brings the chloride into 
neutral or very feebly alkaline solution, and, after 
adding a few drops of yellow chromate of potas- 
sium, titrates with neutral silver nitrate until 
the red colour of the Ag.jCr04 becomes perma- 
nent. The method, if used as an empirical one, 
gives very good results. 

Standabd Substances and Solutions. 

1. Standard silver. — Best prepared by Stas’s* 
process (precipitation of a cupriferous ara- 
moniacal solution of nitrate by added alkaline 
ammonium sulphite). The ppd. metal, after 
having been washed, first with ammonia in the 

* Our impression Is that Mulder ovor-ostiinatccl the 
Vulue. 

* The writer finds that high precision can bo reached 
only by i-emoving the AgOl pp. before titrating book with 
KNCS. (See Dittmar’s Report on the Composiion of Ocean 
\Yatei\ p. 4. 0|^illlengcr ’ Memoirs.] Also his ExereiKt 
in QuantUativo Analy$U, seotion on Sea-vater.) 

* R-cherches sur lea rapports 7'iciproqiu’s des poida ato- 
miquea (Bruxelles, I860) ; and Nourdlea Reeherchrs, &o, 
(Bruxelles, 1865), or German translation of both works 
Arouateiu (Lelyeig, 1867). 


prssen^ of air, then with water, is heated to red- 
ness, when it becomes semi-oompact. It is then 
broken up in a mortar into granules, again 
heated, and preserved in this form. There is no 
need of going to the trouble of fusing the metal, 
provided it is proved to bo free from every trace 
of chloride. 

2. Stafidard chloride. — Pure chloride of 
sodium is universally recommended. The 
wi*iter prefers pure KCl prepared by strongly 
heating re-crystallised perchlorate. The per- 
chlorate is deoxygenated as far as convenient ia 
a platinum basin, and then fully by fusion in 
a platinum cruoible. The fused salt is quite 
neutral ; yet for very precise work it is perhaps 
better to dissolve the fused salt in water, add 
hydrochloric acid, evaporate to dryness (in pla- 
tinum), and keep the residue at a temperature 
just short of the fusing point until the weight ia 
constant. 

5. Standard solutions of 1 and 2. — Both can 
be standardised synthetically, on the basis of 
Stas’ atomic weights; for general purposes 

^ and grms. per litre are convenient 

strengths. For exact work the solutions are 
combined with centinormal solutions, containing 

M and per litre. 


4. Pure bromide of potassium^ and standard 
KBr 

solution (-j^grms. per litre) of the same for 


very precise determinations of silver. Regarding 
the preparation of the pure salt, see Stas’s 
Memoir. 

6 . Standard sulphocya^iide. — About A 
NCS.NH4 grms. of the pure (chlorine-free) 
ammonium salt is dissolved to 1 litre, and the 
exact strength is determined empirically by 
means of a known weight of silver dissolved as 
nitrate. 


11. Methods based on aaturatiom, 
that is, reactions of the type 

XH + ROH = HOn + XR; 
regarding these, wo have little to add to what 
was given under Theory of Titration {q. v.). For 
XH = NO3H, ISO4H.,, C1H,HC10 , , and other strong 
acids (including oxalic and foniiic) on the one 
hand, and lt = K,Na, generally, and for 
R = ^ (Ba, Sr, Ca) as long as no insoluble salt is 
produced, on the other, the equation is a strictly 
correct theory of the process. For phosphoric 
acid, HX must be taken as rei>7‘^^^ng 
^H2(Hr04), RHO being an alkali, bub even 
then the results are not very constant. For 
weaker acids, such as acetic, butyric, Ac., the 
method is purely c .npirical. An aj)proximation 
to a standard acetic acid is obtained by measuring 
off a known volume' of standard sulphuric acid, 
and adding say two equivalents of perfectly 
neutral acetate of soda. In determinations of 
ammonia it is as well not to assume that NH^OH 
is an absolutely exact equivalent for KOH or 
NaOH. 


Standard Substances and Solutions. 

1. Pure carbonate of sodium, as a general 
standard alkali. Prepared from pure bicarbonate 
(recrystallised as such) by strongly heating ia 
platiaum. The salt must not be fused for da* 



hydniuviHi w ww » lOfses 
ootftin ft really porot imd especially 6 potash^ 
it^i salt, the best method is to add pure oxalic 
acid to a decided excess of solution of the purest 
obtainable carbonate of soda, to collect the pp. 
of CjO^Naj formed, to wash it by displacement 
and to reduce it to Na^COa by heating strongly 
(W.D.). 

2 . Oxalic acid^ 0211.04 + 21120, recom- 
mended by Mohr as a general standard acid. 
Bee that the preparation is free from fixed matter 
(e.ff. potassium salts). If not, recrystallise it 
from hot 10 p.c. HCl, repeatedly, and lastly from 
water (Stolba). The carefully air-dried crystals 
have the correct composition. We prefer a hydro- 
chloric acid, standardised by silver, for general 
purposes. 

3 . Solution of standard acid. — Sulphuric 
works best for alkalis; hydrochloric is prefer- 
able for general purposes. The latter may be 
standardised by means of silver; either acid 
by means of a known weight of carbonate of 
soda,' with standard alkali as an auxiliary re- 
agent. Thorpe recommends for the standardisa- 
tion of SO4H2, to add a known (excessive) weight 
of Na-^COj, to evaporate to dryness, heat, and 
weigh the residue. As every Na^COa grms. in 
passinginto NaoS04, gains (SO4 - C63)grms., every 

1 grm. of gain of weight corresponds to — - - ^ 

h 04 — GOa 

grms. of sulphuric anhydride. (I have tested 
this method, and found it to give very good re- 
Bults.—W. D.) 

4 . Solution of stamlard aZ/.'(zZi. — Caustic 
potash or caustic soda for general purposes. 
The reagent must be as free as possible from 
carbonate. The preparation known as pofu,s 7 i 
mirijicd by alcohol almost fulfils this condition. 
The best method is to causticise an almost 
carbonic acid free (dilute) ley with a slight 
excess of baryta in a nickel vessel ; allow to 
settle, and preserve in a bottle provided with a 
protection-tube filled with granulated soda-lime, 
or baryta, Ba(0H)2. The trace of dissolved 
BaO disposes of traces of CO2 that find their 
way into the reagent while being preserved. 
^BOH grms. per litre is a convenient strength. 
It is standardised empirically against measured 
standard acid. 

5 . Standard baryta water containing about 
iBa(0H)2 grms. per litre is used for special pur- 
poses, e.g. determination of free or liberated 
r.CL^ stronger reagent is apt to deposit crys- 
tals in cold weather. It is standardised em- 
pirically against standard hydrochloric acid. In 
the absence of sulphates, baryta water is the 
best standard alkali for all purposes. 

III. Methods based upon processes of 
oxidation and reduction, 

(As illustrated in Theory of Titration^ by 
reference to Bunsen’s methods.) 

I. Iodine (solution of I in KI) as oxidant 
is available for the measurement of the follow- 
ing reducers 

1 . Dissolved sulphurous acid acts normally 
under the conditions stated under Theory of 
Titration. 

* Ppn. with BaOl, and weighing the BaSO^ la not a 

exact method for the Btandardisation of a ittlphoric 


2. 3>issohid 

absence of exeess of aikftli ; even carbonate Is 
not permissible) sots normally at any state of 
concentration which one could reasonably 
employ. In the presence of acid the reaction 
takes its normal course only if the solution is 
sufficiently diluted, and the HoS.Oj has no time 
to decompose spontaneously. In practice, how- 
ever, this spontaneous decomposition is out of 
court, because, in all cases in which free acid is 
present, it forms part of the iodine solution, and 
the thiosulphate plays the part of reagent, so 
that the S2O3H2 liberated passes at once into 
S40aH2, which is sufficiently stable. Free sul- 
phurio acid in any quantity must be avoided 
(v. supra) ; free hydrochloric acid in moderate 
quantity does no harm, if the given iodine solu- 
tion is diluted to about of the strength of 
the customary standard solution. 

3 . Alkaline arsenite. The reaction proceeds 
(not as promptly as those of 1 and 2, but) in a 
fair degree normally, provided there is enough of 
pure carbonate or bicarbonate of alkali to keep 
up an alkaline reaction to the end (Mohr). The 
best auxiliary alkali to add is sesqui-carbonate of 
ammonia; it docs not decolourise iodide of starch, 
to anything like the (slight) extent to which 
Na2C03 does (Mohr ; later communication). 

4 . Alkaline aniimonitc, or rather SbaO, 
given as tartar emetic or in similar forms, is 
oxidised by iodine just as As.Os is (Mohr). 
Kesults fair. 

5 . Statmous chloride. Tlio execution of the 
process (SnClj + 2 IICI + L - 211 1 + S11CI4) offers 
no difficulty, and added starcli solution defines 
the end-point sharply ; but the results are very 
variable and inexact. 

G. Sulphuretted hydrogen II, S (in much air- 
free water) with iodine beads substantially 
thus :--l2 + 1128 = 2111 + 8. Results are only 
approximate, yet the method is of some value 
for determining small quantities of H.B in much 
water. 

II. Iodine in combination with reducers 

for general purposes. 

Only the combinations L and 112803, and I, 
and Na2S203 are used now-a-days. Discussion 
anticipated in section on Theory of Titration. 

III. Permanganate of potassium, as an 

. oxidant, 

measures the following reducers directly, and in 
all cases the intense colour of the reagent marks 
the end-point with great sharpness. 

1 . Ferrosum. A dilute, strongly acid, solution 
of ferrous sulphate, when titrated with solution 
of permanganate, is promptly oxidised into 
ferric salt with formation of MnO-salt from the 
reagent (Marguerite). 

Conditions of success a, large dilution ; 1 
litre of solution should contain at most 1 gram 
of metallic iron ; 6, a sufficiency of free sulphuric 
acid, more than the equation demands, or else 
MnOg may separate out as a pp. ; c, absence of 
liydrochloric acid (and chlorides generally), or 
else part’ of the reagent is reduced by it with 
formation of CI2. According fo Zimmerman, 
however, this by-reaction can be prevented by 
addition of manganous sulphate to the ferrosum 
solution, i grams of the salt MnSOi + ^HA 
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luffioe per 60 ao. of 20 p.o. HCl used fof die- 
solving the respeotive iron compound. 

Iron given as ferric salt may be reduced to 
ferrous salt, by (1) treatment with H.S ; (2) pro- 
longed treatment in a worm solution with Na^SO, 
and HCl (works better with chloride than with 
sulphate solution) — in either case the excess of 
reducer must of course bo expelled by ebullition 
—•(3) zinc and acid ; handy, but not so trust- 
worthy as (1) or (2). 

2. Oxalic acUl. A strongly sulphuric solu- 
tion of this acid is oxidised by the reagent into 
carbon dioxide and water (Hempcl). The re- 
action at first proceeds very sluggishly, but 
then more and more promptly, as the quantity 
of MnSO^ produced increases. Hence the ex- 
pediency of adding MnSO^ from the first (Do 
Koninck). Whether hydrochloric acid interferes 
with this reaction as with the preceding one 
(whether, for instance, it is permissible to dis- 
solve oxalate of lime given for the determina- 
tion of its oxalic acid in hydrochloric acid before 
titrating) has not yet been determined. 

3. Arsenious acid. Arsenious acid in strongly 
hydrochloric solutions is oxidised by permanga- 
nate into arsenic acid, but part of the manganese 
separates out as MnO.^ (Kessler). 

4. Antimonious acid as SbCl^, in a solution 
which contains not less than 1-2 volumes of 
hydrochloric acid for 5 of water, is readily and 
completely oxidised into Sb.Pj. The reaction is 
available quantitatively. [(3) and (4), Kessler, 
J. 1803. 083)]. 

5. Sulphuroiis acid is readily oxidised into 
sulphuric ; not investigated quantitatively, as far 
as we know. 

0. Peroxide of hydrogen. In the presence 
of water and dilute sulphuric acid, the mutual 
reduction • 

51L0.0 f Mn,0, == SH .O h 2MnO + oOj 
proceeds normally and promptly. 

7. Nitrous acid (liberated from nitrite by 

in very dilute solutions) is oxidised by 
permanganate to nitric acid. Kesults, under 
certain conditions, fair. 

8. Cu.,0 (ppd.) dissolved in acid iron alum, 
iB oxidised readily, and fairly normally, to 2CuO. 

IV. Combined application of permanga- 
nate and reducing agents. 

A. Ferrosum as reducer. 

Tiie higher oxides of manganese, wUen 
digested with HCl or dilute and excess of 

ferrous salt, are readily dissolved as MnO-salt, 
with formation of a quantity of ferricum pro- 
portional to the loosely held oxygon in the per- 
oxide, In the absence of atmospheric oxygen, 

i.e. in an atmosphere of COj, the reaction takes 
its normal course, and becomes available for an 
obvious remainder-method for the determination 
of such oxygen. No doubt available for other j 
peroxides. 

Upon the ready action of alkaline permanga- 
nate on the sulphides, sulphites, thiosulphates, 
iodides, arsenites, formates, of K or Na, with 
formation of sulphate, iodate, arsenate, carbonate, 
respectively (and hydrated binoxide d manga- 
nese), P6an de'St. Gilles (A. Ch. [3] 66, 874), 
has founded a general method for the determina- 
tion of the respective acids by means of a 
itandard solution of permanganate, and an 
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aaxiliary solution of fenouB sulphate. After 
having carried out the required oxidation by 
means of excess of permanganate and a suffici- 
ency of caustic potash, the mixture is acidified, 
the MnO.j and surplus Mn^O, reduced by addition 
of, first, acid, and then excess of ferrous solution, 
and finally the surplus ferrosum is titrated by 
addition of more of the permanganate solution. 

B. Oxalic Acid as reducer. 

Any higher oxide of manganese, MnO.O,, 
when digested with excess of oxalic acid and 
sulphuric acid, is dissolved as MnSO,, with 
formation of CO,j from the reagent. The oxalio 
acid is used as a standard solution, and what 
remains over after the oxidation is determined 
volumetrically by permanganate. (Calcium oxa- 
late may separate out as a pp.) 

V. Chromic acid (in practice a solution 

of E.^Cr./)J as oxidant 
is available for the direct titration of the follow- 
ing reducers : 

1. Ferrosum. Ferrous sulphate or chloride, 
in the presence of free acid, is readily and com- 
pletely oxidised by added bichromate solution. 
The latter may bo standardised synthetically (or 
analytically by means of a known weight of dis- 
solved ferrosum). The end point is recognised 
by means of ferricyanide as a drop-test. The 
results aro in exact accordance with the chemi- 
cal equation, even in the case of hydrochloric 
solutions (Penny; Schabus). An unknown 
weight of CrOj can bo determined with equal 
exactitude by adding a known excessive weight 
of ferrosum (as sulphate) to the previously 
acidified solution, and titrating back with bi- 
chromate solution. 

The combination and ferrous salt 

is equivalent to that of Mn.^OjKU and the same 
reducer. It is available likewise for the deter- 
mination of As.Ua and Sb.^j in strongly hydro- 
chloric solutions. The solution is mixed with 
a (measured) excess of bichromate solution, and( 
the mixture allowed to stand to give the oxi- 
dation time for completion ; a known excessive 
quantity of ferrosum is then added, and its ex- 
cess is titrated by means of bichromate (Kessler), 

2. Sulphurous acid, Sulphuretted hydrogen^ 
Stannous chloride, in mineral acid solutions, 
aro readily oxidised by CrOa into SO*, S h H^O, 
SnCl^, respectively, and in all cases iodide of 
potassium and starch afford a sensitive indi- 
cator of excess of oxidant, whicli sharply defines 
the iiiq)arent end-point of the process. Hut, 
unfortunately, the corresponding ratio of the re- 
agents in no case coincides with that demanded 
by the respective equations, nor is it even con- 
stant in itself. arics according to the degrea 
of dilution, the proportion of free acid, the 
quantity of absorbc l air in the reagents, &o., in 
a manner which defies all calculation (Kessler. 
Mohr, Casselman). 

VI. Ferric chloride, in combination 

with Stannous chloride. 

The oxidation of an acid solution of SnCL^ by 
added ferric chloride proceeds very readily when 
the liquid is hot, and in fair accordance with 
the equation : 

SnOlj + Fe.^Cl, = SnCl^ + 2FeCl, ; 
but the dissolved air of the reagents is drawn 

O 





inio me oxidation, and the results are eohse- 
flientlr irregular. If however (according to Fre- 
Konius) we start with a hot, strongly acid, solution 
of ferric chloride, and at a nearly boiling tem- 
perature drop in stannous chloride, tho process 
proceeds exactly as described by the equation, 
and the disappearance of tho last trace of the 
yellow colour of the ferric salt defines tho end- 
point very sharply. In case of doubt, add a 
slight excess of SnClj, allow to cool, add starch, 
and titrate with iodine solution to determine 
the excess of SnCl.^, and allow for it. According 
to the writer’s experience the whole of these 
operations must he done in an atmosphere of 
CO^, else* the results are not exact. Fresenius 
utilises the process for the determination of j 
nitric acid. Tho nitrate to be analysed is | 
allowed to react with an excess of ferrous sul- 
phate, strongly acidified by ITCl, in an atmo- 
sphere of 11 or CO.j first cold, then hot; the NO 
is boiled otT, and tho fcrricum produced is de- 
termined by means of standard SuClj. The 
ferricum present as an impurity in the ferrous 
salt is determined by a blank experiment, and 
is allowed for: GxFe of ferricum produced, 
indicate 1 x N.,Os of nitric anhydride. 

STAND.vnri SuiJSTANCES AND SOLUTIONS, FOB TUB 
PnucKssL’s OF Oxidation rkferred to. 

1. Pure iodine is best made by Stas’s 
method. Ordinary iodine is dissolved in the 


liable Ho m wmmmM witl^ SW#. 
powder ia not hygrosoc^io. 

6. Arsmite solution.— 4*95 urms. « 
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powdered As^O, along with H grms. of p 
Na.,CO, ( = 30 grms. of crystals, Na,CO, + lOH, 
are dissolved in a slanting litre flask in wat 
over a water-bath ; after cooling, the liquid 
diluted to 1 litre. 1 c.c. = Ol x ‘I,’ ‘Cl,’ d 
mgms. [This solution, as a reagent, may ser 
for the direct titration of dissolved hyp 
chlorite — 2IiCIO + As^Oj = 2RC1 As.^^. TJ 
end-point is recognised by means of iodide 
potassium and starch paper; a drop of tl 
mixture when placed on the paper produces 
blue stain only as Jong as the KCIO is in exoes 
(Peuot)]. 

C. Standard ferrosum.—Fino pianoforte wii 
is sure not to contain more than 0*4 p.o. c 
impurities, and consequently may be assume< 
to represent 0'998± 0-002 times its weight o 
real iron. A known weight is dissolved in HC 
or dilute in the absence of air, &c. Mor< 

convenient is 

Feiroiis sulp]late.-~FeSO^.^T^.JO, ppd. from 
a pure, hot, concentrated, acid solution, by 
alcohol. The ppd. salt is washed with alcohol, 
dried on bibulous paper, and finally by exposure 
to the ‘ dry ’ air of a room. The dried salt is 


uicniuu. viuiiiary louine is uissoivcu in llie i i 

miniummof a highly concentrated solution ol i ‘S aT l.K , ‘"t?® 

iodide of potassium, and reppd. ns far asiros- | J., use. The 

m'hU ittr rti’infinn ^xact pcrcciitage of iron is dotermmod by 

Bible hy dilution Mith water. Tho pp. ^ ^ 

crucible --at the end in tlio presence of air- 
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washed, dried first on a porous tile, then over 
CaN/)^. Tho dry product is distilled (or the 
small quantify needed for an experiment 
sublimed ex, tempore between watch-glasses), the 
first instalments of vapour being rejected on 
account of possible contamination with water. 
From such iodine 

2. A standard iodine solution might easily 
be made by exact synthesis. But it is more eco- 
nomical and less troublesome to prepare this 
solution by approximate synthesis from ordi- 
nary good iodine (5 grams of I 2 dissolved in 
JO grams of IK and 10-20 c.c. of water in a 
mortar, and diluted to I litre, gives a solution 
of convenient strength) ; and to determine the 
exact strength by comparison with a known 
weight of pure iodine, by means of a thiosul- 
phate solution of arbitrary strength. Supposing 
p mgms. of pure iodine weighed directly, and 

.dissolved in IK solution, require c.c. of thio- 
lulphalV for their decolourisation, while n c.c. 
of the iodine-solution require t c.c. ; then 1 c.c. 
of thiosulphate is equivalent on the one hand to 

^ mgms. of iodine, and on tly'-other to - 0 . 0 . of 
iodine-solution. Hence 1 c.o. of the latter 
contains xl(=i 127) mgms. of pure 

iodine. 

3. Thiosul 2 )hate solution. — Made by dis- 
solving 10 grms. of tho pure salt, Na-^S^Oj-SH^O, 
in water, to 1 litre. It decolourises about its 
own volume of the above iodine-solution. The 
strength is determined empirically by means of 
the latter. 

4. Anenious acid . — Pure As^O, is to be had 
in commerce ; but tho best qualities even art 


until the weight is constant, and weighing the 
Fe^Og. This old preparation of Otto, accord- 
ing to the writer’s experience, lias a higher 
degree of stability in ai.r tlian Mohr’s salt 
{Fe(Nn,)2SA.on20). 

7. Standard oxalic acid— The crystallised, 
normal, ammonium salt is tho best standard 
oxalate for processes in which it serves as a 
reducing agent. If air-dry, it has exactly the 
composition C. 20 ^(NHJ 2 + H 2 O = 112. 

8. Standard permanganate of potassium.— 
An almost pure salt is to be had in commerce. 
Yet it is not imro enough to serve as a standard 
substance in itself. A convenient solution is 
obtained by dissolving a little more than 3*10 
grms. ( = 5*0 grraa. of ferrosum) in water, in a 
mortar, and diluting to 1 litre. The solution is 
standardised by means of a known weight of 
ferrosum or oxalate of ammonium, according to 
the object which it is meant to servo. 

9. Bichromate of potassium.— K.,Cv.fij. The 
pure salt is not dilficult to obtain ; but it is not 
easy to prove that it contains exactly 2CrO, for 
IK^O. Besides, the uncertainty of the atomic 
weight of chromium is a difiiculty. To prepare 
the salt for use, it is powdered and dehydrated 
by keepmg it near its fusing-point for a time 
in a platinum basin. It is then fused at 
the lowest temperature, and allowed to solidify, 
when it breaks up spontaneously into small 
granular fragments, and thus assumes a con- 
venient form for weighing. 

10. Standard solution of bichromate ofpdUu* 

slum,— A convenient concentration is 

4-92 gms. per litre. It may be standardited 




a:^tti«tioally ; butfor iha reaso^8 stated it la eah be eflfeoted; (a) by boiling with faming 
oh the whole preferable to standardise the HNO,; in the case of volatile substances, the 
eolation analytically by means of a known operation must be performed in a scaled tube: 
■weight of dissolved ferrosum. (b) by boiling with alcoholic potash ; (c) by mix- 

11. Stwidard ferric chloride. — Pure ferric ing with quicklime and heating to redness: (d) 
oxide is prepared by strongly heating ferrous by heating with and MnO.^. 
oxalate. It is dissolved, by prolonged digestion, Bromine and iodine may be detected by 
in fuming HCl, and the solution is diluted to the same methods. 


the right volume. grms. per litre is a 
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convenient strength. 

12. Stannous chloride (for No. 11). Pure 
granulated tin (approximately weighed) is 
boiled with pure HGl until a sufficiency of the 
metal is dissolved. The residual metal is 
weighed, to ascertain how much has passed 
into solution. For every 3 grms. of dissolved tin, 
the solution is diluted - with air-free water -to 1 
litre. The solution decolorises about I its volume 
of the iron solution, which latter serves for its 
standardisation. Tliis solution is so prone to 
oxidise in the air that it must be rcstandard- 
ised expressly for each analysis. W. 1). 

ANALYSIS, ORGANIC. Ultimate organic 
analysis is the determination of the elements 
present in an organic substance. Proximate 
organic analysis is the determination of the 
compounds present in a mixture, or of the 
radicles present in a compound. 

Ultimate Analysis. 

Qualitative. 

Carbon, If a substance blackens when it 
is heated either alone or with sulphuric acid it 
probably contains carbon, in which case the 
black residue may be burnt away by heating to 
redness in air. A* substance that does not 
blacken may nevertholcss contain carbon. A 
more general method of detecting carbon is 
first to warm the substance gently with dilute 
sulphuric acid, in order to expel CO,^ that may 
be present as carbonate, and then to add several 
volumes of strong H^SO^ and some ILCroO,; 
when the mixture is heated any organic sub- 
stance will be oxidised, and the escaping CO^ 
will give a pp. with lime-water. 

Hydrogen. The substance is mixed in a 
tube with dry CuO or PbCrO^ and heated to 
redness ; water comes off and condenses in a 
cold tube. Very small quantities of water mjiy 
be detected by passing the gases through a glass 
tube lined with PmOj, which will deliquesce. In 
these experiments carbon may be detected by 
passing the escaping gases into lime-water. 

Nitrogen. The substance is heated Avith 
soda-lime and the nitrogen may then bo given 
oflf as NUj and detected by its smell, action on 
red litmus, or fumes with HCl. The soda-lime 
must be strongly heated before use, until it no 
longer gives off NH.,, This test will not succeed 
with compounds rich in oxygen. A more deli- 
cate test consists in heating the substance with 
potassium in a test-tube drawn out to a point. 
After deflagration, the mass is dissolved in water 
and examined for cyanide (Lassaigne, 367). 
This test is noF applicable to diazo-compounds 
(Graebe, B, 17, 1178). 

Chlorine, The chlorine is eliminated in 
Ihe form of a chloride, the presence of which is 
detected byAgNO,. The conversion in topchlorido 


Halogens may also be detected by fixing a 
lump of CuO to a platinum wire, dipping it into 
the substance, and heating first in tlie inner and 
then in the outer part of a Bunsen flame : a green 
colour indicates halogens (Beilstein, B. 5, C20). 

Sulphur is detected by strongly heating 
the substance with a mixture of sodic carbonate 
and sodic nitrate, or sodic carbonate and potassio 
chlorate ; and testing the product for sulphate. 
Or the substance may be fused with sodium 
free from sulphur in a test-tube, and the pro- 
duct examined for sulphide (Schbnn, Fr. 8, 62, 
30!)), Some compounds, such as albumen, give 
a black i)p. of PbS when l>oiled with a solution 
of PbO in NaOHAq. Boiling IlgCl.^ or ammo* 
niacal AgNOa often give a black pp. of metallic 
sulphide. 

Phosphorus may be detected by fusing 
with Na.COj mixed with NaNO;„ and examining 
the product for phosphate. Or the carbonised 
substance may be heated with magnesium pow- 
der ; the product, containing magnesium phos- 
phide, is luminous in the dark, and when 
moistened with water will give off PHj (Schdnn, 
Fr, 8, 65). 

Quantitative. 

Substances containing no elements beside 
carbon, hydrogen, and oxygen. 

The substances are subjected to Comhus- 
tion as proposed by Liebig (Z\ 21, 1), hydrogen 
being weighed as HjO and carbon as CO,,. The 
operation is performed in a closed or in an open 
tube. 

Closed tube, combustion. 

A tube of hard glass (diameter *6 inch) is 
drawn out as represented, the length being about 
18 inches. It is thoroughly cleaned by washing 
with fuming HNOj, water, alcoliol, and ether; 
and is then dried. Coarsely powdered oxide of 
copper, which has been prepared by oxidising 
the metal, not by strongly heating the nitrate, 
and has been dried at a red heat, is poufed in 
as far as a ; a mixture of the weighed substance 
Avith finely powdered dry CuO is then p lureb uu, 
it fills up tlie space from a io b\ the vessel 
(mortar or glass tube) in which the mixture has 
been effected is then rinsed with more finely 
divided CuO, and ^hese rinsings are poured into 
the tube and take up the space 6 to c ; finally 
some coarse CuO is poured in, taking the space 
c to d. The tube is then gently tapped to ensure 
free passage for gas from end to end. A tu^ 
containing CaClj is fixed by means of a cork to 
the open end of the combustion tube, and a 
bulb-apparatus (Liebig’s or Geissler’s) contai% 
ing caustic potash (1 pt. KOH to 2 pts. H-^O) is 
attached to this, and in aconrate experiments a 
drying tube containing CaClj or solid KOH is 
placed beyond the potash-bulbs. 

The oxide of copper at d is first heated to 
redness, and then the tube is heated at the other 
end; the gas-burners of the furnace are tdiea 

b2 
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gradually turned on, at either end, so that a 
regular stream of bubbles passes into the potash 
bulbs. When the entire tube has reached a dull 
red heat, the potash solution will begin to be 
sucked back, owing to absorption of CO.^ ; at this 
moment the point of the tube is broken off, and 
air is sucked through the entire apparatus in 
order that the gases still contained in tho tube 


of gas. At the end of one experiment the 
tube is quite ready for a second. 

Liquids of high boiling-point are analysed 
in the same way as solids, except that they are 
weighed in short open tubes ; volatile liquids 
such as ether are best put into a bulb or 
V-tubo, which is inserted between the oxygen 
apparatus and the combustion tube ; the pro* 


a 




may be drawn into the weighed bulbs ; in this 
operation a long glass tube, open at both ends, 
may be placed over the broken point of the tube 
to prevent furnace gases being sucked in. The 
calcium chloride tube and potash bulbs are 
weighed when cool : i of the increase of weight 
of the former is hydrogen, ^ of the increase of 
weight of the latter is carbon. 

Open tube, combustion. 

It is in every way better to make the com- 
bustion in an ‘open tube,’ that is a tube through 
which oxygen is continually passing. 

The greater part of such a tube is filled with 
oxide of copper, c d ; this is followed by an open 


portion between oxygen and vapour of the sub- 
stance depends upon the temperature of the 
bulb-tube and should be so regulated that the 
oxygen should be always in considerable excess, 
otherwise an explosion might occur. 

The polash-bulbs may be replaced by a 
U-tube containing soda-limo; in this case the 
escaping gas must be allowed to bubble through 
II.SO, in order that the rate at which it is com- 
ing oil may be noted. 

Minute quantities of carbonic acid are ab- 
sorbed by CuO and even by PbCrO^ and retained 
at a red heat. Hence in the determination of 
minute quantities of carbon (as in the residue 
from drinking water) these substances should 



space of about 2 inches ; then comes a porcelain 
or platinum boat, b, containing the weighed sub- 
stance ; beyond (between b and a) it is advisa- : 
ble to have a spiral of oxidised copper. The ' 
boat and its contents are not inserted until the 
whole tube has been red hot for some time, ; 
,„isU 3 ng ^hich a current of dry oxygen, free from | 
carbonic acid, has been passing through it ; it ! 
is of course necessary to allow the end a c of 
the tube to cool down before inserting the sub- ! 
stance, otherwise this would be volatilised too 
rapidly. ‘While the tube is cfidling, the calcium ■ 
chloride tube a, potash bulbs n, and the drying 
tube c are attached. The tube, which is still 
red-hot from c to d, is now heated at a and 
the burners are lighted one after another until 
the whole tube is red hot. A slow current of 
oxygen is passed in at a during the combustion. 
The combustion is continued until oxygen 
escaping from c will rekindle a glowing match. 
Before weighing, the oxygen in the tubes a, c, 
but especially n, must be displaced by air; in a 
properly conducted experiment o will not gain 
more than *01 g., a greater increase indicates 
Spurting of the potash due to a too rapid current 


be previously ignited in a current of air (Dittmar 
a. Ilobinson, C. N. 30, 20)). 

Minute quantities of carbon may also be esti- 
mated by burning in an open combustion tube 
in a current of oxygen, in the usual way, and 
ab.§orbing the CO.^ in baryta water. Tlie BaCO, 
is filtered off, converted into sulphate and 
weighed (Dupr6 a. Hake, C. J. 35, 153). Other 
methods aro described below. 

Combustion with Chromic Acid. 

Carbon may be determined by heating the 
substance with CrOj and and measuring 

the mixture of CO and COj, given off (Cross a. 
Bevan, C.^N. 62, 207). 

Substances containing Nitrogen. 

Determination of Carbon and 
Hydrogen. 

If thq substance contains nitrogen, nitrous 
fumes might be evolved, and thc»;e would be ab- 
sorbed in tho weighed tubes. To prevent this, a 
layer of metallic copper is put in the front of the 
tube, near d, and kept red-hot : it reduces oxides 
of nitrogen to nitrogen. This copper Is best 


ANALYSIS, 

obtained by heating A roll of wire gauze in a 
Bunsen flame, and reducing the oxidised surface 
in a current of hydrogen ; it should then be 
allowed to cool in a current of GO.^, as it would 
absorb hydrogen if left to cool in that gas. The 
copper spiral may also bo reduced by heating it 
in the mixture of CO and CO^ obtained by 
warming oxalic acid with H.,S04 (C. E. Groves, 
0. /. 37, 505). 

Binoxide of manganese mixed with potassic 
chromate may bo used instead of a reduced 
copper spiral in combustion of nitrogenous sub- 
stances. The mixture is made by stirring 
precipitated binoxido of manganese with a 
saturated solution of potassic chromate con- 
taining a little bichromate; the paste is dried 
and heated somewhat strongly. The combustion 
is performed with plumbic chromate (or copi)er 
oxide) in the usual way, about 5 inches of the 
chromate mixture being put in the front part 
of the tube to absorb the nitrous fumes. In per- 
forming a combustion, the whole tube is strongly 
heated, while pure air is passed through it, 
then the absorbent mixture is allowed to cool to 
200'’-250° and kept at that temperature during 
the combustion (Perkin, C. J. 37, 457). 

Estimation of Nitrogen. 

Will and Varrentrapp (A. 39,257) mix 
the substance with soda lime, that has recently 
been strongly liLiitcd, and put the mixture into 
a short combustion-tube drawn out to a point 
at one end. The operation is conducted exactly 
as in combusi.On in a closed tube {v. stq)ra), 
the escaping gases being passed into a bulb- 
apparatus to absorb ammonia. The bulbs con- 
tain hydrochloric acid, the NH^, being weighed 
as (NH,).^l’tCl,i ; or, better, standard hydrochloric 
or oxalic acid, tlfe amount of NHj being then 
determined by subsequent titration. 

If the soda-lime contain nitrate it will evolve 
NH3 even wlien heated with sugar (Schulze a. 
Krcussler, Fr. 12, 362). If in preparing the 
soda-limo a little NaaS^Oj be added before 
evaporating and strongly heating, small (juan- 
tities of nitrates and nitrites will be reduced 
and eliminafed as NHj (Dittmar, com.). 

Substances rich in nitrogen should be mixed 
with sugar after weighing. 

Unfortunately many organic compounds do 
not yield all their nitrogen in the form of am- 
monia Mheii ignited with soda-lime; such arc 
nitroso-, nitro-, azo- and diazo-, compounds, 
and even some protei'ds (llitthausen, Fr. 17, 501 ; 
Krcussler, J. 1881, 1008) ; in this case the method 
of analysis proposed by Dumas is generally used. 
Modifications of the soda-lime process intended 
to overcome this ditllculty have, however, been 
proposed, lluflle (C. J. 39, 87) mixes the sub- 
stance (1 g.) with sulphur (’75 g.) and finely 
powdered wood cluircoal ("75 g.). Soda-limo pre- 
pared from NaOll (100 g.), water and CaO (56 g.) 
is dried and mixed with Na3S.U.,(21 g.). Two- 
thirds of the tubo is filled with this mixture, 
containing the substance to bo analyse<l; tk.o 
remaining third is ordinary soda-lime, wliich 
prevents ov<^ulion of H^S. The thiosulphate 
reduces nitro compounds. 

Arnold (J5. 18, 806) prefers a mixture of 
9 )da-limc, sodium formate and Na^SjOj. 

Dumas {A. Ch, [2] 63, 1711 heats the sub- 
* 
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stance with oxide of copper and measures the 
escaping nitrogen. A combustion-tube closed 
at one end has first some bicarbonate of soda, 
or, much better, magnesite, put into it ; this is 
followed by pure oxide of copper, a mixture of 
oxide of copper and the weighed substance, pure 
oxide of copper, and finally a bright copper spiral 
— ^just as in an ordinary combustion ; the end of 
the tube is closed by a coik through which passes 
a delivery tube dipping under mercury. Before 
beginning the combustion all the air must be 
driven out of the tubo by carbonic acid; this is 
effected by healing the magnesite ; the combus- 
tion is then proceeded with in the ordinary way, 
and the gaseous products aro collected in a 
graduated tube standing over mercury and con- 
taining 50 c.c. of a solution of caustic potash 
(equal weights of potash and water). The pro- 
ducts of combustion are water, carbonic acid, and 
nitrogen; tlie two former are stopped by the 
potash, so that the gas that collects is pure 
nitrogen ; at the end of the experiment the com- 
bustion tube still contains nitrogen which must 
bo expelled by heating the magnesite a second 
lime. The eudiometer and its contents is then 
transferred to a vessel containing air-free water, 
which takes the place of the mercury and 
potash. The volume of the nitrogen corrected 
for pressure and temperature enables one to 
calculate its weight. 

As there is some danger that the magnesite 
may be all used up in the preliminary expulsion 
of air from the tube, a convenient modification 
of this process consists in expelling the air by 
hydrogen; the hydrogen is got rid of by igniting 
a little of the copper oxide in the front part of 
the tube ; a complete vacuum is thus formed, 
and the mercury rises in the delivery tube to the 
height of the barometer. The cojiibustion is 
proceeded with in the usual way, and the 
residual nitrogen expelled by healing the mag- 
nesite. 

Bicarbonate of soda, MnCOg, or a mixture of 
NaXOa and K.Cr^O, may bo used instead Ol 
magnesite as a source of CO3. In order that the 
tube may be used several times without turning 
out all the copper oxide, C. E. Groves (C. J. 37, . 
501) places the substance intended to evolve 
CO3 in a sejiarate tubo, 7 inches long, which is 
attached by a short glass connoetiug-tube to the 
end of the combustion-tube, wliicli is in this 
ease open at both ends. A fresh carbonic aoid 
tube is used for each experiment. The CO, yay 
also be obtained from jnarble and 
ILSO^, but it is then liable to contain air unless 
the apparatus be first exhausted by an air-pump 
(Bernthsen, Fr. 21, Oil) or heated to boiling 
(Hufsclimidt, , 18, llll). The nitrogen is 

frequently contaminated with NO. Frankland a, 
Armstrong {C. J. 21, 77), after reading off the 
nitrogen, pass up a little oxygen, and, when the 
resulting NO.^ has been absorbed, they remove 
the excess of oxygen by potassium pyrogallate. 
The mean between the volumes of gas before 
and after this operation is the true volume of 
nitrogen (Thudichum a. Wanklyn, G.J. 22, 293). 
Apparatus for collecting and measuring the 
nitrogen have been devised by Znlkowsky (A. 
182, 29C), Schwarz {B. 13, 771), Ludwig, 
(B. 13, 883), II. Schiff [B. 13, 886), 0. B. 
Groves (C. /. 37, 600 ), Staedel {Fr. 19, 462 ), 
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42). Hempef (JPV. 17, 409), and Binski (3. 17. 
1847). Prankland a. Armstrong (0. cT. 21, 77) 
oozmeot the tube with a SprengePs pump, whicn 
delivers the gas into a eudiometer at the end of 
the dropping tube (see also Gibbs, Fr. 11, 206 ; 
Hempel,3w. 1, 9; Plliiger, 7?V. 18, 290; Johnson 
a. Jenkins, Am. 2, 27). Explosive substances 
may be analysed under diminished pressure. 

The weight of nitrogen is calculated from its 
volume \vith the aid of the annexed table. From 
the barometric height, corrected for expansion 
of mercury and of the scale, the vapour pressure 
of water at the temperature of the nitrogen is 
deducted ; from the corrected pressure and the 
temperature the weight of nitrogen is at once 
given by the table. 


(Axn(^i Af. {90 24. 788). Srenidef reborn* 
mends a mixture of oono. H,S 04 (9 pts^ and 
PgOj (1 pt.) as a substitute for fuming H^SOi 
(u. ^so Warington, 0» N, 82, 162). 

Substances containing Halogens, 

Determination of Carbon and 
Hydrogen. 

In the combustion of substances containing 
chlorine white fumes of cuprous chloride might 
pass into the chloride of calcium tube, and even 
> chlorine might bo given oil by the action of the 
I oxygon (Stadeler, A. 69, 3)15 ; Kraut, Fr. 2, 242); 
these sources of error may bo prevented by 
! placing a roll of silver foil between the copper 
I oxido and tho cork into which tho chloride of 


Pressure of Agueoxis Yaj^our^ in mm. 

Temp. I 10® I 11® I 12® I 13® I 14® I IS® I 16® I 17® I 18® I 19® I 20® I 21® | 22® I 23® I 24® I 25° 

Pressure | 9*3 | 9*8 \ 10‘6 | 11*2 | 11-9 | 12-7 [ 13-6 1 14-4 | 16‘4 | 16*3 1 17-4 | 18*5 | 19*7 | 20 9 | 22 2 | 23-6 


Eedxiction of Barometric Height. 

If the barometer has a glass scale, the 
necessary reduction will be found by multi- 
plying the following numbers by the temperature, 
viz. : — 


mm. 

Heductlon 

mm. 

Hedactioa 

720 

•123 

750 

•128 

725 

•124 

765 

•129 

730 

•125 

760 

•130 

735 

*126 

765 

•131 

740 

•127 

770 

•132 

745 

•127 

775 

•133 


Yapoxir-Pressure of Agueous KOH. 

When nitrogen is measured over aqueous 
potash, the correction for vapour-pressure is less 
than that given above, as is seen from the fol- 
lowing table, which relates to a solution of 1 pt. 
of potash in pts. water (S.G. 1*258). 


10° 

6-19 

18° 

10-17 

11° 

6-58 

19° 

11-20 

12° 

702 

20° 

n-97 

13° 

7-48 

21° 

12-80 

14° 

7-99 

22° 

13-70 

16° 

8-53 

23° 

14-62 

16° 

9-13 

24° 

15-60 

17° 

9*77 

25° 

10-05 


(Kreusler, Fr. 24, 445). 

In the course of an elaborate discussion of the 
.yalfftrus mei^'-ods of estimating nitrogen, Kreusler 
(Landwirthschaftliche Versuchstationen, 31,207 ; 
cf, Fr. 19, 92 ; 24, 438) recommends that tho 
copper oxide be mixed with asbestos. Cupric 
sulphate (150 g.), water (400 g.),57:d light asbes- 
tos (50 g.), are evaporated until almost dry ; the 
mass is then thrown in small quantities into 
boiling water (2500 g.) containing KOH (160 g,), 
and finally washed, dried, and heated until red 
hot. Kreusler also uses copper-asbestos prepared 
by reducing this copper-oxide-asbestos in place 
of a copper spiral. 

Nitrogen may often be converted into NH, by 
KMnO, and boiling NaOHAq (Wanklyn, Chap- 
man, a. Smith, G. J. 20, 445), or by KMnO^ and 
fuming HjSO, (Kjeldahl, Fr. 22, 370). In the 
latter case it is better to add CUSO4 (Hilfahrt, 
C. C 16, 17), benzoic acid, sugar, and mercury 


calcium tube is inserted. This part of the tube 
is kept at a dull red heat througliout the com- 
bustion ; cuprous chloride and silver form silver 
chloride and copper. 

If the substance contains nitrogen as well aa 
halogens, a copper spiral need not precede the 
silver spiral. 

Determination of Halogens. 

This is usually effected by placing 4 c.o. 
fuming nitric acid and about a gram of silver 
nitrate in a strong glass tube, then sliding down 
a little tube containing the weighed substance 
in such a manner that it may stick to the wet 
glass and not at once fall into the acid; the 
open end of the strong glass tube is then fused, 
drawn off to a stout point ami scaled. A little 
tapping will now cause tho tube containing the 
substance to fall into the acid, after which the 
whole is heated at 180° for seven hours in a gun- 
barrel. Aromatic substances require a higher 
temperature, 250°-300°. Silver chloride (bro- 
mide or iodide) is formed, and, after opening tho 
tube, diluting and boiling, it is collected, dried, 
and weighed (Carius, A. 116, 1 ; 136, 129). A 
still easier method is that lately proposed by 
Plimpton and Graves (C. J. 43, 119), in which 
the organic substance is burnt in the flame of a 
small Bunsen burner ; the halogen is left chiefly 
combined with hydrogen but partly in tlie free 
state. The products are sucked through aqueous 
I NaOH, which is then boiled with SO.^ and sub- 
I sequently mixed with HNO;,. The halogen is 
then estimated volumetrically (best by sulpho- 
cyanide method) or gravimetrically. 

Another metliod is to heat tho substance in 
a combustion tube through which oxygen charged 
with nitrous fumes is passing (Klason, B. 19, 
1910). 

Halogens may in many cases bo determined 
by strongly heating with lime ; with a mixture of 
Na,CO, and KNO, (Volhard, A. 190, 40); with 
TXOa (E. Kopp, B. 8, 769 ; Klobulowski, B. 10, 
290); or with alcoholic KOH; or by reducing 
with Bodiuiil amalgam (Kokul6, A. Suppl. 1, 840). 

Halogens in the side-chains of aromatic 
compounds may be estimated by boiling witli 
a saturated alcoholic solution of AgNO, 
(Schulze, B. 17, 1678). 



Table ehowiiig the weight in milligrammes of 1 o.c. nitrogen at 10° to 25 ° C, and 720 to 770 mm. pressure (Dietrich, Fr, 5, 38). 
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Omjpounds wntmting Sulphur, 
Determination of Carbon and 
Hydrogen. 

In the analysis of compounds containing 
sulphur there is danger that SOg may be absorbed 
in the weighed tubes. This is obviated by using 
lead chromate, in the form of small fused lumps, 
instead of cupric oxide. The VbCrO^ (10 pts.) 
may be mixed with K-^Cr^jO, (1 pt.). Sulphur 
remains in the tube as rbS04. Volatile 
substances containing N as well as S must be 
burnt slowly (V. Meyer a. Stiideler, B. 17, 1577). 
According to Ritthausen (Fr. 22, 108), reduced 
lead chromate can be re-oxidised by heating in a 
current of oxygen. It is of course not necessary 
to fill the whole tube with load chromate, the 
posterior half may contain CuO. A mixture 
of CuO and PbCrO^ is sometimes used. 

Determination of Sulphur. 

Sulphur may bo estimated by the method 
of Carius, by heating with fuming IINOj in a 
tube as described for halogens ; the sulphuric 
acid is ppd. by BaCl^. This method cannot 
usually be employed in the case of organic sul- 
phides, since these are converted into sulphonic 
acids. 

The most rapid method is that of Plimpton, 
which consists in burning the substance in 
the flame of a small Bunsen, sucking the pro- 
ducts of combustion through dilute NaOIfAq, 
oxidising with Cl, and ppg. as Ba.SO^ (Morley 
a. Saint, C. J. 43, 401), Or the substance may 
be burnt in a stream of oxygon and the SO._, 
collected in HClAq containing Br (Saner, Fr, 
12, 32, 178 ; Mixter, Fr. 22,581). In this experi- 
ment it is better to pass the oxygen through 
fuming nitric acid so that it may be charged 
with nitrous fumes (Klason, B. 10, 1010). In 
many cases sulphur may be dctormincu by fusion 
with a mixture of Na^CO;, and KNO^ or KCIO3. 
In the case of albuminoids it is convenient to 
evaporate with IINO^ (10 pts. of S. G. 1-4) before 
fusing (Kochs, C. C. 188G, 804). Oxidation may 
also be effected by Na^COj and UgO (Bussell, 
C. J. 7, 212). 

Phosphorus. 

The estimation of phosphorus resembles that 
of S. It is weighed as Mg.^PjOy. 

Boron. 

If cotnpounds containing boron are analysed 
by combustion with copper oxide the hydro- 
gen will come out too high, owing to the 
volatilisation of boric acid. This is prevented 
by using lead chromate instead of cupric oxide 
(Couiicler, J.pr. [2] 18, 375). * 

Silicon. 

SiOj is left behind when non-volatile com- 
pounds are heated. Volatile compounds are 
heated with cone, or fuming H^SO^ and KMnO ; 
the product is poured into water. The ppd. 
lIjSiOj is freed from traces of manganese by 
fusion with Na^CO, and KNO, (Polis, B. 19, 
1024). 

AlJcalis or Alkaline Earths. 

In an ordinary combustion these would be 
left as carbonates, the estimation of carbon thus 


being too low ; but if the subatanoe ia thoroughly 
mixed with PbOrO^ (10 pts.), and EsCrjiO, (1 pt.), 
the CO 2 will be turned out by GrOj, the bases 
being left as chromates. SchaiJer {Bl. [2] 2, 93) 
mixes the alkaline salts of organic acids with 
an equal weight of SiO^, and then with CuO. 

The alkaline metals are determined by strongly 
heating and analysing the inorganic residue. 

Silver, Platinum, and Qold 
Are determined by strongly heating the substance 
and weighing the metallic residue. 

Explosive Substances 

Must be well mixed with CuO before being 
put into a combustion tube; very explosive sub- 
stances are analysed in vacuo. 

Combustion with platinum black. 

Kopfer (0. J. 29, CCO) introduced the use of 
finely divided platinum as a carrier of oxygen. 
The anterior half of a conibnstion-tube is filled 
with platinum black intimately mixed with 
asbestos, the posterior half of tlie tube contains 
the weighed substance in a boat ; air or oxygen 
is passed through the tube, the combustion 
being conducted in the usual way. 

Additional licferences. 

Gay-Lussac a. Thcnard, A. Ch. 74, 47 (KCIO,) ; 
Saussiire, A. Ch. 78, 57 ; Berzelius, Tlionison’a 
AtDuils of Philosophy, 4, 401, P. 41, 391 ; Inebig, 
P. 21, 1; Liebig a. Wohler, A. 2(5, 270; llof- 
mann, C. J. 11, 30 ; Cloez, A. Ch. [3J 08, 394 
(iron tube); BL [2J 1, 250; Br. Schulze, Fr. 6, 
289 (KCIO,) ; Wlieeler, Am. S. [2J 41, 33 ; Mar- 
chand, J. }>r. 41, 177 ; Gottlieb, A. 78, 241 ; Mel- 
sens, A. 00, 115 ; I’raukland, 7'. 117, 03 ; Tliorj), 
O. J. 19, 359; Maxwell Siiufson, C. J. 0, 289; A. 
95, 03; niiigcr. Arch. ejes. Phis. 1878, 117 ; H. 
Schiff, A. 195, 293; Warren, Am. S. [2] 42, 150. 

Determination of oxygen: Wanklyn a. 
Frank, P. M. [4] 20, 554 ; Baunihauer, A. 90, 
228; Ar. N. 1, 179; Ladonburg, A. 136, 1 
(Agio.,) ; A. Mitsclierlich, P. 130, 530 ; B, 1, 45 ; 
0, 1006 ; Cretier,F;-. 13, 1 ; Stromoyer,.4. 117, 247. 

Simultaneous determination of 0, II, 
and N : (Schulze, Fr. 5, 209 ; Frcrichs, B. 10, 
20; Ilempel, Fr. 17, 409; Jannasch a. V, 
Meyer, B. 19,919). 

riioxiMATB Analysis. 

Separation of Mixtures. 

A conjideto account of proximate organic 
analysis would include descriptions of the pro- 
perties of every known organic substance, since 
the methods to be ad^ided vary in almost every 
case. 

The simplest method is separation by sol- 
vents which dissolve some but not all of the 
components of a mixture ; when solid substanoeg 
have been dissolved, they may usually bo further 
purified by crystallisation. 

An unknown mixture is treated with water ; 
the insoluble portion is shaken with dilute 
H3SO4 wfiich dissolves bases, then with dilute 
Ka^CO, which dissolves acids, Vum with dilute 
NaOH which dissolves phenols ; the bases are 
ppd. by adding KOH to tne H^SO^Aq ; the acids 
and phenols by acidifying the alkaline solution! 
ottntalning them. 
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The neutral residue is fractionally distilled 
and the various portions are boiled with alco- 
holic EOH which saponifies compound ethers, 
and gives a pp. of KCl in the case of fatty 
chloro-derivatives. The alcohol is distilled off 
together with volatile alcohols, (fee., and the 
residue treated with water, which dissolves salts 
of acids that may have been formed. The in- 
soluble residue is a hydrocarbon, high-boiling 
alcohol, alkyl oxide, ketone, haloid aromatic 
compound, &c. ; the hydrocarbon will usually 
be left on treating the residue with cold 11^804 
if aromatic chloro-dcrivntives are absent. 

The aqueous extract of the original sub- 
stance is neutralised (if necessary) and distilled. 
The distillate is treated with K^COj which 
separates alcohols, lactones, methyl acetate Ac. 
The residue is made alkaline by KOH and dis- 
tilled : bases pass over ; it is then acidified with 
H-SOj and distilled ; volatile acids pass over. 
The residue is exactly neutralised and neutral 
substances are extracted by ether, chloroform, 
and benzene, the atpicous residue is acidified 
and non-volatile acids are extracted by these 
solvents ; the residue is now made alkaline and 
again extracted, finally it is evaporated to dry- 
ness, and, if any organic matter is still present, 
extracted with solvents. {V. also Alkaloids, p. 
120 ; Acids, p. 5G.) 

Many substances, even of very high boiling 
point, distil in a current of steam. 

Detection of radicles. 

Hydroxy 1.- Compounds containing OH 
evolve ITCl when treated with PCI3 (p. 61); 
but if rOl-, is used cliloniation may occur 
€.g. C JT,()Me 4 PCI, = C.H^Cl.OMe + PCI, + llCl. 
AcCl acts upon hyd^'oxylic compounds with evo- 
lution of HCl ; when water is added to the pro- 
duct the acetyl derivat ives of alcoholic hydroxyls 
are not affected, but CO.OAc is converted into 
CO.OH. AcCl acts also upon amines in the fol- 
lowing way : 

C + AcCl = C„n,NAcH i HCl. 

BzCl and Ae.X) also displace hydroxylic hydro- 
gen by acid radicles. In compounds whoso 
molecules do not contain or Nil ilie number 
of hydroxyls (other than those in carboxyls) 
present can be determined by estimating the 
acetic acid obtained by saponifying the i)ro- 
duct after treatment with water. The groups 
C.CO.NII and C.CO.CTT.j in many cases act ars if 
they contained hydroxyl and were C.C(OH):N 
and C.C(OH):CH. 

Very dilute, colourless solutions of Fe-^Cl^ 
give a distinct colouration with compounds con- 
taining alcoholic hydroxyl (Landwchr, B. 19, 
2720). 

Zinc ethide evolves ethane gas when mixed 
with compounds containing hydroxyl or amido- 
gen (Japp, C. J. 37, 665) ; compounds contain- 
ing imidogen evolve gas when heated with ZriEt, 
at 100° (Japp, C. J. 39, 224). (7. also Alcohols 
and Acids.) 

Ami do gen is indicated by the reactions 
just mentioned, and also by the readiness with 
which methyl«0an be introduced by heating with 
Mel. Methyl iodide docs not act upon hydroxyl 
except in presence of an alkali. Compounds 
containing NHj evolve nitrogen when heated 
with nitroui acid. 


I The number of amidogens in the molecule of 
! a compound may be found by treating the sub- 
stance with KNOj and H^SO^; the escaping 
nitrogen is freed from NO by FeS04 and then 
measured (Sachsse a. Kormann, Fr. 14, 380). In 
easily diazotised aromatic amido compounds, the 
number of amidogens may be determined by 
dissolving in cone. HClAq and titrating with a 
normal solution of KNOo, until a drop of the 
solution gives a blue colour with KI and starch 
(Green a. Evershed, S . G. I. 5, 633). 

Imidogen is indicaUd by the proflnction of 
a nitrosamine when treated with nitrous acid. 
(See also Amines, Amido-acids, Amides.) 

Carbonyl is indicated by the reaction with 
phenyl -hydrazine and hydroxybiinine (p. 107). 

Carboxyl is indicated by the easy pro- 
duction of metallic salts, and by the splitting off 
of COo when the substance is heated alone or 
with lime. 

Want of saturation is indicated by instant 
bleaching of bromine. 

Acetylenic hydrogen is indicated by the 
formation of explosive pps. with ammoniacal 
cuprous chloride or silver nitrate. 

Nitroxyl.— Nitro compounds may be re- 
duced to compounds containing amidogen. The 
number of nitroxyls is found by reducing with 
standard SnCl« and titrating with iodine (Lim- 
pricht, I?. 11, 36). 

M c t h o X y 1. The number of MoO groups can 
be found by boiling with aqueous H I ( S.G. 1’68) the 
distillate (Mel) being received in alcoholic AgNO, 
and the resulting Agl weighed (Zeisel, M. 6, 989). 

Halogens in the side chains of aromatic 
compounds can be estimated by boiling with a 
saturated alcoholic solution of AgNO, (Schulze, 
B. 17, 1676). 

ANAMIETIN C,oHa40,„(?). Occurs in grains 
of cocculus indicus {Anainirta coccuhis) along 
with picrotoxin (q. i;.),picrotin, and glyceryl stea- 
rate (Barth a. Ivrctschy, 8itz. B . [ii] 81, 7 ; 
Francis, A. 42, 254). Short needles (from water), 
insol. benzene ; becomes brown at 260°. Neither 
bitter nor iwisonous. 

ANCHOIC ACID = Azelaic ACID, 

ANCHUSIN V . Alkanet. 

ANDEOMEDOTOXIN [228°]. A 

poisonous substance in Ehododendron ponticum 
(Zaaijcr, B. 6, 313). 

ANEMONE. — The plants Anemone nemo* 
rosa, A. pratensis, and A. imhatUla when dis- 
tilled with steam yield anemonin, anemone- 
camphor, anemonic acid, and a yellowish 
which arc extracted by sliaking the distillate 
with chloroform (Lowig a. Weidmann,P. 46,46; 
Schwarz, Ma(). Pharm. 10, 193 ; 19, 168 ; Feh- 
ling, A. 38, 2711 ; Dobraschinskv, J. Ph. [4] 1, 
319 ; H. JIcckurls, C. C. 1885, 776). 

Anemouin Cj.iliaOe. [150'^ j. Trimetrio 
crystals ; sol. CHCI3, si. sol. alcohol and water, 
insol. ether. Keduces AgNOj.- PbOCijHjjjO,. 

Anemonic acid. Amorphous powder ; inaol, 
water, alcohol, and ether. 

Anemone-oamphor. Trimetrio prisma; un- 
stable. 

ANETHOL C.oH.jO i.e. 

CH,0.0,H4.CH:CH.CH3 [1:4]. Methyl p-prt). 
pmyl -phenol [21-3°]. (232°). S.G. 21 *987. 

1-6167 (Gladstone, C. J. 49, 623). 

77 97 (Nasini, G. 15, 93). S.V.S. 149*34. 





Owwfwetf.— In oil <rf ^ (from Pim^ 
nella anisnm) together with a terpene, in China 
or star anise (from Ulicium anisatum^^m fennel 
(Anethum fomicuhm), and tarragon [Artemisia 
Dracunculus) (Laurent, Eevite Scient 10, 6; 
Gerhardt, A, 44, 318 ; 62, 401 ; Cahours, A. Ch. 
[8] 2, 274). 

Foi'viation. — Together with COj when 
CH80.C,H,.CH;C(CIIO.CO,H is heated (Perkin, 
a J. 32, 060). 

Properties. — Plates; v. si. sol. water, v. e. 
sol. alcohol and ether. Easily polymerised. 

Peactioiis. — 1. Oxidation produces anisic 
aldehyde, anisic acid, and acetic acid (Hcnipel, 

A. 59, 104). — 2. Alcoholic potash produces 

OjglljsOa [87°] and [1)5°] ; the latter 

forms an acetyl derivative [10°] (Landolph, B. 
13, 147; C. li. 81, 97; 82, 22G).— 3. Nitrosyl 
chloride produces CBH^(OMe).CsH^NOCl which 
reduces to CyH^(OMe).C8n,.NH2 (Tonnies, B. 12, 
169).-- 4. Nitrous acid produces two bodies: 
C,H,(OMe).C3H,N,0:. and C«H^(OMe).C3H3N.A 
[97°]. The former may be reduced to 
C,H,(OMe).G..H,(OTI)NHJlCl, the latter to 
(CH30.C,H,.C,ri3).,N,03 (?) (T., B. 13, 1845).— 

5. Boron fluoride produces C^H.OMe, and a 
liquid C„H,„0 (c. 227°) (L., C. It. 86, 601).— 

6. HI at 260° forms C^H,e (150°) and 

(210°) (L., C. It. 82, 819). — 7. PCI, forms 
C,oH„C10, [-3°], (229 ), S.O. ^ 1-191 

(Landolph) ; Ladenburg gives different proper- 
ties for chloro-anethol, viz. ; [6°], (258°), S.G. 2 
1-125.-8. Br forms C,oH,,Br,0, [65°] (Laden- 
burg, A. Snppl. 8, 87 ; Z. [2] 5, 576). 

Anethol - tetrahydride CioHi^O. Anetliol- 
camphor. [190°-193°]. Has a camphor-like 
smell. Formed together with anisic aldehyde 
by the oxidation of anethol wdth HNO;, (L.). 
Smells like camphor. On oxidation with K^Cr^O, 
it gives an acid which iOrms long needles of melt- 
ing point [175°] (anisic acid?). 

Anethol - hexahydride C,„H,80. Anethol- 
borneol [19°], (198°). Formed together with 

an acid by heating anethol - tetrahydride with 
alcoholic KOH (L.). Long slender needles. 
Insol. KOIIAq. 

Anethol dihydride = Afc/7iyZ-PiiopYL-pnENOL. 
Anethoin (0,jr,,0)„. Anisoin. [140°-145°]. 
From anethol by shaking with a little TLSO^ 
or (C.), or by the action of ynCl, (Gerhardt, 
jr, pr. 36, 267), I in KIAq (Will a. lihodius, A. 
66, 230) or BzCl (Kraut a. UeJsmann, J.pr. 77, 
A90). Prepared by distilling oil of anise with 
^^nc. H„S04. Needles (from ether) ; insol. 
water and alcohol. Decomposed on distillation 
into liquid metanethol and solid isanethol. 

Metanethol (C,„H,20)„. [132°\ (above 300°). 
Prepared by heating ancthof' (210 g.) with 
ZnCl, (750 g.) in a copper retort; in a few 
minutes white fumes appear in the receiver, 
superheated steam is then passed into the re- 
tort; the metanethol then passes slowly over. 
The yield is 5 to 10 p.c. (Perrenoiid, A. 187, 63). 
Silky needles (from ether). Not volatile with 
steam at 100°. 

Metanethol sulphonic acid 
(C,„H,i(SOJI)0)n. Formed by cone. HjSO* in the 
cold. Salts. — CaA'^aq: lamina?.— BaA'^. 
Chloride C,^„(S0,C1)0. [183°]. 
liquid metanethol (C,flH,jO)„. (233°). 

B. G. ** *971. Formed by distilling anethoin 


(Kraut a. Bemuii« JV; 1868, 869) ; and by dlfr> 
tilling anethol with KnClj. Converted by cone. 
H.jS04 into anethoin. At 820° it partially 
changes to isanethol. 

Sulphonic acief .— (C,oH,|(SOsH)0), (Ger- 
hardt, .7. 36, 275). Salt.— CaA'2aq : gummy. 

Isanethol (C,oH,20)„. A viscid mass left in 
the retort when anethoin is distilled; cone. 
H2SO4 converts it into anethoin. 

ANGELICA, OIL OF. The seeds of Angelica 
archangelica yield an essential oil (S.G. 2 *872 ; 
[o]n 13° 8') containing a terpene, C,„H,c, (175°), 
S.G. 2 -833, [a]i, = 12° 38'. The rotatory power 
of this terpene is reduced to 4*" 52' by heating 
for 432 hours at 100° ; it is readily polymerised 
and easily oxidised (Naudin, C. It. 93, 1146). 
The essential oil also contains methyl-ethyl- 
acetic and oxymyristio acids (R. Muller, B. 14, 
2476). The roots of Angelica archangelica yield 
an essential oil (S.G. 2 *875) containing a ter- 
pene (166°), S.G. 2 -870, [a] = 2° 50'. This 
terpene polymerises readily under the influence 
of heat or sodium (Naudin, C. It. 96, 1152 ; Bl. 
[2] 39, 406). 

ANGELIC ACID C HhO.^ i.e. 
CH2:CH.CII(CH,).COji. Pentenoicacid. Mol.w. 
100. [45°]. (185° i.V.). 

Occurrence. — In the root of Angelica 
archangelica (Buchner, A. 42, 226). Oil of 
chamomile [Anthemis nobilis) may bo separated 
by fractionating into isobutyl isobutyratc, iso- 
butyl angelate, amyl angelate, and amyl tiglate; 
the residue contains hexyl tiglate and antliemol, 
C,oH,aO (Kobig, A. 195, 95). Angelic acid is 
formed, together with laserol by heating lascr- 
pitin with alcoholic KOH (Foldmann, yl. 135, 236). 

Preparation. — 1. Angelica root (50 lbs.) is 
boiled with lime (4 lbs.) jyid w'ater, and the 
filtrate acidified with H2SO1 and distilled (Meyer 
a. Zenner, A. 55, 317).— 2. Oil of chamomile is 
saponified by alcoholic KOH (Kopp, A. 195, 81 ; 
Pagcnstecher, A. 195, 108 ; Beilstcin a. Wiogand, 
B. 17, 2261). — 3. Sumbul or moschus root con- 
tains a resin which when boiled with alcoholic 
KOH yields angelic and mctliyl-crotonic acids 
(Reinsch, Jahrb. pr. Pliami. 7, 79 ; E. Schmidt, 
Ar. Ph. [3] 24, 528). 

Monoclinic prisms or needles; 
si. sol. cold water, v. sol. hot water, alcohol, and 
ether. 

Reactions.—l. Hydriodic add at 190° re- 
dudes it to valeric acid (Aschcr, Z. [2] 6, 217). — 
2. Potash-fusion produces acetate and propionate 
(Deniar<;ay, C. It. 80. 1400).— 3. Bromine forms 
a dibromide [86°]. — 4. Cone. H2SO4 converts it 
into tiglic acid.— 6. KMnO, gives CO,, and alde- 
hyde (B. a. W.). 

Salts. — BaA'jd^aq; crystalline mass. — 
CaA'2 2aq : long needles, much more soluble in 
cold, than in hot, water. — AgA': feathery 
crystals, s!. sol. water.— PbA'j : crystals, si. sol. 
water. 

FAhyl-ether.—'Eik!. (141*5°). S.G.2-933. 

Isobutyl ether (177°). 

Isoamyl ether C,H,,A'. (201°). 

Anhydride (0jH,0)20. Oil (Chiozza, 
A. Ch. [8] 39, 210). • 

Ilydriodide CH,.OHI.Cn(CH,).CO,H. 
[46°]. lodo-valeric acid. Prisms. Formed by 
very cone. HI. 

Constitution^ Angelio acid is isomerie with 





g|]yli4M«ti<)Abid,C^:OH.C]^.OHs.OOA 
drotonio' or tigUo acid CH,.OH:G(OH,)»OOsH, 
/8-i9-di- methyl -acrylic acid (CH,)20:CH.002H 
(Uetinoff, pr. [2] 34, 484), propylidene- 
acetic acid, CH,«CH2.0H:GH.C02H, and tetra- 
methylene carboxylic acid. 

The same valeric acid, (173’-175° uncor.), 
B.G. ^ *941, is formed by reducing the hydriodides 
of angelic and of tiglic acids by Zn and H-SO^. It 
is probably CH3.CH2.CH(CH,).GOJI (Schmidt, 
B. 12, 252). Angelic acid changes when long 
kept, or when treated with AgNOj, into tiglic 
acid, and hence the two acids have probably the 
same carbon skeleton. The hydriodide of angelic 
acid is, however, different from that of tiglic 
acid, CH,.0H2.CI(Cn3).CO2H. This would be ex- 
plained by assigning to angelic acid the formula 
CH2:CH.CH(CH3).C0..H, its compound with HI 
being CH3.CHI.CH(CH.,).CO,n. The latter iodo- 
valerio acid is not for 

it gives no lactone on neutralisation with NaXOa, 
but butylene CH3.CH:CH.CH3 (Fittig, A. 216, 
161). An alternative formula, CH.MCEt.CO.H, 
would form with III either CHJ.CIIEt.CO.jH or, 
more probably, CH3.CIEt.COJI; sodium car- 
bonate would convert the latter into an oxy-acid, 
or back into angelic acid, while the former would 
give the butylene CII.iCH.ClE.CHa. 

ANGELICO-BENZOIC OXIDE C,2H,A i.e. 
CsHyO.O.Bz. From potassium angelate and BzCl 
(Chiozza, A. 80, 200). Oil. 

ANGELICO LACTONES. C,HA. jS-acetyl- 
propionic (levulic) acid splits up on distillation 
into H.;0 and a mixture of these lactones, transi- 
tion compounds being doubtless the two iso- 
meric oxy-acids Cll3.C(OIIj:CH.CH.,.CO.,H and 
CH2;C(0II).CTL.Cn,.'C02H. They are dried oyer 
K.2CO3 and separated, by fractional distillation 
(Wolff, A. 229, 249 ; D. 20, 425). The (a) lactone 
is converted into the {&) modification by com- 
bining it wth IICl and distilling the product. 
Both lactones combine with bromine, and both 
are changed to )S-acelyl-propionic acid by boiling 
with water or by treatment with cold aqueous 
baryta. This reaction is easily explained, for 
the oxy-acids CH3.C(OH);CH.CH .CO.,H and 
CH2:C(0H).CH.,.Cir,.C0.2H into which the lac- 
tones should be converted, would both change (by 
Erlenmeyer’s rule) into CH3.CO.CH.MCH.J.CO.JI. 

{ayAngelico-lactone CH3.C:Cn.Cli,.C0.0 

[18°]. (168^). V.D. 3-6. S. 6 at 16°. Is also formed 
by the action of water on the bromide of 
i3-bromo-j8- acetyl -propionic acid. Colourless 
neutral liquid, gradually turns yellow. It has a 
pleasant odour and bitter taste. At 0° it solidi- 
fies to white needles which are not liygroscopic 
and are volatile. The lactone dissolves in most 
Bolvents. It is separated by K2CO3 from its 
aqueous solution. If left a few hours with cold 
water the liquid becomes acid. • 

Eeactions. — 1. NH, converts it into /3-acetyl- 
propion-amide. — 2. Combines with bromine in 
eSa forming the lactone of di-bromo-oxy-valeric 
acid (g. v.). — 3. Combines with IICl forming the 
lactone of chloro-oxy- valeric acid [q. r.)! 

{fi)’Angelico-lHLctcnie CH2:C.CH2.CH,2.CO.O. 

E at 760 mm. (84°) at 25 miiT^srars 1-1084. 
rless neutral liquid. It does not solidify at 
15°. It is partly converted into its (a) homer- 


ide every iima ii is distilled under atmospherio 
pressure. Miscible with water, has a pleasant 
odour. May bo left for 4 hours with cold water 
without production of an acid. 

Reactions,—!. Boiled with water it is very 
slowly converted into levulic acid. — 2. Combines 
with bromine in CSj.— 3. Does not combine with 
HCl. 

ANGELTL. The radicle C5H7O. Also ap- 
plied by Hofmann to monovalent PentenyIi 
\q. u.). 

AN6USTURA OIL C^Ha.O. (266°). S.G. 
•9.3. Obtained by distilling true Angustura 
h&rV {Cuspariafehrifuga) with steam (Herzog, J. 
1858, 444). The bark contains also cusparine 
and gasi peine (7. v.), 

il^HYDBIDES. — Oxides which react with 
water to form acids {q. v.), or are obtained from 
acids by withdraiuing water ^ or which react 
with basic oxides to produce salts : e.g. 

SO3 + H..0 - H,804 ; 2Hx\ 03 - H..d = N2O3 ; 

SO., + BaO = BaSO, ; CrOa + Bad - BaCrO^. 
Solutions of anhydrides in ether or other liquid 
quite free from water do not exhibit an acid 
reaction towards litmus. The greater number 
of the oxides of non-metals are anliydridcs ; the 
metallic oxides which belong to this class are 
usually those containing the greatest quantity 
of oxygen relatively to the metal. The more 
negative the character of an element the more 
do the lower oxides of that element exhibit the 
properties of anhydrides ; the most positive 
elements do not form anhydrides. Metallic 
anhydrides do not, as a rule, produce acids by 
reacting with water, but most of them may be 
obtained from the corresponding li} tlrated oxides, 
having feebly-marked acid characters, by the 
action of heat; e.g. Nb.Dj, PtO, PtOj, TiOj, 
SnO.^, Ac. The formation of salts from these 
anhydrides is usually accomplished by fusing 
them with more basic oxides or hydrates; e.g, 
Ta._.05 + K.X) (fused) - K.Ta^On ; in some cases the 
metallic anhydride dissolves in strong aqueous 
potash or soda to form a salt ; e.g. 

Au.Da + 2K011Aq - K.Au.^O^Aq + 1 EO. A defi- 
nite connexion can bo traced between the posi- 
tion of an element in the classilicatory scheme 
founded on the periodic law and the existence 
or non-existence of anhydrides containing that 
element (v. Oxides; also Classification; and 
Pekiodic Law). 

As a broad rule the anhydrides of the poly- 
basic acids may bo obtained from these acids by 
the action of heat (the anhydrides art/ usually 
the final products, before they are reached new 
acids are produced), but this rule has excep- 
tions; e.g.y P.Dj^^annot be obtained by heating 
IIiPO^. The anhydrides of monobasic acids are 
usually obtained indirectly, often by the action 
of an acid cldoride on a salt, e.g. ClCl -f- HgClO = 
HgCl-i- CL.O (this mi lliod is largely used in pre- 
paring organic anhydrides, v. next article) ; those 
anhydrides are sometimes obtained from their 
acids by withdrawing water by the action of 
dehydrating agents ; e.g. 2HN08 + 

NjOj + P3O5H.P. A few anhydrides are produced 
by heating salts of the corresponding acids ; ejg. 
FeS04 when heated in air forms Fe^S.p, and 
this on further heating gives FoaO, and 280,. 

Besides their characteristic reactions with 
water and basic oxides, many anhydrides combine 
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with nonnal salta to produce *aoid* salts 

Salts); KaOrO^ + CrO.^KaCraO,. 

WOj^^WaO,. Many of the non- 
inetallic anhydrides combine with their own or 
other acids to form new acids ; e.g. the follow- 
ing compounds are thus produced, (HN 03 ).,Na 04 , 
HaSO.SOa, HCISO 3 , HS 0 ,N 03 , (fee. A few an- 
hydrides react \vitli basic oxides to form salts not 
of their own but of other acids ; e.g.^ NoO reacts 
■withNa.jOoAq to produce NaNO.Aq (not NaNO) ; 
such anhydrides seem to be obtainable, indirectly, 
•from more than one acid, thus N.^ is got by 
heating HNOAq or by heating solid NH^NOj. 

Most anhydrides may bo regarded as con- 
stituted of two or more acid radicles united by 
oxygen atoms; on this view such formuloB as 
these would be applicable:— NO^.O.O.^N ; Cl.O.Cl, 
<fec. The mutual relations between acids and 
anhydrides are repeated to a great extent in the 
relations of basic hydrates, or hydroxides, to 
their oxides ; e.g. Fe^OgHa when heated yields 
SHgO and Fe^Oa; CaO when added to H^O 
produces CaOoH 2 , Ac. 

At one time the name anhydride included 
both base-producing and acid-producing oxides ; 
then the former class was distinguished as 
basic-anhydrides ; but now the name is almost 
universally employed with the meanings given 
to it in this article. The following are the best 
marked anhydrides containing metals:— Sb.,Oa, 
SbA; AsA, A.s.,0,; (?BiA); GrO^; (?I)iA); 
AuA; Ir-A; BbO,,; MnO..; M 0 O 3 ; Nb'A; 
4)sO,; rtO, FA; Ta-Al SnO, SnO..; TA; 
WOa; UOa; y.p,, VA; ZA- The sulphides, 
or hydrosulphides, of certain elements react with 
the anhydrides of thio-acids; As^Sj dissolves 
in KIISAq to form KAsS^-Aq, but the acid corre- 
sponding to this thio-arsenitc is unknown ; again, 
WSj dissolves in KHSAq to form K.Wy,Aq, 
W'hich reacts as the potassium salt of Ihio- 
tungstic acid (H„WS,), which acid has not itself 
been prepared. The thio-acid corresponding to 
iihe thio-anliydride SnS._j, viz. ASnSj, has been 
prepared ; CS.^ again is the thio-anhy Iridc of 
thio-carbonic acid IIoCS^. It is not, however, 
customary to apply the term anhydride to any 
sulphides even when an acid, or a series of 
salts, can bo obtained from them. M. M. P. M. 

ANHYDEIDES, OEGANIC. The anhydride 
■of an organic substance is a body derived from 
it by elimination of w^ater. The water may be 
derived from one molecule, or several molecules 
may become united in the process ; in the latter 
-case * Ctndensation ’ is said to take place a 
term which is also used when closed chains are 
produced. A molecule of water may be derived : 

A. From two carboxyls. 

13. From one carboxyl ana one hydroxyl. 

C. From two hydroxyls. 

D. From one hydrogen and one hydroxyl. 

E. From carboxyl and amidogen. 

F. From carbonyl and amidogen. 

G. From hydroxyl and amidogen. 

A. Fkom two Cauboxylb. 

Acid Anhydrides. 

Formation,—-!. On application of heat most 
inonocarboxylic acids distil undocomposed, while 
di-carboxylic acids in which the carboxyls are 
attached to adjacent atoms of carbon give 
anhydrides, e.g. 


0«®*<W:OH-0*S*<00>0+®»0- 
carboxyls are attached to the same atom of 
carbon, CO, is split off : 

ch 3 .ch(co,h), = cH,.CH,.co,;a + co,. 

2. Anhydrides of monobasic acids are got 
by the action of acid chlorides on alkaline salts 
(Gerhardt, A. Ch. [S] 87, 285). Mixed anhy- 
dridcs of monobasic acids may be got in the 
same way. Instead of the alkaline salt the free 
acid may be used (Linnemann, A. ICl, 169). 
An acid heated with its chloride gives its anhy- 
dride in the following cases amongst others: 
acetic, trichloro-acetic, butyric, benzoic, and suc- 
cinic acids. Acetyl chloride healed with dibasic 
acids gives anhydrides of the dibasic acid in the 
following cases amongst others (a mixed anhy- 
dride is perhaps first formed) : succinic, chloro- 
succinic, bromo-succinio, maleic, acetyl-malic, 
diacetyl tartaric, diacetyl racemic, citraconic, ita- 
conic, camphoric, phthalic and diphenic acids. 
These anhydrides of dibasic acids readily absorb 
water from the air forming the corresponding 
hydrates, from which, however, they may be 
separated by chloroform which dissolves the an- 
hydrides only. Benzoyl chloride acts like acetyl 
chloride. In neither case are mixed anhydrides 
formed. 

Acetic anhydride at 120°-150® also converts 
dibasic acids into their anhydrides, e.g. ; 
succinic, camphoric, phthalic, and diphenic acids 
(Anschutz, A. 220, 12). 

3. Anhydrides are also formed by the action 
of lead nitrate on acid chlorides (Lachowicz, B, 
17, 1281), e.g. : 

2AcCl + Pb(N 03)2 = Ac.fi + PbCI, + NA- 

4. By passing phosgene over heated salts 
(Hentschcl, B. 17, 1285) : 

2NaOAc 4 COCl, = A6,0 + 2NaCl + CO,. 

5. By warming the chlorides of tlie acids 
with dry oxalic acid, e.g. 2Ph.COC1 -t- 1 IA 04 « 
(Ph.C0)..0 }• 2nCl + CO, -I- CO (Anschiltz, A. 220, 
14). 

Reactions. — 1. Simple anhydrides may 
usually he distilled or sublinied, but mixed 
anhydrides such as BzOAc are split up by heat 
into two simple ones: 2Bz0Ac = Bz,0 f-AcA — 

2. They are insoluble in water, but slowly con- 
verted by it into the corresponding acid ; a con- 
version that is more rapidly elTcctcd by alkalis. — 

3. Alcohol iovm% ethyl ethers of the corresponding 
acids.— 4. Ammonia forms an amide and an am- 
monium salt: Ao,0 + 2 Nll 3 = AcNH,-f ACONH 4 , 
or, in the case of anhydrides of dicarboxylio acids, 
an amioacid. — 5. Sodium-amal(jamrc^ncc% them 
to aldehydes and alcohols (Linnemann, A. 148, 
249). - 6 . PCl;j forms POCls and acid chlorides. — 
7. Heated with NaOAo in sealed tubes at 200® 
some anhydridca yield ketones (Perkin, C, J» 
49, 325) : 

• CIl 3 .C 0 ,Na+(CH 3 C 0 ), 0 - 
CH,.CO.CH., -f CO, + CA.CO^Na. 

CH 3 .C 0 ..Na-f(CsH,c 6 ), 0 » 
C 3 H,.C 0 .CH 3 + CO, C,II,.CO,Na. 
Intermediate addition-products, such as 
CH 3 .C(^.C 0 .C 3 H,) 3 .ONa, are perhaps the cauM 
of this reaction. « 

B. From Htdroxtl and OarooxtIi. 

This is the ordinary prooess of etherifioation : 

BtOH + CH,.C03H « H 3 O + CH,.CO.OBt. 



AlSOTBRO-NAPATHOt SCLPHONIO ACID. m 


Wlien lijdrox/1 and carboxyl are both present 
in the same molecule, spontaneous etherifica- 
tion may take place, the reaction taking place 
between two molecules, as in the formation of 

laotide, ^<C.coSMe^^’ lactic acid 

HO.CHMe.COaH, or by 'splitting off water from 
one molecule, e.g. 

CH3.CH(0n).CH,.CH2.C0,H =- 
CH3.CH.CH2.CH,.C0.0. 

I I 

In the latter case the alcoholic part of the mole- 
cule etherifios the acid part, and the product is 
called a lactone (v. Lactones). Hydroxyl in tlio 
y and 5 positions gives rise to lactones. 

C. From two HYnnoxYna. 

The elimination of Avater between two 
hydroxyls in different molecules produces an 
oxide or simple ether. The result is brought 
about by first forming an intermediate com- 
pound, e.g. : 

Eton + H.SO, = EtO.SO^H + 11,0 
EtO.SO,n + KtOII = EtdEt + H,SO< (u. Etheii). 
When two hydroxyls are attached to one atom 
of carbon they usually split off water spon- 
taneously, producing carbonyl. 

Two hydroxyls attached to contiguous atoms 
of carbon may give rise to an oxide or internal 
ether, an intermediate body being first prepared, 
e.g. 

HO.CH,.CH.,OH + HCl - C1.CH.,.CH..0P1 + H.0 
C1.0H,.CH,dH + KHO = CHj.CH, + KOI f 

V 

D. From one Hydrooen and one Hydroxyl. 
Water can be cHminated by the union of 
hydroxyl with hydrogen when they arc attached 
to adjacent atoms of carbon. This readily 
occurs with /3-oxy acids, e.g . : 

OH,(OH).CH,.CO..H = H..0 4 CII..;CTi.CO,n. 
C„n,.CH(bH).CH,.CO.,H = 

H,0 4- CJIs.GH'.Cn.Cb.H. 

E. From Carboxyl and Asitdogen. 

Water can be formed cither from the hy- 
droxyl and hydrogen, e.g, 

^c.n.<co>co 

or from the oxygen of the carbonyl and hydrogen: 

Compounds resulting from the first mode of 
dehydration are called lactams, those resulting 
from the second mode of dehydration being 
termed lactims. 

It is very difficult to say which formula best 
represents a given compound ; Baeycr considers 
that the arrangement represented by the lactim 
is the more stable, but that before ifndergoing 
chemical reactions it usually changes to the 
transition or labile condition represented by the 
lactam. The prefix pseudo is frequently applied 
to distinguish a lactam from a lactim. In the 
aromatic series the elimination of waiter takes 
place spontaneously when the two side-chains 
are in the ortho position, and when the condensa- 
tion oan produce a ring, containing 5 or 6 atoms. 

Thu. 


oondenws to O.H.<’S ^ while 

“®‘ produo. on 

anhydride. 

F. From Carbonyl and Abiidogen. 

The case in which carbonyl forms part ol 
carboxyl has already been montioned. 

Mono-alkoyl-o-diamines and o-amido-alkoyl* 
phenols exhibit a tendency to sidit off water and 
form Anhydro compounds^ e.g. 

+ 0.n,<™>C.CH, 

(Hiibncr, i.208, 278; 200,3.39; 210,328). Tho 
first class of compounds may bo viewed as 
amidincs. These anhydro-compounds are formed; 
(1) From aromatic alkoylamides or alkyl phenols 
by nitration and reduction with tin and glacial 
acetic acid. (2) From [1:2] amido- (or oxy) 
nitro-compounds by heating with acid chlorides 
or anhydrides, and reducing the product. (8) 
From o-diamines or o-amido-phcnols by heating 
with acid chlorides or anhydrides. 

G. Frobi Hydroxyl and Amidogen. 

Alkyls can be introduced into amidogen by 

heating an amino with an alcohol or phenol, 
especially in presence of dehydrating agents: 
thus aniline boiled with (j8)-naphthol gives 
phenyl -{j3) -naphthylaraine. 

ANHYDRO-ACET-DI-AMIDO-BENZENE v, 

EtHBN YL-PHEN YLENE-DIAMINB . 

ANHTDRO - AGET - DI - AMIDO - BENZOIO 
ACID V . Ethenyl-di-amido-benzoic acid. 
ANHYDEO-ACETYL- v. Etttenyl-. 
ANHYDRO-DI-ACETYL-ACETAMIDIL v, 

Acetamidtne. 

ANHYDRO-DI-ACETYL-ACETAMIDINE V, 

Acetamidine. 

ANHYDRO - 0 - AMIDO - PHENOL - ACETO - 
ACETIC ETHER v. Propenyl-o-abiido-phbnol «- 
carboxylic etrer. 

ANHYDRO - AMIDO - FHENOXY - AGETIO 
ACID V. Glycolltc acid. 

ANHYDRO-AMIDOTOLYL-OXAMIC ACID 
V . Di-oxy-methylqginoxaline. 

ANHYDRO-ATROFINE v. Atropyl-tbopein. 
ANHYDRO-BENZ- v. Benzenyl-. 
ANHYDRO-BENZ-DIAMIDO-BENZENE r. 
Benzenyl-phenylene-diabiine. 

ANHYDRO-BENZ - DIAMIDO - TOLUENE t). 
Benzenyl-tolylene-diabiine. 

ANHYDRO-BENZ-DI-AMIDO-TOLYIC ACID 
V. Benzenyl-phenylene-diabiine carboxylic acid. 

ANHYDRO-BENZOYL- v. Benzenyl-; or 
named as deriwitives of benzamitline. 

ANHYDRO^ BENZOYL - AMIDO-DI - TOLYL- 
AMINE V . Benzrnyl-tolyl-tolylene-dumine. 

ANHYDRO - CHLORO - FORMYL - AMIDO - 
PHENYL MERCAPTAN v. Giiloro-methenyl- 

AMIDO-PHENYL MERCAPTAN. 

ANHYDRO-CINNAMOYL- v. Cinnamenyl- 
ANHYDRO-TRI-ETHYL-SULFHAMIC ACID 

V. Tn-ETHYL-AMINE. 

ANHYDRO-FORMYL- u. Methbnyl- or 
named as derivatives of formomidine. 

ANHYDRO-GLYGOLYL- v. Oxy-ethenyl-. 
ANHYDRO-LUFININE v. Lupininb. 
ANHYDRO-NAFHTHOL SULPHONIO ACID 
V , Naputhol-sulphonio acid. 





AliatSld . OXU'^ . Altib - FHElrtl. 
IiaEaAWASo;fl,N,S,i.e. 

®A<g V-0<^>CA- [a'w’it SOO”]. 

Formation,--!. By heating amido-phenyl 
mercaptan with oxalic acid and PCla- — 2. By the 
Botion of the chloro-mcthonyl-amido-phenyl 
mercaptan on methonyl-aniido-phcnyl mer- 
captan. — 3. By heating chloro - mcthcnyl- 
amido-phenyl mercaptan with zinc.— 4. By the 
action of acetyl chloride or benzoyl chloride at 
160’’ on methenyl-amido-phcnyl mercaptan. 

Prevaratioyi. — 1. By heating acetanilide (5 
ts.) with sulphur (3 pts.) to boiling for 30 
ours ; yield 25 to 30 p.c.— 2. By leading (CN),^ 
gas into an alcoholic solution of amido-phenyl 
mercaptan. 

Properties . — Sublimable. Colourless glisten- 
ing plates. Nearly insoluble in all solvents ; 
dissolves best in toluene. Bitter taste. 

Peoctions.— By fusing with KOJI at 200° it 
is readily split up into amido-phenyl mercaptan 
and oxalic acid. On reduction with III and Pat 
160° it gives aniline and cthenyl -amido-phenyl 
mercaptan (Hofmann, B. 13, 1220). 

ANHYDRO - OXALYL - DI - PHENYLENE - 
TETRA-AMINE C,,H,,N^z.c. 

[above 300°]. From 

o*di-nitro-oxanilide, Sn, and glacial IIOAc (Hiib- 
ner, A. 201b 370). Yellow needles; insol. water, 
CSj, and light p.-troleum, m. sol. glacial HOAc, 
fll. sol. alcohol, ether and benzene. 

Salt 8.-B"2iICl 2aq.--B"H.,SO, 2ati. 
ANHYDBO-OXAIYL-DI-TOLYLENE-TETRA. 
AMINE 

[103°?]. Formed by healing oxalyl-di-tolylene- 
diamine to above 200° (Ilinsbcrg, B. 15, 2001). 
Or from di-nitro-di-lolyl-oxamide, Sn, and IICl 
(Iliibner, A. 200, 373). 

Salts.— B"HXl2.—B"(AcOn)2 ; glistening 
plates.— B'bH.^Sd^ 4aq : needles. 

ANHYDRO-PHENYL-ACETYL- v. Phenyl- 

■THENYL-. 

ANHYDRO - PHTHALYL - AMIDO-PHENYL 
MERCAPTAN C.oH.jN^S^ Le. 

OA<s>c-c.n.-c<^>c,H,. [112°]. 

Prisms or needles. Insol. water, sol. alcohol. 
Weak base. Prepared by heating amido- 
phenyl mercaptan liydrochloride witli phthalyl 
chloride. *“ Salts. — B'JICl : decomposed by 
water (B'HCl)..,PlOI^ : slender needles (Hof- 
mann, B. 13, 1233). 

ANHYDRO-PROPIONYL- v. raoPENYi,-. 
ANHYDRO-PYROGALLO-KETONE v. Hexa- 

OXY-BENZOPHENONE. 

ANHYDRO-SALICYL- v. Oxt-benzenyl-. 
ANHYDRO - SUCCINYL - AMIDO - PHENYL 
MERCAPTAN i.e. 

[187°]. 

Prepared by the action of succinaraide on amido- 
phenyl mercaptan. Colourless needles, Dis- 
aolves in acids forming unstable salts. Very 
stable towards reducing agents. By fusing 
with KOH amido-phenyl mercaptan is repro- 
duced. Salts.— B'HCl ; yellow needles, de- 
fomposed by water,— (B'H01)*Pt0l4; sparingly 


ik>labla spangl69i— BOSClAadg : yellow nleedlei 

(Hofinann, 18, 1281), 

ANHYDR0-8ULPHAMID0- n. Sulpho-. 
ANHYDRO - TOLD YL - DI -AMIDO-BENZSHB 

U. TOLUENYL-PHENYLENE-niAMlNE. 

ANHYDRO-TOLDYL-DIAMIDO-TOLUENBi^. 

Toldenyl-tolylene-diamine. 

ANHYDRO-VALERYL- v . Pentenyl-. 

ANIL- V. PlIENYL-IMIDO-. 

ANIL - ACETOACETIC ACID v. p. 19, 
Reaction 18, 

ANIL-BENZYL-MALONIC ETHER C^oHo.NO. 

1. e. GJl,.T^:C{C,B,).Cn{CO,Et)2- Formed 

by the action of ca:o-chloro-bonzylidcne-anilino 
C„Hj.CCl:NPh upon sodio-malonic ether (Just, 
B. 18,21)24). Large crystals; v. sol. alcohol and 
ether, iiisol. water. It contains a hydrogen atom 
readily displaceable by sodium. Heated with 
dilute IICl at 1 20° it is split up into acetophe- 
none, aniline, etliyl chloride, and CO^. By heat- 
ing alone to about 150° it eliminates alcohol and 
is converted into {Py. l:3:2)-oxy-phenyl-quino« 
line-carboxylic ether 

/C(OH):C.CO,Et. 

'\n — crh. 

Di-anil-benzyl -malonic ether C.,3n3uN,_j04 i.e. 
(PhN:CPli).X(CO.J‘’,t).,. Formed by the action of 
ej:o-chloro-bonzyliclenc-anilino upon tlie sodium 
compound of mono-anil-bcnzyl-mn Ionic ether (J.). 
Plates. By heating with dilute HCl or at 

120’ it is split up into benzoic acid, aniline, 
acetic acid, etliyl chloride, and CO.. 

ANILIDES.— Substances derived from acids 
by displacement of the hydroxyl by plionyl-ami- 
dogen (NHPli). They are usually described 
under the acids to which they belong. The term 
anilide may also be appli^*d more generally to 
phenyl-araides and phenyl-imidcs. 

Anilides of acids. 

Formation. -1. From aniline and acidclilor- 
ides : C,H,COCl + NPhH., = HCl + CJI,CO.NPhH. 

2. By boiling amides with the equivalent quantity 
of aniline until no more NH., comes off, and 
purifying by washing with ether (Kelbe, JB. 16, 
1199). X.CO.NIL + NPhH,. = X.CO.NPhH + NH,. 

3. In some cases, c.g. formic and acetic acids, 
anilides are formed by simply heating aniline 
with the dry acid [cf. Tobias, B. 15, 2860). — 

4. By action of aniline upon compound ethers.— 

5. By the action of aniline on acid anhydrides. 

• Prq2>cr/i<;s.— Solid crystalline substances, V. 
bI. sol. water. 

Split up into acid and aniline by 
boiling atjueous or alcoholic KOH, by heating 
with HCl in a sealed tube, or by heating with 
cone. HoSO^ at 100°. 

Anilides of phosphorous acid. 

Tri-anilide P(NHPh)3V. Aniline, reaef. 29. 

Di-anilide P(NHPh)2(OH). Prepared by 
heating » mixture of aniline (3 pts.) and PCI, 
(1 pt.), extracting with ether and ppg. with water 
(Jackson a. Menke, Am, 6, 89). White 
amorphous mass sol. alcohol and ether. 

A^des of phosphoric acid, 

Tri-dhiilide PO(NHPh)|. [208’J. From 
aniline and POCl, (Schiff, A.101,*302; Miohaelia 
a. Soden, A. 229, 335). Thin needles or six-sided 
trimetric plates (from alcohol). Insol. water, 
aqueous acids, or alkalis. Forms a hexa-broniQ 
derivative, [258°]. 



m aniUdr lP6(0ft WHP% [19r% 

ffrm Aniline (2 pis.) and POOl, (1 pU, tiie pro* 
duet being treated with water (M. a. S.). Insol. 
water. Saponified by water or aoidS) not by 
alkalis. 

Anilide of thio-phosphoric acid PS(NHPh),. 
[78®]. From PSClj and aniline (Chevrier, if. 
1868, 539). Insol. water. 

Anilide of arsenic acid AsO(OH) 2 (NHPh). 
Formed by heating aniline arsenate (B6champ, 
a B, 56, 1172). 

Anilide of boric acid B.ANPhH 2 (?). From 
ethyl borate and aniline. Decomposed by water 
(Sohiff, A. Suppl. 5, 209). 

' AKILIDO- V. PnENYL-AMIDO-. 

ANILINE 0„H,N i.e. C,H,NE,. Phenol- 
amine. Mol. w. 93. [-8°] (Lucius, D. 5, 154). 
(185® cor.). [Private coimmmication from 11. J. 
Friswell) ; (1837®) (Thorpe, C. J. 37, 221). S.G. 

S 1*0379 (T.). 1-0210 (BriUil); 1-0212 

(Friswell). C.E. (0®-10®) -000806; {6®-100®) 
*000925 (T.). (14®-25®) -000818 (F.). H.F.p. 
-17450 (Thomsen); 2747 (Kamsay). H.F.v. j 
-19100 (Th.). 1-6043 (B.). Bo) 49-83 (B.). | 

S.V. 106-37 (T.) ; 100-08 (11. Schitf, B. 19, 500) ; 
109*1 (Ilamsay). Vajtour pressure: Bamsay a. 
Young (C. J. 47, 047, 055). S. 5 at about 15®; 
the S.G. of the saturated aqueous solution is 
j[| 1-0023 ; 1-001. 100 pts. of a solution of 

water in aniline at 8® contain 4-6 pts. water 
(W. AlexejolT, B. 10, 709). Aniline saturated 
with water has S.G. 1-025 (Friswell). 

Formation. — 1. Di.scovored by Unverdovben 
[P. 8, 397) among the products of distillation of 
indigo, an(J called by him crystalline.—^. Be- 
discovored an coal tar by Bunge (P. 31, 05, 513 ; 
82, 331) and called by him cyanol.— S. Obtained 
by distillinh indigo (from indigofera ‘ A7iil ’) 
with potash! (Fritzschc, J. pr. 20, 453 ; 27, 153 ; 
28, 202) ail'd then first called aniline.— i. Ob- 
tained from nitro-benzeiie by reducing with 
ammonium jfulphido by Zinin [J. pr. 27, 149; 
36, 98) an(|^, called by him heiizida^n. Also 
obtained b)^/jfeducing nitro-benzene with other 
agents: and IICl (Hofmann, A. 55, 

200), ferrouB^celate (Bochamp, A. Ch. [3] 42, 
186 , aqueoiWl^SoOs and NaOH (Wohler, A. 102, 
127), zinc and water (Krcmer, J. pr. 90, 
255). — 5. In.^^|feprd’a animal oil (Anderson, A. 
70, 32).— 0. distillation of amido-benzoic 

acids (Hofn^lai a. Muspratt, A. 53, 221).— 

7. By distilLw^;:isatin with potash (Ilofmaan, 
A. 53, 11).— bp di-phenyl-urea or di-phenyl- 
thio-urea byi ^ of PjO^, zinc chloride, 
or HCl (HofitesW, Pr. 9, 274): CO(NPhII),,= 
NPhH2-fCO:iJfJ^^9. Among products of dis- 
tillation of J. Ph. [3] 30, 319).— 


10. By hcati; 
with BodamidiVij 

11. By the act;] 
benzamide (H< 
phenol, and N. 
amine by hei 
ammonia, Zn(’ 
addition of Nl^ 
diphenylamine i 
The best yieldtj 
diphenylamine) 
phenol with 4 pt! 
under pressure ( 
Together with di 



issiiun benzene sulphonato 
;son a. Wing, B. 19, 902).— 
^Br in alkaline solution upon 
, B. 18, 2737).-a2. From 
) Together with diphenyl- 
menol with zino-chloride- 
ll,, at 300° to 350®. The 
linishcs the quantity of 
proves the yield aniline. 

p.o. aniline and 15 p.c. 
itained by heating 1 pt. of 
,(NH3)3C1 .j and 4 pts. NH^Cl 
0®-340® for 20 hours.— (6) 
lylamine by heating phenol 


m 

and ISnO; also in thii 
ci^ aheieess bl N^Cl diminishes the quantify 
of secondary amine formed. The best yields 
(o. 55 p.o. aniline and 20 p.o. diphenylamine) 
are obtained by heating 2 pts. phenol with 
2 pts. ZnO and 3 pts. NH,C1 at c. 330® for 
20 hours under pressure. — (c) About the same 
results are obtained by substituting Zn(NH8),^Bra 
NrijBr for the chlorides in [a] and (b ). — 
(d) Together with diphenylamine by heating 
phenol with NH,C1 and MgO. A yield of 
45 p.c. aniline and 20 i).c. diphenylammo was 
obtained by heating 20 pis. phenol with 8-8 pts. 
MgO and 24 pts. NH,Cl for 40 hrs. at 340®- 
350°. — (e) Small quantities of aniline and diphe- 
nylamine (c. 4 p.c. aniline and 15 p.c. diphenyl- 
amine) are formed by heating ))henol (1 pt.) with 
NIl^Cl (2 pts.) alone, at 370®-400® (Morz a. 
Muller, B. 19, 2901). — 13. Diphenylamine heated 
with cone. HCl at 320® yields small quantities of 
aniline and pheno^ . 

Preparation. — By reducing nitro-benzene 
with iron filings in prtisence of a small quantity 
of hydrochloric or acetic acid : 

dPhNO., + 4H,0 + OFo = 4PhNir , + SFe^O,. 
Nitrobenzene (100 pts.), water (40 pts.), iron 
borings (25 pts.), and HClAq (9 pts.) are mixed 
in a cast iron vessel and the reaction started hy 
admission of steam ; more iron borings (90 pts.) 
are then slowly added. When the reduction is 
complete, lime is added, and the aniline (07 pts.) 
distilled over with steam. Pure aniline is beat 
prepared from pure benzene. Aniline may be 
purified by conversion into its acetyl derivative, 
rccryslallising this from water, and saponifying 
it with alkalis or acids. Aniline phosphate is ' 
less readily soluble in water than o-toluidine 
phosphate (Lowy, C. J. 40, 40). 

Properties. — Colourless oil; si. sol. water, 
miscible with most other menstrua. Turns red 
in air. Soluble in aqueous solutions of aniline 
hydrochloride. Its aqueous solution does not 
change the colour of red litmus or yellow tur- 
meric but it changes the violet colour of dahlia 
to green. Congo red may also be used as an 
indicator (Julius, S. C. I. 9, 109). Aniline pps. 
ferrous, ferric, aluminium, and zinc, hydrates 
from their salts ; it forms double salts with 
PIC1.„ AuCl.,, HgCl 2 , SbClj, and ISnCl^. It gives a 
brownish pp. with tannin. It coagulates al- 
bumen. Potash, soda, and lime expel aniline 
from its salts. NH., is expelled when aqueous 
ammonium salts are boiled with aniline, but 
aniline is liberated when NH^ is add^l to cold 
aqueous solutions of its salts. 

l)ctectio7i.—l. Very dilute aqueous solutions 
give a violet colour with bleaching powder ; the 
colour is destroy^, i by shaking with ether (Bunge), 

2. Extremely dilute aqueous solutions treated 
successively with bleaching powder and a drop 
of ammonium suljdn'de give a rose colour (Jac- 
quemin, Bl. [2j 20, 08).— 3. A solution of aniline 
in cone. mixed with a little solid K^Cr^O, 

gives after some time a splendid blue colour; 
the reaction is hastened by gently warming 
(Beissenhirz, A. 87, 376).— 4. If a drop of 
CuSO^Aq is added to an aqueous solution of 
aniline an apple-green crystalline pp. is formed 
even if the solution is very dilate ; in extremely 
dilute solutions a green coloration is produced 
(Friswell). 



di-phen 7 l.thi 0 .iim (Hbeitretn Eaohler, A, 
166,142). 

21 . Carbon Utrahromide forma diphenyl. 71 - 
amido-benzamidine hydrobromide 
PhNH.C(NPh).C,.H 4 .NHjjHBr (Bolas a. Groves, 
A. 160, 174). CC1| acts similarly (Hofmann, Pr, 

9, 284). 

22 . Cyanogen forma a ‘ cyan-aniline * 

{C„H,NH,).,aN„, [210°-220°] (Hofmann, A. 66 , 
129; 73, 180 ; B. 3, 763). Insol. water, si. soL 
alcohol. Boiling acids decompose it into phenyl- 
oxamide, di-phenyl-oxamide, oxamido, aniline, 
and NHj. Nitrous acid produces a base 
C„H,,NA (Senf, J, pr. [2] 31, 543). Salta of 
Cyananiline: B"2HC1. — B"n^PtCl«. — 

B"2HAuCl^.— B"2HBr.~ B '2HNO,. 

23. Chloride of sulphur diluted with CSj 
forms tri-phenyl-guanidino (di-phenyl thio- 
urea being first formed, Claus a. Krall, B, 3 , 
527 ; 4, 99). 

24. Heated with persulphocyanic 

gives phenyl-thio-biuret. . 

25. Carbonyl chloride, COGl^, gives ^i.phenyl- 

urca. I ^ 

26. Gascons cyanogen chloridciorms^’j^^^^’^QYivh 

guanidine (melaniline) ; in presence-^ ^ water 
forms aniline black. phenyl-urea is formed (Hofmann, A 130)» 

10. Strong 7utric acid violently attacks CyCl passed into an ethereal solutif'^j^ ’forma 

aniline; picric acid is among the products, phenyl cyanamide (oyananilide, Qi'aiiours a. 
Aniline nitrate dissolved in a large quantity of Cloez, 0. B. 38, 354). Solid chloride ■: U cyanoge 7 V 
HjSO^ produces wz-niiro-aniline and a small forms ‘chlorooyananilide ’ C,jH,.^ClN)/ /^aurent, 
quantity of |)-nitro-aniline (Levinstein, B. 18, A, 60, 273). o' ' 

Kef. 203). 27 . Cyanic acid forms phenyl- urccL 

11. A mixture of aniline, o-bhmfm?, and p- 28. When treated in ethereal so' ^'tion with 

toluidhic, is converted by oxidising agents such perchloromethylmercaptan CCI 3 .SCI id'^ yields the 
as nitric acid, 7)iercuric chloride, lead nitrate, compound CCl^.S-NHCjIIj, If the c - golu- 
silver7iitrate, arsenic acid, and stannic chloride \ tion of the latter body is mixed wijl^l^ alcoholic 
into aniline red {v. RosAmiNE). 1 KOH or NH, it splits ot! HCl and ovystalline 

12. M/rons acid converts cold aqueous salts I compound separates wliUh has t| 

of aniline into salts of diazo-hen/.ene (r. l)i-A/.o- constitution CClo.S.NCgli^, (llatlike, Lj , ' 395). 

compounds); on boiling the solution nitrogen is ' ' ' * > > 

evolved and phenol formed. Nitrons acid passed 
into a cold alcoholic solution of aniline produces 
iiazo-benzene anilide. 

13. When aniline is boiled with sulphur R,S 
ig evolved anddi-araido-di-phenyl sulphide (thio- 
aniline) is formed together with other products 
of substitution’ of hydrogen by sulphur (Merz a. 

Weith, B. 3, 978). 

14. Potnssiuni produces NHjand azobenzene 
(Girard a. Caventou, Bl. [2] 28, .5,30). 

15. Chlorine acts upon dry aniline with great 
violence, producing a black mass containing tri- 
chloro-an^irie. 

16. Bromine beliaves like chlorine. Bromine- 
water added to solutions of salts of aniline give.s 
a pp. of tri-bromo-aniline CJJJg 5 ,NH 2 [2:4:G;1]. 

Bromine has no action on a solution of aniline 
in cone. HoSO^ (Morley, C, J. 51, 582). 

17 . lodme dissolves in aniline forming 
hydriodidc of p-iodo-aniline. 

18. Hot cone, sulphuric acid forms p-nmido- 
benzene sulphonic acid ; hot fuming IIBO., forms 
amido-benzeno disulphonio acid (Buckton a. 

Hofmann, C. J. 9, 260). 

19. Sulphide of carbon forms di-phenyl thio- 
Qtea. 

20. Sulphide of carbon and ammonia pro- 
dnee crystals of C„H„N,S,or (PhNH,.NH.CS)j8, 
decomposed by boiling water into CS,, NH„ and 


29. Phosphorus trichloride acts.^^j vigorously, 

' producing ‘ phosplianilinc hyifo, ’ 

j H N (Tait, ^ 12] i., «49) r 

the anilide of phosphorous acid P(N ^ >1 tN qjiCl. 

I PtCl.,PCl3 forms (PhNH)3PPtC; r NII.PhHOl 
i whence water produces (PhNH W*ppfcl(OH> 
(Quesneville, Monit. scient. [3^ ‘ a 559). 
PCl.;2PtCl,, alcohol, and anilif . produce 
r(OEt)3rtCl,(C„H,N),and p,(OEt)«r-r' ®ci (aH,N), 
(Cochin, C. if. 86, 1102). poui ^ ' 

• ^0 Phosphorus oxychloride pfq a^oduces very 

ufistable anilide of phosphoric aciu; . pn<NPhH), 
(Sdiill, A. 101, 302; IMichaelis a. s!® ^aen, A. 229, 

31. Aniline, isobutyfic arl^L^ i give 

iso-butyric anilide (Bardwell, Am, < * 

32. Aiiiline-zinc-chlorilc and ^ .Jortwil 
hoi give amido phenyl-isopentanc,. J " 

33. Chloroform at 190^" di-phenyl- 

forinamidine,CH(NPh)(NPhH). ^ 

34. Chorides, bromides, and (3 of alco- 

holic or acid radicles act upon janiline as they 
do upon other primary amines Amines). 

Alkyls may also bo introduced by.ol am heating aniline 
hydrochloride or, better, hydrobr with alco- 
hols (Staldel a. Reinhardt, B. I'iJ^* Methyl- 

aniline hydrochloride is coif, -(oiiiArted by heat 
into toluidine hydrochloride (Cettann; 6. 
720) ; similarly aniline hydrocT, .^0 heated 

with MeOH at 200° 


jRgocfiMM.^1. Aniline v0ponr passed through 
a red-hot tube forms 0, NH,, HON, benzene, 
benzonitrile (Hofmann, Pr, 19, 383), oarbazol 
(Graebe, A, 167, 125), iso-benzidine (o. di-AMmo- 
mphbnyl), and quinoline (Bemthsen, B. 19, 420). 

2. Electric sparks passed through liquid 
aniline form carbon, and a gas containing 
hydrogen (65 p.c.), acetylene (21 p.c.), prussic 
acid (9 p.c.), and nitrogen (6 p.c.) (Dcstrem, C. R. 
99, 138). 

3. Dilute HjSOj and MnO^ form NII 3 
(Matthiessen, Pr. 9, 637), and a little quinonc 
(Hofmann, Pr. 13, 4). 

4. Chromic acid, CrOj, sets fire to .'miline. 

6 . Chromic acid 7nixture produces quinone. 

6 . Potassium chlorate and hydrochloric 
add give tetrachloroquinone (chloranil) and 
trichlorophenol (Hofmann, .4. 47, 6 ? ; 53, 28). 

7 . Potassium permanganate gives some azo- 
benzone (Glaser, A. 142, 304), Nil.,, and oxalic 
acid (HoogewT.rff a. Dorp, B. 10, 1936; 11, 1202). 

8. Hydrogen peroxide also produces azo- 
benzene (Leeds, B. 14, 1384); which is also 
formed by passing aniline vapour over heated 
PbO (Behr a. Dorp, B. 6 , 755). 

9. Potassium permanqanate in acid solution 
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OAitr«^U«^ O^^Ue» 0,HMe^Me„ and 
O^Me, (Hofmftnn a. Martius, B» 4, 742). 

85. Aldehydes aot npon aniline with elimina- 
tion of water : e.g, 

OH,.OHO + 2H2NPh « H,0 + CH,.CH(NHPb)j, 

OH,.CHO + HjNPh = H^O + CHg-CHiNPh 
(SohifF, A. Suppl. 3, 344). The last formula 
ought perhaps to be written (CH3.CH)2(NPh)2 
fo. Methylene-aniline ; Etuylidene-aniline ; 
Chloro-ethyltdene-aniline, (fee.). Aniline acts 
similarly upon qlucose^ levulose, and galactose^ 
forming C,IL(01I),(NPh) (Schiff, A. 154, 30; 
Sorokin, B. 19, 513). 

36. Aniline sulphite gives ^Yitll an ethereal so- 
lution of aldehyde prisms of PhNII.CaHjOSO.. or 
PhNH.SO.,.CHMe.OH (Schiff, A, 140, 127; 210, 
129). 

37. Chloral and aqueous SO., produce un- 
stable crystals of l*liNll3SO;.CH(OII).CCl3 
(Schiff, A. 210, 129). 

38. Acetone and aqueous SOj form an un- 
stable compound, PhNIL C,H,iO SOj which is 
perhaps. Mc2C(0II).S02.NHPh (S.). 

39. Acetone (1 mol.) and P0O3 two days at 
180° form Mc..C:NPh, (200°-220°) (Engler a. 
Heine, B. G, 612 ; cf. Pauly, A. 187, 222). 

40. Aniline hyiliochloride heated with 
acetone or vicsitijl oxide at 100° forms some 
{Py. 1, 3)-di-methyl-quinoline (Engler a.Iliehm, 
B. 18, 2245, 3296). 

41. A mixture of aldehyde and acetone at 
100° give {Py. 1, 3)-di-mcthyl-quinolino (Peyer, 

pr. [2] 33, 303). 

42. Paraldehyde and cone. HCl at 100° form 
{Py. 3) -methyl-quinoline (quinaldinc, Doebner a. 
yon Miller, B. 16, 2404). 

43. Aniline (1 pt.) distilled with glycerin 
^1 pt.) and HjSO^ (2 pis.) forms quinoline 
(Konigs, B. 13, Oil).* Quinoline is also formed 
by distilling acrolein-auilinc, or by heating 
aniline with glycerin, nitrobenzene, and ILSO, 
(Skraup, ilf. 2, 141). AniJinc-zinc-chloridehvniL'd 
with glycerin forms skatolo (Fischer a. German, 
B. 16,710). 

44. Aceto-acctic ether at 120°-150° gives 
accto-acetic anilide CH3.CO.CH.,.CO.NPliH {cf. 
Aoeto-acetic acid, reaction 18), *[85°]. SI. sol. 
water and NII;,Aq, v. sol. NaOHAq and acids. 
Distilled with aniline it gives .s-di-phenyl urea. 
Boiling potash produces aniline, acetone, and 
acetic acid. Fe^Cl,. colours its aqueous solution 
violet. Br produces CHa.CO.CHBr.CONPhll, 
[138°]. Cone. HjSO^ forms {Py. 3, l)-oxy- 
mcthyl - quinoline. Nitrous acid forms 
CH3.CO.C(NOII).CO.NPhH, [100°] (Knorr, A. 
236, 75). 

45. Acrlophenone cyanhjdrin gives riso to 
0,H,.CMe(iNliPh)CN (Jacoby, B. 19, 1515). 

46. An alcoholic solution of qninonc pro- 
duces C«Ho(NHP 1 i )202 and hydroquinone. The 
former dissolves in cone. H2SO4 formic'g a crim- 
son solution. 

47. Tetrachloro-quinone (chlovanil) produces, 
similarly, CBCl2(NIlPh)202 (Hofmann, Pr. 13, 4 ; 
Hesse, A. 114, 292 ; Knapp a. Schultz, A. 210, 

164). « 

48. Aniline inixed with an anilide and PCI, 
produces a phenyl-amidine : e.g. 

SPhNHj + 3 Cll 3 .CO.NHPh + 2PC1, = 
8CH,.C(NPh).NHPh + P,0, + 6H01 (Hofmann,^. 
1866, 161). 

VoL. X. 


49. Aniline hydrochloride exidaoetonitriU ai 
170° produce phenyl-acetamidine : 

CH,CN + H2NPh « OH,C(NPh).NH,. 

60. With benzo-trichloride, PhCCl, (1 mol.), 
aniline (2 mols.) on warming acts violently 
forming the hydrochloride of di-phenyl-benz* 
amidine, OaH5C(NPh)(NPhH)2HCl : aniline in 
glacial acetic acid, ZnCJj and PhCClj give, 
chiefly, the same body. 

51. But aniline hydrochloride (40 pts.), nit}' 0 - 
benzene (45 pts.), benzo-trichloride (40 pts.), and 
iron filings at 180° form the chloride of di- 
amido-tri-phcnyl-carbinol {q. v.). 

52. Aniline (2 mol.) boiled with chloro-acetic 
acid (1 mol.) and water produces phenyl-amido- 
acetic acid and phenyl-imido-di-acctio acid; the 
aniline salt of the latter, PhN(CIL.CO,NH,Ph).,. 
crystallises in needles, [99°] (P. Moyer, B. 14, 
1325). 

63. An alcoholic solution of aniline, chloro- 
acetic acid, and ammonium siilphocyanidc at 
100° deposits crystals of phenyl-thio-hvdantoio 
acidNIl2.C(NPh).S.Cn2.C02H, [148 -152°]. This 
acid is decomposed by boiling with dilute (20 p.c.) 
H2SO4 into phenyl-urea and thio-glycollio acid 
(Jaeger, J.pr. [2] 16, 17; Claesson, B. 14, 732; 
Liebermann, A. 207, 129). 

54. Acetamidoxim hydrochloride is converted 
by heating with aniline into acetanilidoxim, 
CH3.C(NOH).NHPh, [121°] (Nordmann, B. 17, 
2753), 

55. Z'wicc^/iwJeformszincanilide Zn(NTIPh)2, 
which is decomposed by water into Zn(OH)2an(l 
aniline (Frankland, iV. 8, 604). 

Salts.— (Beamor a. Clarke, A^n. 1, 151; B. 
12, 1060 ; Hjortdahl, Z. K. 6, 471). — B'HCl. 
[192°] (Pinner, B. 14, 1083). Needles or plates, 
V. sol. water and alcohol : may be sublimed. — 
BarPtCl^: yellow needles. — B'.JT,SnCl3 j 
monoclinic. — B'.H.CuCl ,. — P/ITBr : trimetric, 
= -723:1: -818. -- B'HCdlh-.,: trlmctric. — 
imi.— B'HBil, (Kraut, A. 210, 323).— B'HF: 
pearly scales, sol. water and boiling alcohol. — 
BTTGIO., : long white prisms, sol. alcohol and 
ether, m. sol. water; explodes at 75°. — B'HClO,. 
— BTIIO.,. S.G.iai-48. Explodes at 126°-130°. 
-BTICNlTg(CN)2. [88°]. Wliito needles or 
tables (Claus a. Merck, B. 16, 2737). — 
B'^n^FcCy,, : small micaceous crystals, v. sol. 
water, insol. alcohol and ether (Eisenberg, A. 
205, 267). — B'.JI,FeCy3. — B'jHjCoCy.,. — 
B'.^HoPtCy,: triclinic (Scholtz, M. 1, 904). — 
B'.JIjPO^: lamime, v. sol. water, ether, and hot 
alcoliol (Nicholson, A. 59, 213 ; Le— v, B. 19, 
1717). — B'3TI,P04. — BlirOg. — B'ji4P.,0,. — 
B'oH.SO^ : m. sol. water, si. sol. alcohol, insol, 
ether. Does mt form an alum with aluminium 
sulphate (WcM. C. N. 38, 1).— large- 
jjlates; converted, by water into the neutral 
sulphato (WellingiGii a. Tollens, B. 18, 3313)^ 
— (Mah'-^.ewsky, J. 11. 11, 364). >— 

B'XILSOJsHIr, (Jorgensen, J. pr. [2] 14, 384).-^ 
BlINOa. — Chloro-acctate. [88°]. — Di* 
chloro-acetatc. [122°]. — Tri-chlorom 
acetate, - Oxalate B'^hAo^ : tri- 

clinic columns, v. sol. water, sh sol.* alcohol, 
insol. ether. — Phenate, B'HOPh. [30°]. 
(181°) (D.). (185°) (D. a. S.). Crystals resembling 
naphthalene (from alcohol or light petroleum) 
(Dyson, G. J. 43, 466), Formed by boiling 
equivalent quantities of phenol and aniline 

T 
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:^JPhihaMe, [m^i tmSliiB.‘^(»)-Naph’^ 
tholaUt [82*4^: orjistallirie powder (from light 
petroleum) (Dyson, C. J. 43, 469). Other salts 
of aniline are described under the various acids. 

Combi?iations.~{BGhift, 0. i2. 66, 268, 1095 ; 
Vohl, Ar, Ph. [2] 118, 201 ; Leeds, J. 1882, 500). 
— B^s(SiFJo : minute needles, ineol. benzene or 
petroleum-spirit; may be sublimed; converted 
by water or alcohol into aniline silico- 
fluoride (Jackson a. Comey, B. 18, 3195). — 
B'.Ag,.S 04 2aq : hair-like crystals (Mixter, Am, 
1, 239"). — B'jZnSO^. — B'.ZnCl,. -- B',ZnBr,.— 
B'2Znl2.~C6H4NH.HgCl : amorphous pp. got by 
mixing hot alcoholic solutions of aniline and 
HgClj (Forster, A, 175, 30).-B'2HgCl, : needles, 
got by mixing cold alcoholic solutions of aniline 
and HgCl2.-B'2HgBr., [112°] (Klein, B. 13, 835). 

— B'.Hgl^. [60°]. Decomposed by alcohol. — 
B'jHg(NO" 3 ) 2 : pp., converted by hot water into 
C,^ 5 NH.HgN 03 iaq and (PhN) 2 Hg 3 (N(X,)., 2aq. 
— B'jCaC^-B'aCdCl^.— B'2CdBr2.-B'..CdL.— 
B'2Cd(N03)2.-B'JiCV-B'.,Snl2.— B'^SbCl^.— 
B'aUrOaClo. — B'^MnCl.,,— B'.MnBr..— B'..MnT.>.— 
B' 2 FeCl.,.-B' 2 SnCl,.-B' 3 AsCl,. [c.90°]. (c.208°). 

— B'aSbCla. [80°]. — B'aBiClg. — B'BiOCl. — 
B'jCoCl^ 2EtOH : rod leaflets, prepared by adding 
aniline (2 mols.) to an alcoholic solution of 
CoCL (1 mol.) ; at 100° it becomes blue B'.CoCL 
(Lippmann a. Vortmann, B. 12, 79). — 
B'jNiClo 2EtOH : small green needles, similarly 
prepared; at 100° it becomes yellowish green 
B'oNiCU (L. a. V.).— B'^CuCl, (Destrem, Bl. 30, 
482),— B'.CuSO^.— B'jPtCl^ (Gordon, B, 3, 176 ; 
Cochin, Bl 31. 499). — BTtCl^CJI.HCl. — 
B'PtCl AH4 (Griess a. Martius, A, 120, 32G). 

Acetyl derivative i.e, 

O.H5NH.Con30. Acetanilide. Mol. w. 135. 
[114°]. (295°). S. *34 at 14°; 6*59 at 102-5° 
(Friswell, private com.). V.D. 4*8 (calc. 4-7). 

Formation. — 1. From aniline and AcCl 
(Gerhardt, A. 87, 164).— 2. By boiling aniline 
with glacial acetic acid (Qreville 'Williams, G. J. 
17,106; V, also Chemical CnANGE). — 3. By heating 
aniline with acetamide (Kclbe, B. 16, 1199). — 4. 
From acetophenone-oxim and at 100° 

(Beckmann, B. 20, 1507). 

Pro])erties.'—lAmnim (from water); v. sol. 
alcohol, ether, and benzene. A saturated 
aqueous solution boils at 102-5° (Friswcli). 

Beactions. — 1. Passed through a red-hot 
tube it forms di-phenyl-urca, aniline, benzene, 
and CNIi>-(Nietzki, B. 10, 476).-2. ZnCl, at 260° 
gives flavanilino Cj^Hi^Na. — 3. PCI5 forms 
CHj.CCloNHPh which readily splits up into HCl 
and CIIs.CClrNPh. The latter^ converted by 
water into HCl and acetanilijfe, and by aniline 
into di-phenyl-acetamidine, CH3.C(NHPh):NPli. 
CHj.CChNPh changes a little above its melt- 
ing point [50°] into the hydrochloride of 
CH3.C(NPh).CH,.CCl:NPh, [117°] which at 160° 
changes to the hydrochloride of amorphous 
(WaUach, A. 184, 86 ; c/. Michael, j. pr. 
[2] 35, 207). -4. PjS, forms thio-acetanilide (Hof- 
mann a. Simpson, B. 11, 339; Jacobsen, B. 19, 
1071; V. Thioacetic acid).— 5. Heating with sul- 
phur produces oxalyl-amido-phenyl mercaptan, 

C.H,<g^O.C<g>OJH„ and somo ethenyl- 
aznido • phenyl mercaptan (Hofmann, B. 13, 


1926). — 6i Jte Ai 
aialine AoNHFb 4- KsOEf EtNHPh -t- KaOAb. 
7. Nitrous add passed into a solution of acet- 
anilide in glacial HOAc forms an unstable 
nitrosamine, PhNAc.NO,, [41°] (0. Fischer, B, 

9, 463). — 8. Nitric acid converts acetanilide 
dissolved in 4 pts. of H.^S04 chiefly into p-nitro- 
acetanilide, some 0 - being formed. If the 
acetanilide is dissolved in 20 pts. HaSO, a small 
quantity of the w-compound appears (NSlting a. 
Coilin, B. 17, 261). 

Sodium acetanilide OgHjNAcNa (Bunge, 
Z. [2] 6, 119). Formed by distilling off the 
alcohol from an alcoholic solution of equivalent 
quantities of acetanilide- and sodium ethylate 
(Seifert, B. 18, 1358). Crystalline powder. 
Absorbs COj in the cold, becoming sodium 
acctyl-phcnyl-carbamate, CgH.,NAc.COoNa. 

Mercury acetanilide (CyH5NAc)2Hg. 
[215°]. Formed by melting acetanilide with 
HgO (O^jpenheim a. Pfaff, B. 7, 024). 

Hydrochloride (CgfI,.NHAc)2lICl crystal 
lisns in needles, decomposed by water. Bjy 
heating for half-an-hour at 250° it splits otl 
acetic acid and yields the hydrochloride of djji- 
phcTiyl-acct-amidine CH3.C(NPh).NHPh. By 6^ 
i hours’ heating at 280° it gives flavaniline. At 
j a still higher temperature quinoline bases ar3 
j formed in small quantity (Nolting a. Weingart- 
! ner, B. 18, 1340). 

j/-Cliloro -acetanilide CgHj.NClAo. Acs- 
tyl-phenijl-chloro -amide. [172°]. Prepared by 
adding a cone, solution of bleaching powder to a 
cone, aqueous solution of acetanilide containing 
excess of acetic acid, as long as a pp. is formed. 
Colourless needles. Scarcely soluble in water. 
Crystallises well from very dilute acetic acid. 
Heated to 172° it suddenlv changes, with expl(?»- 
Five violence, to the isomeric p-chl oro- acetanilide. 
This change is also produced by cold oono. HCl 
with a violent reaction. It dissolves in wamt 
absolute alcohol at first uiiallercd, but after A 
few moments a violent reaction sefe in and the 
above change takes place. Alkalis and amine 
bases replace the Cl by H. It converts aceto- 
acetic etlicr into chloro-aceto-acetic otlier. Not 
attacked by boiling water (Bender, B. 19, 2272). 

Diacetyl derivative C,oH„N02 iA* 
CJLNAc.. [111°]. DiacetaniJide. From phenyl 
lliiocaibimide and HOAc at 140° (Hofmann, B. 
3, 770) : PhNCS + 2HOAo = PhNAo, + CO2 -h H2B. 
Plates. On distillation it gives acetanilide (Gum*, 
pert, /.iJT. [2] 32, 293). 

Benzoyl derivative CJI^NHBz, [159°]. 

Foi-maiion.~l. From aniline and BzCl 
(Gerhardt, A. Ch. [3] 37, 327).— 2. By the action 
of phenyl oyanato upon benzene in presence of 
AICI3 ; the reaction probably being : 

(a) PhN.CO -f HCl = PliNH.COCl. 

(5) PhNH.COCl + CgHg = PhNH.COCgH, + HOI 
(Leuckart, B. 18, 873). 8. From benzophenone 
oxim and H2SO4 at 100° (Beckmann, B. 20, 1607) 

Properties. — Volatile plates; insol. water. 

Iieackio7is. — 1. PClj forms PhNH.CCl2pll 
and then PhN:CClPh, [40°] (Wallaoh, A. 184, 
79). — 2. Boiling with swZpAwr produces benzenyl-4 
amido-phcnyl mercaptan. 

Oxim C,aH,2N.20 i.c. 

I Bme-anilidoxim, [136°] 


OeH,.C(NOH)NHO^* 
Obtained by heating 





tmobQAzazii] ^th bjdrbz^liamiiid 
^oride and Ka^OO. in aloohoUo solution for 
about an hour (Muller, B, 19, 1669). Slender 
needles. Sol. hot water, alcohol, ether, ohloro* 
form, and benzene, si. sol. ligroin. Dissolves 
both in acids and alkalis. Salts. — B'HCl: 
lol. alcohol. — B'2H.^CLPtCl4*. Ethyl ether 
OaHj.C(NHPh) :NOEt. [56°]; white pp. Ben- 
Boyl derivative CJIi.O(NHPh)NOBz. [116°]; 
white glistening needles; sol. alcohol, ether, 
and benzene, insol. water and ligroin. 

Di-hemoyl derivative NPhBz^. [1.36°]. 
From benzanilido and BzCl (Gerhardt a. 
Chibzza, G. B. 37, 90). 

Breiiaraiion. — Benzanilide (18 g.) is heated 
with BzCl (14 g.) for .3 hours. 

Properties. — Needles (from alcohol). With 
dilute HCl at 120° it gives aniline and benzoic 
acid (Higgin, C. J. 41, 132). 

Di-benzoyl derivative O^HjNBzj. 
[160°] (isomeric with preceding?). From ben- 
zoic acid (13 g. and phenyl thiocarbimido (6 g.) 
at 220° for 6 hours (Losanitch, B. 6, 176; 
Higgin, C. J. 41, 133): PhN;CS + 2HOBz = 
PhNBzj + COj + ILS. 

Properties. — Plates (from alcohol). With 
dilute HCl at 120° it gives aniline and benzoic 
acid. 

ANILINE BLACK Nigranilinc. 

Formed by mixing aniline, a chlorate (of K, Na, 
or Ba) and a metallic salt (of Cu,Fe,V, Mn, or Cc) 
(Lightfoot, C. N. 11, 65 ; Lautli, Bl. [2] 2, 416 ; 
Higgin, Bl. [2] 7, 93 ; Guyard, Bl. [2] 25, 58 ; 
Hosonstiehl, Bl. [2] 25, 356 ; C. R. 81, 1257 ; 
Kruis, D. P. J. 222, 347 ; Goppelsroder, C. B. 
82, 331, 1392 ; Coquillion, C. B. 81, 408; Glcnk, 
D. P. J. 248, 234), • The quantity of metallic 
salt may be small ; ammonium vanadate added 
to a solution of aniline hydrochloride (6 pts.) and 
NaClOj or KCIO3 (4 pts.) in water (100 pts.) con- 
verts 100,000 times its weight of aniline into black. 
An aniline black is formed at the positive i)olo 
when a solution of an aniline salt is electrolysed. 
Aniline black is purified by washing with water, 
alcohol, ether, and benzene. It is the hydro- 
chloride of a base, C.,„H25N52HC1 ; and can be 
reduced by tin and HCl, or by III and P, to 
p-phenyleno-diamino and p-diamido-diphenvl- 
amine NH2.C,H,.NH.CoH,.NH2 (Nietzki, B. 
11, 1093). Electrolytic aniline black appears Jto 
be C24H.,„N^2HC1 (Goppelsroder). 

ANILINE CAEBOXYLIC ACID v. Piienyi,. 
oahbamio acid. 

ANILINE DYES v. Rosanilinb, Mauveine, 

OnnYSANILlNB &o. 

ANILOTIC ACID is Nitro-salioylio acid v. 
Nitbo-oxy-benzoio acid. 

ANILOXALBENZAMIC ACID v. Phenyl- 

OXAMIDO-BENZOIC ACID. 

ANIL- PYRUVIC ACID CJI.m. i.e. 
CH8.C(NPh).C02H. [122°]. Formed by the 
action of aniline on pyruvic acid (Bottingor, B. 
16, 1924; A. 188, 336). Crystals, v. sol. water. In 
contact with water it condenses to aijiluvitonio 
or {Py, 3, l)-ir||5thyl-quinoline carboxylic acid 
^.v.). On bromination it yields tribromanil- 
dibromopyruvio acid. Salt.— BaA'j; v. e. sol. 
water. 

ANIL-UVITONIO ACID 0 . (Py. 3 ) -Methyl 

QUivcLiHB (Py. l)-oarboxylio acid, • 


Mi 

AVISAJGtDiS. jlmide of inethyl-jEM>sT«> 

BBKZOIO AGIO. 

ANISANILIDE. Anilide of methyl.i>.oxT- 

BENZOIO ACID. 

ANIS-BENZ-ANIS-HYDROXYLAMINE v. 

Hydroxylaiuine. 

ANIS - BENZ - HYDROXAMIC ACID 0. 

Hydroxylamine. 

DI - ANIS . BENZ - HYDROXYLAMINE o* 

Hydroxylamine. 

ANISE, OIL OF. The essential oil obtained 
by distilling the seeds of Pimpmclla anisum or 
Illicium anisatum with water. It contains 
ancthol (q.v.). If the oil is heated with dilute 
HNO3 (S.G. 1-2) and the resulting heavy oil 
shaken with warm NanSO.,Aq, so-called 
anisoic or thianisoic acid C,„Hi4S04 [below 
100°] is formed (Limpricht a. Bitter, A. 97, 364; 
Staedeler a. Wiiehter, A. 116, 169). It is a very 
soluble crystalline mass. NH,A'nq. — NaA'aq.— 
MgA'2 5aq.— CaA'o 2aq. — BaA'^ 3aq. — AgA'. 

ANISE CAMPHOR. Aname foranethol(q.v.). 
ANISHYDRAMIDE C,4H,„N203 i.e. 
(MeO.C,iH4.CH)3N2. Tri-methyl-lri-oxy -hydro- 

benzamide. [c. 120°]. Formed by action of cone. 
NHjAq upon jp-methoxy-benzoic (anisic) alde- 
hyde. Prisms, insol. water, sol. boiling alcohol, 
ether, or cone. IIClAq (Cahours, A. Oh. [3] 14, 
487 ; Bertagnini, A. 88, 128). Changes at 170° 
into Anisin, a basic isomeride which forms 
salts: B'HClaq.— B'jHsPtCl.. 

ANIS-HYDROXAMIC ACID u. Hydroxyl- 
amine. 

ANISIC ACID V. p-Mcihyl-Oxy-BBNzoio acid. 
ANISIC ALDEHYDE v. P‘Methyl-Ox.Y -heuzoio 

ALDEHYDE. 

ANISIC ALCOHOL v, p-Mcthyl-OKY-BEViZYL 

ALCOTIOIi. 

ANISIDINE V, Methyl derivative of Amido- 

PHENOL. 

ANISIL 0,6H,404 i.e. 

C,n,(OMe)-CO-CO-C,H,(OMc). [133°]. Pre- 
pared by oxidation of anisoin with Fehling’a 
solution (Busier, B. 14, 327). Yellow needles. 
Distils undecomposed. Sol. hot, si. sol. cold, 
alcohol, insol. water. On boiling with aloohoUo 
KOH it gives anisilio acid. 

ANISILIC ACID C.sH.A i.e. 
(Me().C«H4)2C(OH).CO.,H. [164°]. Prepared by 
boiling anisil with alcoholic KOH (Busier, B. 14, 
328), Slender white needles. Sol. alcohol, si. sol. 
water. Dissolves in strong II.SO4 with a violet 
colour. On oxidation with CrOj i^ gives di- 
methoxy-benzophenone. 

ANISIN V. Anisiiydramidb. 

ANISOIN. C„H„.04 i.e. 
MoO.CgH^Cn(CH).CO.CeH4.0Me. Di-inethyl-tri- 
oxy-phcnyl-bcnzyl-ketone, [113°]. Prepared by 
boiling p-methoxy-benzoio (anisic) aldehyde with 
alcoholic KOH (yield 60 p.o. ; Bosler, B. 14, 326), 
or KCy (Rossel, Z. [2] 5, 502). Needles ; v. si. 
sol. water, si. sol. cold alcohol and ether. Strong 
H.2SO4 dissolves it with red colour, rapidly 
changing to pale green, and on heating, to yellow 
and then purple. See also Hydro-anisoin. 
ANISOlC ACID V. Anethol. 

ANISOL V, MefAyZ-PnENOL. 

ANISOL - ISATIN v. Di-methyl-di-Oxi-j>i* 

PllENYL-OXINDOLP.. 

ANISOL-PHTHALIC ACID v. Methyl-Oxx* 

BSNZOPUENONE CARBOXYLIC ACID. 

« 1 



m ANISONITRILE. 


AinSOVITBlI.E V, mtnU of Uethyhp-On^ 

BBNZOIO ACID. 

ANISO-DIUREKDE V. JSfei^i/Z-OxY-BBNzsNTL- 

J01-X7BBA. 

ANISURIC ACID C,oH,jNO, i.«. 
Me 0 . 0 eH,.C 0 .Nn.CH,.C 02 H. Mcthyl-oxy-ben- 
goyl~glycocoll.—¥rom silver amido-acetate and 
inethyl-j^7-oxy-bcnzoyl chloride. Also secreted 
when inGthyl-^)-oxy-bcn/.oic (anisic) acid is taken 
into the stomach. Laminio. Split up by acids 
into glycocoll and anisic acid. 

Salts: CaA',^ Baq.— AgA' (Cahours, A. 103, 
90 ; 100, 32 ; Graebe a. Schultzen. A. 142, 318). 

ANISYL. This name is usually given to 
the radicle methyl-p-oxy-phenyl, CH.,O.CbH^, 
but sometimes also to mcthyl-p-oxy-benzoyl, 
CH 30 .C,iH,.C 0 , which could more appropriately 
be called anisoyl. 

ANISYL BROMIDE v. ^^-Bromo-phenol, 
Methyl-ether and Ifc^/iyZ-oxY-BENzoYL bromide. 

ANISYL CARBAMIDE v. MethijUp-OxY- 

PHENYL-UREA. 

ANISYL CHLORIDE v. p-CnLORo-riiENOL, 
Methyl-ether and Methyl-oxx-ixF.^zoY'L chloride. 

ANISYL METHYL KETONE v. Mcthyl-Oxx- 
acetophenone. 

ANISYL-THIO-UREA v. il/cZ7t//Z-OxY-PHENYL- 

THIO-UllEA. 

ANISYL-TIREA v. il/cif/iJ/Z-OXT-PTIENYL-UREA. 

ANOL i.c, liO.C,H,.CH:CII.Cir,. 

[92-5°J. (o. 250°). Formed by heating anethol 
with KOII. Shining lamina) (from alcohol, 
ether, and chloroform) sol. KOHAq and reppd. 
by acids (Ladenburg, B. 2, 371). 

ANTHEMENE [04°]. (440°). 

S.G. iS-942. V.D. 127 (calc. 131). S. (alcohol) 
•033 at 25°. Fxiracted from flowers of chamo- 
mile [Anthemis nohilis)hy light potrolcum_(Nau- 
din, Bl. [2] 41, 483 ). Minute needles, insol. 
water, sol. ether, petroleum, CS™, chloroform, and 
hot alcohol. 

ANTHEMOL C,,II„0. (214°). Occurs in oil of 
chamomile {Anthemis 7wl)ilis). Thick liquid with 
camphor-like smell (Koebig, A. 195, 104). Boiling 
dilute HNO, produces tcrcphthalic andp-toluio 
acids. Aceiif I derivative GiAli-iOAe. (235°). 

ANTHOCYANIN. Blue colouring-matter of 
flowers V . riOMENT.S, 

ANTHOXANTHIN. Yellow colouring matter 
of flowers, V . Pigments. 

ANTHRACENE C„H,o le. 



CH CH CH 


Mol. w. 178. [213°]. (c. 360°). H.F.p. ~ 115,000 
(v. Bechenberg). S.V. 195*8 (Ramsay). Alcoholic 
solutions containing less than *03 p.c. exhibit 
absorption bands in the ultra-violet part of the 
spectrum (Hartley, C. J. 39, 162). S. (ether) 
1-17 at 15° ; S. (HOAc) *44 at 16°. S. (benzene) 
1*7 at 16°. S. (alcohol) *08 at 16° ; (dilute alco- 
hol, S.G. *84) *46 at 16° (Versmann, J. 1874, 
423 ; Becchi, B. 12, 1978). 

Occurrmce . — In coal tar (Dumas a. Laurent, 
A, OK [S] 60, 187). From crude anthracene 


the following bodies may be extracted by acetie 
ether: — (a) Soluble in cold alcohol : carbazol, 
phenanthrene, fluorene, and a hydrocarbon 
[130°]. Carbazol is insoluble in CSj, the others 
dissolve, but can be separated by their picrateg. 
(6) Soluble in cold benzene ; synanthrene and 
two hydrocarbons [104°] and [97°].— (c) Soluble 
in hot benzene : anthracene (insoluble in dilute 
alcohol) and pseudophonanthrene (soluble in 
dilute alcohol).— (d) Insoluble in benzene : car- 
bazol (Zeidler, A. 191, 302). 

Formation, — 1. By passing through red-hot 
tubes a mixture of ethylene with benzene, di- 
phenyl, or chrysene ; or a mixture of benzene 
and styrene (Bcrthclot, Bl. [2] 7, 223 ; 8, 231 ; 
9, 295) or benzene and petroleum (Letny, B. 10, 
412; 11, 1210), or benzene and oil of turpentine 
(Schultz, B. 7, 113). — 2. By passing benzyl- 
toluene, Ph.CH._j.C,iH^.CH3, through a red-hot 
tube, or over heated litharge (Bchr a. Dorp, B, 

6, 754 ; A. 169, 216).— 3. By action of AlCl, on 
a mixture of benzene and s-teti*a-bromo-ethane 
(Anschutz a. Eltzbacher, B. 16, 623). — 4. By 
action of sodium on o-bromo-benzyl bromide 
(Jackson a. White, Am. 2, 392 ; B. 12, 1965). — 
5. By heating benzyl ethyl oxide, rhCH.,.O.Et, 
with P.A (J- Schulze, J. pr. [2] 27, 518).— 6. By 
action of ClIClj or CH.,C1., on benzene in presence 
of AICI3 (Friedol, Crafts, ‘a. Vincent, Bl. [2] 40, 
97; 41,325). — 7. By heating benzyl chloride with 
water at 200° and distilling the product (Lim- 
pricht, A. 139, 303; Ziricke, B. 7, 278).-8. By 
heating a mixture of alizarin with zinc dust at 
low red heat (Graebe a. Liebormann, A. SuppL 

7, 207). — 9. By distilling o-tolyl pliciiyl ketone 
with zinc dust (Bchr a. Dorp, B. 7, 17).— 10. To- 
gether with toluene by the action of AICI3 on 
l)enzyl chloride (Perkin a.'llodgkinson, G. J. 37, 
726).— 11. By distilling benzyl-phenol with PoO, 
(Paterno a. Fileti, B. 6, 1202).- 12. By lieating 
o-benzoyl-bonzoic acid with zinc dust (Grcsly, 
A. 234, 238). 

Properties. — Four- or six-sided monoclinic 
white tables with blue fluorcsconeo. Insol. 
w'ater, si. sol. alcohol, ether, benzene, glacial 
ITOAc, chloroform, CS., and liglit petroleum. 
Changed in sunlight into para-anthraceno 
(paraphotene) [244°], which is insoluble in most 
menstrua, but is reconverted into anthracene by 
fusion. 

• Fsllmaiion.— Anthracene (1 g.) is dissolved 
in boiling glacial IIOAc (45 c.c.), filtered if 
necessary, and a solution of CrO;, (10 g.) in 
glacial IIOAc (5 c.c.) diluted with water (6 c.c.) 
is slowly added ; a slight excess of CrOa should 
bo left after long boiling. The liquid is diluted 
with water (150 c.c.) and the ppd. anthraqiiinone 
washed, dried at 100°, and weighed (Luck, B. 6, 
1347 ; V. also Meistcr, Lucius, a. Briining, Fr. 
16, 61 ; Paul a. Cownley, C. N. 28, 175 ; Lucas, 
C. N. 30, 190 ; Nicol, 0. J. 30, 55.3 ; J.T. Brown, 
C. J. 31, 232; Versmann, C. J. 30, 347). 

Eeaciions.— l. Cone. HI at 280° forms an- 
thracene hydrides, toluene, and various paraflins. 

2. Chrofnic acid produces anthraquinone. — 

3. Nitric acid also produce# anthraquinone, 

and not nitro-anthraceno. — 4. Sulphuric acid 
forms Bulphonates. — 6. COClj forms the chloride 
of anthracene (A)-carboxylio acid. — 6. pro- 

duces apthraquinone (Leeds, B. 14, 1882). 

Comhinaticm^Vfiih piorio Aoid it forniB 
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CuH,AH,(NO,),OH [X88 «] ; red needlef.-W4th ; 
dinitrothiopnene: 0 , 4 H, 00 ^( 1 ^ 03 }, S [162®] 
(Boseuberg, J?. 18, 1778). — With nitrio acid; 
O14H10NO3H [125®]. Formed by passing nitrous 
fumes into anthracene suspended in glacial 
HOAo at 20®. White needles or prisms, sol. 
alcohol or benzene, unstable when damp ; con- 
ferted by alkalis into nitroso-anlhrone C,4H9N02, 
[146®] and nitroso-hydroanthrone 
(Liebermann a. Lindcrmann, B. 13, 1536). — 
With nitrio peroxide: C,4H,oN204 [194®]. 
Formed by passing nitrous fumes into anthra- 
cene dissolved in glacial acetic acid cooled below 
16®. Needles or plates, si. sol. alcohol and 
benzene ; unstable when damp ; converted by 
alkalis into nitroso-anthrone.— H y d r 0 - a n - 
thraceno-nitrito, C«H4:C3H,(0N0)3:04H4 (?) 
[126®] is isomeric with the last body. It is 
formed by the action of HNO3 on an acetic 
acid solution of anthracene-di-hydride. Small 
crystals. Easily soluble in benzene. On boil- 
ing with alkalis nitroso-oxanthranol dissolves 
whilst nitronitrosoan throne remains insoluble. 
Oxidation with CrO, converts it into anthra- 
quinone (Liebermann a. Landshofl, B. 14, 407). 

Constitution. — The constitutional formula 
given above is founded chiefly upon Formation 
3, 4, and 2, and upon the formula assigned to 
anthraquiuone {q. v.). Substitution in one of 
the benzene nuclei may be indicated by B pre- 
fixed to a number exactly as in the naphthalene- 
derivatives ; substitution in the group is 
indicated by the prefix A. But in this dictionary 
the notation employed for anthracene derivatives 
is usually exactly the same as that used for 
other benzene compounds (u. Benzene). 

Additional Bcfcrences. — Graebe a. Lieber- 
mann, Z. [2] 4, 279„ 503, 724 ; 5, 602 ; 6, 267 ; 
Fritzsche, N. Petersb. Acad. Bull. 9, 385 ; 13, 
631. V, also Metiiyl-anthbacknb, EtiiyIi-an- 

TURAOENE, BuTYL-ANTHRACENB, AmYL-ANTHEACENE, 

and their hydrides ; also Chloro-, Bromo-, 
Nitro-, anthracene, Anthramine, Anthrol, An- 

THRANOL and SULPHO-ANTHRACENE CARBOXYLIC 
ACID. 

Isoanthracene C14H10. [134°]. Obtained by 
passing di-benzyl-tolueno, C2,Ho„ (from toluene, 
benzyl chloride, and zinc dust) through a red- 
hot tube (Weber a. Zincke, B. 7, 1156). Lainime; 
more soluble than anthracene. Converted by 
CrOj into a quinone C,4H802. 

Para-anthracene C,4H,o. [244°]. Deposited 
when solutions of anthracene are exiiosed to 
sunlight. V. si. sol. alcohol, ether, and benzene. 
Changed into anthracene by fusion. Does not 
combine with picric acid (Schmidt, J. '£r. [2] 9, 
248). 

ANTHRACENE BROMIDE O^HjoBrj. Crys- 
tals formed by adding bromine to a solution of 
anthracene in CSj at 0° (Perkin, 0. N. 39, 
145). Split up by heat into HBr and bromo- 
anthracene. 

ANTHRACENE CARBOXYLIC ACID 

C.jHjoOj i.e. C,4H„.C03H. [280° corr.]. Two 

anthracene carboxylic acids can be dbtained by 
distilling dry erflde potassium anthracene sulpho- 
nate with K4FoCyj, and saponifying the mixture 
of nitriles that results (Liebermann, B. 8, 246 ; 
13, 48). They may be separated by baryta- 
water which forms a soluble salt wit]^ the 


one* with the (7)-acid. 
aoids may be identical. 

(/ 9 )-AAihraoene carboxylic acid. [ 0 . 260®]. 
Yellow needles (from alcohol). Insol. .water, 
el. sol. benzene and ether. Gives anthracene 
when heated with soda-lime, and anthraquinone 
carboxylic acid when oxidised by CrO,. Salts 
with heavy metals are v. sol. water. The acid 
and its salts show blue fluorescence. 

(7) -Anthracene carboxylic acid. [ 0 . 280°]. 
Formed also by reducing anthraquinone car- 
boxylic acid with zinc dust and ammonia (Born- 
stcin, B. 16, 2609). Small plates or needles. 
May be sublimed. Sol. acetic acid and hot 
alcohol, si. sol. cold alcohol and chloroform. 
Its solutions have a blue fluorescence. CrO, 
gives anthraquinone carboxylic acid [285®]. 

Salts.— NaA' : small spangles, si. sol. water; 
fluorescent. All the salts of the heavy metals 
are tolerably insoluble. 

Ethyl ether A'Et : [135°], white plates, 
with blue fluorescence. 

Chloride C,4 Hb.COC 1: yellow crystals, 
soluble in alcohol, ether, benzene, and CS, with 
an intense green fluorescence. 

Amide C,4 Hb.CONH 2: [295®], slender yellow 
needles or plates, si. sol. alcohol with a blue 
fluorescence, insol. water, benzene, CS* and 
chloroform. 

Anthracene (A.)-carboxylic acid 
C,H4:C2H(C0.,H):C6H4. [206°]. From anthra- 

cene and COCl, at 200®, and saponifying the 
chloride by Na2C03Aq (Graebe a. Liebermann, 
B. 2, 678). Formed also by heating (A. !)• 
chloro-anthracene {A. 2) -carboxylic acid with 
alcoholic potash (Behla, B. 20, 701). Silky 
needles (from alcohol) ; decomposed by heat into 
CO2 and anthracene. V. si. sol. water. CrO, 
gives anthraquinone. Cl or Br (1 mol.) gives 
{A. l)-chloro- (or bromo-) anthracene (A. 2)- car- 
boxylic acid. A larger quantity (2 mols.) of Cl or 
Br give (A.)- di-chloro- (or bromo-) anthracene. 

. Cone. H2SO4 gives (B.)-sulpho-anthracene (A.)« 

' carboxylic acid. Salt. — AgA'. 

Methyl ether MeA'. [111®]. Yellowish 
prisms or tables. 

Anthracene -di-m>carboxylio acid 

( 1 ) 

.CHv (2:4) 

OJiX I >CeH,(C02H)3. [above 830®]. Formed 
( 6 ) 

by reduction of an ammoniacal solution of the 
corresponding anthraquinone - wi - di carboxylic 
acid with zinc - dust. Crystalline powder. 
Scarcely sol. water, m. sol. other solvents (Elba 
a. Gunther, B. 20, 1365). 

Anthracene-di-carboxylio acid 
( 1 ) 

< CHy (3:4) 

I [345®]. Formed by 

( 8 ) 

reduction of an ammoniacal solution of anthra- 
quinone-di-carboxylic acid [340°] with zinc-dust. 
Yellow crystalline powder. Scarcely sol. water, 
si. sol. other solvents (Elbs a. Eurich, B. 20, 
1363). 

ANTHRACENE CHLORIDE C,4H,4,C1,. Prom 
anthracene dissolved in CS- at 0® by passing 
in Cl (Perkin, C. J. 31. 200). Needles (from 





benaene). Sjplits up into HCH and chlorautbra* 
eene even in the eold 

AKTHBACENE HYOBIDES. 

Anthracene di-hydride C„H,^ [108^]. (313°). 
Formed by heating anthracene at 160® with 
HI and red P, or by treating a solution in 
alcohol (05 p.c.) with sodium -amalgam. Pre- 
pared by heating antliraquinone (.‘JO pts.), HI 
Jl40 pts. of S.G. 1’8), and red P (10 pts.) with 
inverted condenser for one hour on a sand bath 
(Liebermann, A. Suppl. 7, 265 ; 212, 5}. Large 
monoclinic plates (from alcohol) or needles (by 
sublimation). Insol. water, v. sol. alcohol, ether, 
and benzene. Volatile with steam. Its solu- 
tions fluoresce blue. 

licactions. — 1. Warm cone. H.^S04 forms 
anthracene and SOj. — 2. I3r added to its solu- 
tion in CS^ forms di-bromo-anthraccne.— 3. 
Cone, nitric acid forms hydro-anthracene-nitvite 
(«. si/p.) and dinitroantbrone. — 4. CrOj gives 
anthraquinone. 

Anthracenehexa-hydrideCj^Hj^. [63°]. (290"). 
From oxy-anthraquinone (or anthracene dihy- 
dride), fuming HI and red P by boiling for 20 
hours (Liebermann, A, 212, 25 ; Suppl. 7, 273). 
Plates (from alcohol). Volatile with steam ; v. 
sol. alcohol, ether, and benzene. At a red heat 
it is split up into hydrogen and anthracene. 

ANTHRACENE - HYDRIDE CARBOXYLIC 
ACIDS. 

Anthracene-di-hydride carboxylic acid 
C.jH.A C„H„(CO,H). [203°]. Formed, 

together with the following acid, by reduction 
of anthracene-carboxylic acid, [280” cor.], with 
sodium-amalgam (Bornstein, B, 16, 2612). 
Colourless plates. V. sol. ordinary solvents. 

Authracene-tetra-hydride carboxylic acid 
Ci 4H,3(CO,,H). [165°]. Colourless trimctric tables. 

Anthracene-bexa-hydride carboxylic acid 
C,4n,5(CO.JI). [232°]. Formed by reduction of 
anthracene-carboxylic acid by heating it with 
HI (1*7) and P at 220° (B.). Slender needles. 

ANTHRACENE-DI-HYDRIDE SULPHONIC 
ACID CiJIn-HSOj. Prepared by reduction of 
Bodium anthraquinone sulphonato with HI (S.G, 
1*8) and red P (Liebermann, B. 12, 189, A. 212, 
44). Decomposed by fusion with KOTI with 
formation of anthracene and anthracene hydride. 
NaA'aq : long soluble needles. — L'aA'...— CaA^ 

ANTHRACENE SULPHONIC ACID 
0„H«S03H. 

Fmv}iation . — From anthraquinone sulphonic 
acid, HI (S G. 1*7) , and red P, by boiling for half 
an hour (Liebermann, A. 212, 48). 

Preparation.— ^Tom sodium anthraquinone 
Bulphonate (500 g.), zinc dust (750 g.) and 
ammonia (3 litres of S.G. *88), at 100° 
(A. 212, 57 ; B. 15, 852). On oxidation by 
HNO, it gives anthraquinone sulphonic acid. 

Salts — NaA'daq, v. si. sol. water.— 13a A'«.— 
PbA'3 2aq. 

The existence of (o). and (;8) -anthracene sul- 
phonio acids amongst the disulphonio acids 
obtained by sulphonation of anthracene (Linke, 
J, pr. [21 11, 222) has been denied by Liebermann 
(B. 12, 592). 

(a)-Anthracene-di8alphonic acid 

[l I] C.H.(SO,H):CA;C.H.SO.H [| 4]. 

Preparation. — 1 pt. of anthracene is gently 
healed on a water bath with 3 pts. of H^SO, for 


^ an hour. ■ After dilution xnth water, the Altered 
solution is neutrahsed with PbCOg, and the lead 
salts converted into the sodium salts. 

Since the sodium salt of the (a) -acid is mueb 
less soluble in water containing NaoCOj than 
the sodium salt of the (/8)-aoid it can”be readily 
separated from the latter (which is formed 
simultaneously) (Liebermann a. Boeck, B* 
11, 1613 ; 12, 182, 1287). 

Proparties. — Minute needles. By fusion 
with KOH it gives (o) -dioxyantliraceno 
(chrysazol), which is converted on oxidation into 
clirysazin v. Di-oxY-ANTnaAQUiNONK. 

Salt s. -Na^A" 4aq.— KoA"aq.— CaA" 6aq.— 
BaA" 4aq. 

(;8)-Anthracene-disulphonic acid 
[l I] C.H.(S03H):C,H,;CA.S0,H [| i]. 

Pr(>paraiion. — 1 pt. of anthracene is heated 
to 100°C. with 3 pts. of ILSO^ till half has 
dissolved. It is separated from the (a)-acid, 
simultaneously formed, by conversion into the 
sodium salt. By fusion with KOH it gives a 
dioxyanthracene, which on oxidation is con- 
verted into anthrarufin v. Di-oxy-antituaquinonb. 

Salts. — Na3A"3aq; white leaflets, easily 
soluble with a blue lliiorcscence. — BaA"4aq; 
white leaflets. — A"Pb: crystalline pp. — CuA^'flaq 
(Liebermann a. Bocck, B. 11, 1613 ; 12, 182, 
1287). 

Anthracene - di - sulphonic acid (Flav-), 
C,^H3(S03H),,M Prepared by reduction of sodium 
(a)-anthraquinone di-sulphonate with zinc-dust 
and NH., (Schiller, B. 15, 1807). 

Salt s. — A"Na,, : soluble crystals, its solutions 
have a blue-violet fluorescence.— A"Ba : white 
crystalline powder. 

ANTHRACHRYSONE v, fctm-OxY-ANTHiU* 

QUINONB. 

ANTHRACYL-AMINE v. ANTURAMiyr:. 

ANTHRAFLAVIC ACID v. Di-oxY-ANumAQUl* 

NONE. 

ANTHRA6ALL0L v. (1, 2, 3)-/77-Oxy-ANTHBA. 

QUINONE. 

ANTHRAHYDROQUINONE v. Oxantiibanol. 

ANTHRAMINE C,^II„N i.e. 
C,IIj:(C2H._j):C,,H,Nn3. Anthracylamine. Amido^ 
ayithraccne. Anthrylaminc. [237°J. 

For^nalioji. — 1. By heating amido-anthra- 
quinone with HI and P.— 2. By heating anthroJ 
wRh acetamide at 280° and saponifying the 
acetyl derivative so produced.- -3. By heating 
anthrol with 10 p.c. aqueous Nil., at 250” ; the 
yield is nearly theoretical. — 4. By heating an- 
throl with alcohol and ammonia at 170°. 

Properties . — Yellow plates (from alcohol). 
May bo sublimed ; si. sol. alcohol, the solution 
having a splendid green fluoroscenco. Is a weak 
base, dissolving with difficulty in boiling HOI, 
Forms a blue mass when fused with arsenic 
acid. Is readily methylated. 

Reactions,— 1. Does not give the carbamine 
or mustard oil tests.— 2. Boiling HO Ac gives 
di-anthramine. — 3. Chloroform and alcoholic 
potash gifve rise to dl-anthryl-formamidine 
C,4H,.NH.CH:N.C,4H9.— 4. Nitrbns acid give# 
CaiHjiNjO, [250°], a body which forms a red solu- 
tion in GS.^, and a blue solution in HgSO,. 

Salts.— BUCl: white iridescent plates, sL 
sol. wateK; formed by adding HCl to an aleobolio 





Rolution of tho bote. Its solution does not 
flaoresee.--B^ 2 H 2 S 04 1 v, si. sol. water. 

Acetyl derivative O^H^NHAo. [240*^. 
Plates. Its alcoholio solution fluoresces blue. 
CrO, gives acetyl-amido-anthraquinone. 

Formyl derivative CnHoNH.CHO. 
[242°]. Small yellowish -green crystals, si. soL 
alcohol, with green fluorescence. 

JRe/(Cre»i€es.— Koemer, B. 16, 223 ; Lieherraann 
a. Bollert, B, 15, 226, 852 ; 16, 1635 ; A. 212, 67. 

Di-anthramine C,.sH,gN i.e. (C, 4 H 9 ).jNH. DU 
anihracylamine. Prepared by boiling anthra- 
mine with acetic acid (Bollert, B. 16, 1636). 
Does not melt at 320°. Small glistening plates. 
Very sparingly soluble in all solvents. 

ANTHRAMINE-DI-HYDEIDE 
Slender colourless needles. Very soluble in 
alcohol. Formed by reduction of anthrarnine with 
sodium-amalgam. — B'HCl: sparingly soluble 
white needles (Liebermann a. Bollert, B. 15, 853). 

ANTHRANIL C,H,NO i.e. (?). 

o-Amido‘hmzoic lactam, (o. 213'’). V.D. 
4*14 (obs.). Formed by reduction of o-nitro- 
benzaldehyde with tin and acetic acid (Fried- 
lander a. Henriques, B. 16, 2105). Colourless oil ; 
volatile with steam. Soluble in ordinary solvents, 
but sparingly in water. Very weak basic properties. 
Deduces salts of gold and silver to the metal. 
By alkalis it is converted into anthranilic acid 
of which it is the anhydride. Double compnuul 
OjK-^NGHgClo : [174 ’] ; slender needles, sol. 
alcohol and hot water, si. sol. cold water. 

.CO 

Benzoyl derivative \ . [123’]. 

\nBz 

(above 360° with decomposition). Formed by 
heating isaloic acid* with BzCl (E. v. Meyer, J. 
pr. [2] 33, 19). Long white noodles; readily 
takes up H,_jO forming bcnzoyl-antliranilic acid 
(Fricdlandcr a, Wleugel, B. 16, 2229). 

ANTHKANIL r-CARBOXYLlC ACID v. 

ISATOJC ACID. 

ANTHRANILIC ACID v. o-Amido-benzoic 

ACID. 

anthranol o,.n,„o u . 

.C(OH). 

CeH/ I >CeH 4 . (1C3°-170°). From an- 
\CH ^ 

thraquinone (30 g.), HI (140 g. of S.G. 1-75), 
and red P (8 g.), by 15 minutes’ digestjon 
(Liebermann, A. 212, 6). Needles (from benzene), 
its alcoholic solution shows blue fluorescence. 
Decomposed by heat, becoming greenish. Dis- 
solves in aqueous KOH, forming a yellow liquid, 
whence CO^ pps. the anthranol. The alkaline 
solution is oxidised by air, some anthraquinone 
being formed. CrOg in glacial HOAc completely 
oxidises anthranol to anthraquinone. 

Acetyl derivative. [126°-131°]. White 
needles (from dilute alcohol). 

ANTHRANOL DIHYDRIDE 

Preparation.— bQ^vms.oi anthraquinone are 
mixed with lOJ grms. of zinc dust and heated 
over a water-bath with 300 c.c. ammonia and 
200 0 . 0 . of water. The liquid turns at first blood- 
red from.oxanthranol, but after three hours this 
it reduced, the liquid becoming yellow. The , 
liquid is Stored, the pp. dried at* 15°, and j 


m 

exiraot^d with boiling benzoline (40°^60°), from 
which the anthranol dil^dride jcrystallises on 
cooling (H. R. v. Perger, J.pr. [2] 23, 189). 

Pr^ertios . — Slender satiny needles, which dis- 
solve in benzoline, forming a solution with bluish 
fluorescence. May bo crystallised from boiling 
water, but by long-continued boiling with water 
or with alcohol it is converted into anthracene S 

DIANTHRANYL C^H,, i.e. 

HC — C-0 — CH. [300°]. Yellowish plate,. 

^n, 

Formed by heating anthrapinacone 
with acetyl chloride (K. Schulze, B. 18, 3035). 
ANIHRAPINACONE 

CH.,<Q>C(OH)-C(OH)<^\cH,. 

[c. 182°]. Formed as a by-product of the re- 
duction of anthraquinone to dihydroanthranol 
by means of zinc-dust and NH^. Long slender 
white needles. Sol. hot benzene, toluene, or 
xylene, si. sol. alcohol, insol. petroleum-ether. 
On heating with acetyl chloride, 2.H.p is removed 
giving dianthranyl (Schulze,* D. 18, 3034). 

ANTHRAPURPURIN v. Tri-OxY-ANTHRAQDi- 

KONB. 

ANTHRAQITINOL v. Oxantiibanol. 
ANTHRAQUINOLINE C,rH„N i.e. 


H 

II 


H 


CH 


[170°]. (446°). 


C-a /.C-N-CH 

\^CH = fcH 

Formalmi. — 1 . By heating alizarin-blue 
with zinc-dust. — 2. By heating a mixture of 
anthrarnine, nitrobenzene, glycerin, and H 2 SO 4 
(Graebe, B. 17,170; A. 201, 344). 

Properties. — Tables, insol. water, sol. alcohol 
and ether; its solutions show intense blue fluo- 
rescence. Its salts are yellow and possess in 
solution an intense green fluorescence. B'HOl.— 
B',H.,PtCl„.— B'HL— B'n,S 04 . 

Coui/wmffons.— With picric acid it formi 
C,jH,iN CaH,,(N().,).,On : slender yellow needles. 
With ethyl iodide: B'Etl; golden needles, v, 
Bol. hot, si. sol. cold, water. 

Quinone C,,H,,N 02 . [185’]. Formed from 

the preceding by CrO;,." Yellow prisms or needles, 
insol. water, sol. in alcohol and ether. Salts . — 
B'HCl: sulphur-yellow needles, si. sol. water, 
but slowly decomposed by it. - B'jH^PtClg. Picric 
acid compound B'CgHgNgO,: golden needles. 

ANTHRAQUINONE 

C,,H,0,i.e. Mol. w. 208L 

[273°]. S. (alcohol) *05 at 18°; 2*26 at 78°. 
V.D. 7*33 (calc. 7-20WGraebe, B. 6, 16). 

Formation. — 1. By oxidation of anthracene 
(Laurent, A. Ch. [2] 60, 220; 72, 416; A. 84, 
287 ; Anderson, C. J. 16, 44). — 2. From phthalyl 
chloride by heating with benzene and zino-dust 
in sealed tubes at 220° (Piccard, B. 7, 1785) or 
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by treatment with (Friedel a. Orafts, BU 
[2] 29, 49).^8, By dry dietillation ot oaloiam 
phthalate (Panaotovita, B, 17, 312].— 4. To- 
gether with benzophenone by distillation of 
calcium benzoate (Kekul6 a. Franchimont, B, 

5, 908).— 6. By heating o-(but not jp-) benzoyl- 
benzoic acid withP^Oj at 200° and extracting 
with benzene (yield 20 p.o. ; Behr a. Van Dorp, JB. 
7, 678).— 6. In small quantity, by distilling 
benzoic acid with P.^Oj (K. a. F.).— 7. From 
phenyl o-tolyl ketone, MnOo, and H-^SO^Aq (Behr 
a. Dorp, B, 6, 753 ; 7, 16)."— 8. By acting on o- 
bromo-benzyl bromide dissolved in ether with 
Na and oxidising the product (anthracene) with 
CrOg (Jackson a. White, Am. 2, 390).— 9. By 
action of water on * anthraquinone chloride’ 
Oi^HgClgO, obtained by passing chlorine into 
phenyl o-tolyl ketone at 110° (Thorner a. Zincke, 
B. 10, 1479). 

Preparation. — Anthracene is dissolved in 
glacial acetic acid; K2Cr20, or CrOg is added; 
the liquid is then heated to 100°, the acetic 
acid is distilled oS and the anthraquinone ppd. 
by water. Large quantities are prepared by 
oxidising anthracene (100 kilos.) with KjCrgO, 
(150 kilos.) sulphuric acid (200 kilos.) and water 
(2,000 kilos.). 

Properties.— Yellow needles (by sublimation). 
Insol. water, v. si. sol. alcohol, si. sol. benzene. 
Not attacked by alcoholic KOH at 200° ; or by 
cold Br. 

Beactions.—l. Brcmine at 100° forms di- 
bromo-anthraquinone (2. v.). — 2. ELI and P form 
anthranol and anthracene dihydride.— 3. Heated 
with zinc dust to dull redness it is reduced to 
anthracene. — 4. Zinc dust and aqueous NaOH 
giveoxanthranol, CaH^:(^02H202):CttH4 (^.u.): when 
alkyl iodides are added alkyl oxanthranols are 
got. When stronger soda is used and the 
alkyl iodide is not added until the reduction is 
complete, alkyhhydro-anthranols {v. Hydro- 
ihthranol) are got (Liebermann, A. 212, 100). — 

6. Zinc dust and aqueous NH, give dihydro- 
oxanthranol, C«H4:(C2H402):C,Il4.-6. PCI, di- 
luted with PCI3 at 200° forms chlorinated 
anthraquinones (Graebe a. Liebermann, A. 160, 
121).— 7. Potos/t-/zi5io» at 250° forms potassium 
benzoate. 

Constitution,— The formation ot anthra- 
quinone from phthalyl chloride (q. v.) and bea- 
aene might be thought to indicate the formula 




This formula is open to 


several objections : — (a) the group CgH4:0^ is 
unknown; (b) it represents a lactone which 
should bo converted by KOH into an oxy acid ; 
^) anthraquinone reacts with hydroxylamine 
while phthalido and its derivatives do not 
(B. V. Meyer, J. jpr. [2] 29, 139, 496 ; V. Meyer, 
B, 17, 818). There remains the formula 


OgHg<^^Q>CgH4, which agrees with that of 


anthracene CgH^ 




and must there- 


fore be adopted. Bromo-phthalic acid, benzene, 
and AICI3 give bromo-benzoyl-benzoic acid, 
CO^.O^HgBr.CO.OgHg, in which it is evident that 
the carbonyls are 0 to one another. Cone. HgSOg 
condenses this acid to bromo-anthraquinone, 


I whence potash-fusion forms an oxy-antbraqu 
I none from which phtbalio (not oxy-pbthalio) aoii 
can be obtained by nitric acid. Hence the iw< 
carbonyls are 0 to one another in both beneem 
nuclei (Pechmann, B. 12, 2125). 

Derivatives of anthraquinone are described ai 
Chloro-antiiraquinonb, Brouo-arthbaquinokb, 
OxY - anthraquinone, Oxy • methyl - anthraqui- 
none, Methyl-anthraquinone. 

ANTHRAQUINONE CARBOXYLIC ACID 
C„HgOg i.e. CgH4:(C202):CgH3C02H. [282°- 

284°]. Obtained by boiling methyl-anthracene 
(Weiler, B. 7,1186; 0. Fischer, B. 7, 1196; 
Liebermann, A. 183, 166; J.:pp a. Schultz, B, 
10, 1051), methyl -anthraquinone (Hammer- 
Bchlag, B. 11, 82), or anthracene carboxylic 
acid [280°] (Liebermann a. v. Rath, B. 8, 248), 
with CrOg and HOAc, or the compound Ci9H,40 
(obtained by action of cone. H2SO4 on amyl- 
oxanthranol) with CrOg and H2SC)4 (Liebermann, 
A. 212, 97). 

Properties. — Compact yellow prisms (from 
alcohol); yellow needles (by sublimation); v. 
si. sol. HOAc, benzene, and alcohol, v. sol. 
acetone. Decomposed by heat into CO2 and 
anthraquinone. The sodium salt is insol. 
NaOHAq. 

Salts.— BaA'2(?Aq) needles, v. sol. hot 
water. — Ca A'2(?Aq). 

The following derivatives are got from the 
acid obtained by oxidising methyl-anthraquinone 
(Liebermann a. Glock, B. 17, 888). 

Ethyl ether A'Et; [147°], needles, easily 
soluble in alcohol. 

Chloride C,4H,02.C0C1 ; [147°], needles, 
very stable towards water. 

Amide C,4H,02.C0.NH2: [above 280°], 
needles, very stable compound. 

Anilide C,4H,02.C0.NHPh: [260°], needles, 
very sparingly soluble in most solvents. 

(7) -Anthraquinone carboxylic acid. [285°]. 
From the corresponding anthracene carboxylic 
acid (Liebermann a. Bisohof, B. 13, 49). Yellow 
needles (from glacial HOAc). Its alkaline solu- 
tions do not fluoresce. Its barium salt is v. si. 
sol. water. This acid may be identical with the 
preceding. 

Anthraquinone-di-m-carboxylic acid 

( 1 ) 

rn (2: 0 

0,H4<^5>C,H2(C0aH).4. [above 330°]. Formed 
(fi) 

by oxidation of the corresponding m-di-methyl- 
anthraccne. Yellow needles. Nearly insol. 
water, si. sol. other solvents. Dissolves in 
aqueous NH, with a red colour ; the NH4 salt 
crystallises in easily soluble small red warts ; 
its solution gives with AgNOg a reddish pp. of 
A"Ag.M By zinc -dust and aqueous NH^ the acid 
is reduced to anthracene-m-di-carboxylio acid 
(Elbs a. Giinthcr, B. 20, 1364). 

Anthraquinone-di-carbozylio acid 

ncx (3>4) 

C„H4<^^>C3H,(C03H)3. [340°]. Formed by 
(G) ' 

oxidation of di-methyl-anthraquihone [183°] by 
HNOj (1-2) at 220°. Yellow needles. Scarcely 
sol. water, si. sol. most other solvents. Dissolve* 
in aqueous NH, with a red colour. On heating 
il loee* li,0, giving the anhydride. By lino- 
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4ujit and aqnaous NH, it is rednoed to anthra- 
cene-di -carboxylic acid [345®]. The solution of 
the NH4 salt gives pps. with OaOl,, Pb(OAo)2, 
and AgNOa. 

Anhydridt O.H..CA.OA<°^0 : 

[290°] ; sublimes in small yellow needles (Elba 
a. Eurioh, B. 20, 1362). 

ANTHEAQUINONE-OXIM 

c.h.<co^™^>0A- 

Formed by heating anthraquinone with hydroxyl- 
amine hydrochloride and alcohol at 180° (Gold- 
schmidt, uS. 16,2179). Red crystalline powder. 
Sublimes without melting above 200 \ Dissolves 
in H2SO4 with an intense yellow colour. 

ANTHRAQUINONE SULPHONIC ACID 
OuH^SOj i.e. C,H,:(COh:C,H,,SO,U. Formed 
together with the disulphonic acid by heating 
anthraquinone (1 pt.) with H^SO^ (2^ pts.) at 
260°.^ Also from diamido -anthraquinone sul- 
phonio acid by diazo reaction; and from 0- 
benzoyl-benzoio acid and fuming H.,S04 (Diebor- 
mann, A. 160, 131; Stippl. 7,805; v. Perger, 
J.pr, [2j 19. 218). 

Properties. — Yellow scales, v. sol. water and 
alcohol, V. si. sol. H^SO^ and ether. 

Reactiom. — 1. Fused with potash it forms 
alizarin, oxy-anthraquinono, and benzoic, p- 
oxy-benzoio and protocatechuio acids.— 2. HI 
and P form anthracene sulphonio acid and its 
dihydride. — 3. Anthracene sulphonio acid is also 
produced by sodium-amalgam, and by ehic-dust 
and ammonia.—i. Ammonia at 190° forms 
amido-anthraquinone.— 5. Distillation of the 
sodium salt produces, besides small quantities 
of anthraquinone and oxyanthraquinone, chiefly 
a compound which melts far above 

300°. This compound forms minute reddish- 
yellow needles (from glacial HO Ac), si. sol. IIOAc, 
toluene, phenol, and aniline, v. si. sol. alcohol. 
At a high temperature it may bo sublimed. It 
is insol. alkalis, but forms a crimson solu- 
tion in cone. H^SO^. Distilled with zinc dust 
it yields anthracene. Fused with potash it 
gives alizarin. Its constitution is perhaps 
^<iH4:(C0)2:0aH30.CaH30:(C0)2:CyH4. Chromic 
acid oxidises it to colourless C,,H,0., (296 d, 
possibly 0^H4:(C0)2;0aH202. This forms trans- 
parent plates, insol. aqueous alkalis, v. si. sol. 
boiling benzene, si. sol. acetic acid, m. pol. 
aniline. It may be sublimed. Alcoholic KOH 
forms a violet solution decolorised by shaking 
with air. Distillation with zinc dust produces 
anthracene (A. G. Perkin a. W. H. Perkin, iuu.. 
J5.18, 1723; C. /.47, 682). 

Salts.— BaA'jaq ; small leaflets, si. sol. 
water.— CaA'2 2aq : si. sol. water.— NaA' aq ; 
white leaflets, si. sol. water. 

Chloride 0, JIA.SOaCl. [193°]. Light 
yellow plates ; sol. benzene and acetic acid, v. 
b 1. sol. alcohol and ether. Converted by di- 
methyl-aniline into the 8 u Ip hone 
0i4H,02.S02.C,H,NMe2. [171°]. 

Amide C,4H,02.S0,NH2. [261°]. tiongyellow 
needles ; almo^ insoluble in alcohol, chloroform 
and CSj. 

Anilide C,4H,02.S02NHPh. [198°]. Long 
prisms ; sol. alcohol and acetic acid. 

Additional Re/ere»ccs.— Liebermann, A. 212, 
42; H. 12, 189, 1293, 1697; McHoul, jB. 13, 692. 
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(a}.Aat]iraqiil]ion0 disulphonio aold 
0,4H,02(S0,H)2. When anthraquinone (1 pt.) is 
heated with fuming HjSO, (2^ pts.) at 170°, or 
when diohloro-anthracene or di-bromo-anthra- 
ceno is similarly treated, a mixture of (a) and 
(8) disulphonio acids is got. The salts of tne (a) 
acid are less soluble and less crystalline than 
those of the (0) acid. The (o) acid is converted 
by potash-fusion into anthraflavin (di-oxy-anth- 
raquinone), oxy-anthruquinone sulphonic acid,- 
and flavopurpurin (tri-oxy-anthraquinone). 

S alt s.— Na,,A" 7aq.— BaA" aq.— PbA" aq. 
(3)-Anthraquinone di-sulphonic acid. Pre- 
pared as above. Potash-fusion produces iso-anth- 
raflavin (di-oxy-anthraquinone) and iso-purpurin 
(tri-oxy-anthraquinone). The sodium salt 
heated with NH^Aq at 180° produces 
C,4H,(On)(NH.,)(SO:.H) (Bourcart, Bl. [2] 33,264). 
Salts. — Na A" 4aq. — BaA" 2aq. — PbA"aq. 
X-Anthraquinone-disulphonic acid 0, .HgOgSo 
i.e. C3H.,(S0,H):(C0)3:CuH3.S03H. Prepared by 
oxidation of (;8)-anthracene-di-aulphonio acid. 
On fusion with KOH it first gives chrysazin (di- 
oxy-anthraquinono) and then oxyohrysazin (tri- 
oxy-anthraquinone). 

Salts. — Na.A"4aq : yellow prisms. 

(p) - Anthraquinone-disulphonic acid 
0„H.OAt.e. [3I] C,H.(S0,H)(C0),0.H,S0,H 
ej. Prepared by oxidation of (a)-aDUirs- 
cone-disulphonic acid. On fusion with KOH 
it first gives anthrarufin (di-oxy-anthraquinone) 
and then oxy -chrysazin. Salts.— Na^^^Saq : 
yellow leaflets, sol. water. 

References. — Graebe a. Licbermann, A. 160, 
134 ; B. 3, 036 ; 7, 805 ; Liebermann a. Dehnst. 
B. 12, 1288 ; Perkin, C. N. 22, 37 ; A. 158, 323 ; 
Schunck a. Roemer, B. 9, 379 ; 10, 1821. 

ANTHRAQUINONE CHLORIDE v. Anthra- 
guiNONE, Formation 9. 

ANTHRARUFIN v. Di-OxY-ANTitUAQUiNONB, 
ANTHROL C,4n,oO i.e, C,H,(C JI,)0,H30n. 
Formation. — 1. From oxy-antliraquinoneand 
III.— 2. By fusing anthracene sulphonio acid 
with potash. 

Preparation. — Crude sodium anthraquinone 
sulphonate (1 pt.) is heated on a water bath for 
a few hours with IJ pts. of zinc-dust and 7 pts. 
of cone, ammonia ; the anthracene sulphonate 
thus obtained is fused with NaOH. Leaflets or 
needles (from dilute alcohol). Insol. water, v. sol, 
alcohol, acetone, or ether. Decomposes at 200°. 
Insol. in NH.,Aq, soluble in KOlIAq or baryta- 
water, forming a yellow solution with green fluo- 
rescence. Its alcoholic solution shows a violet 
fluorescence. Cone. ILSO^ gives a yellow so- 
lution, turned blue by heat. A drop of fuming 
HNO3 added to its solution in glacial acetio acid 
gives a transient green colour. Its alcoholic 
solution reduces warm AgNO.,. 

Acetyl derivative [i98°J. Microscopic 
leaflets. Dirticultly soluble in cold acetio acid, 
easily in CyH,,. CrO^ in HOAo converts it into 
the acetyl derivative of oxy-anthraquinone. 

Ethyl derivative [146°]. Needles. 
Methyl derivative [0. 178°]. 
jBfl/ercnces.— Liebermann a. Hermann, B, 12, 
689 ; L. a. Hagen, B. 15, 1427 ; L. a. Bollert, B, 

15, 226 ; L., A. 212, 26, 49. 

Isomerides have been described by Linke. J, 
pr. [2J 11, 227. 
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®iA(OH)(SO,H). Formed by careful fusion of 
•nthraoene-di-sulphonio acid with KOH. 

Salta. — A'Na: crystals si. sol. cold water. — 
A'JBa : plat es or needles (Schuler, B. 15, 1808). 

ANTHBOPIC ACID. Shown by Hcintz (P. 
84, 238 ; 87, 233) to be a mixture of palmitic 
and stearic acids. 

ANTHBOPOCHOLIC ACID Ci8H2804 2aq. 
[146®]. [«]d 50°. The cholic acid of human 
bile. The bile is extracted with alcohol ; evapo- 
rated ; extracted with dry alcohol, and the pp. 
(probably a mixture of sodium glyeo-, and tauro-, 
anthropocholates) is decomposed by boiling with 
baryba-water (Bayer, H. 3, 293). 

Properties. — Groups of prisma, insol. water, 
V. e. sol. alcohol, v. sol. ether, m. sol. chloroform. 
Laevorotatory. Fusion changes it into an amor- 
phous dy sly sin C,8lL.80a. 

Salt 3.— KA' : v. o. sol. water. — BaA'j (? Aq) : 
silky plates, si. sol. water. 

ANTHBOXANIC ACID 

^C-COaH 

C8H,N03t.e.C,H/|>0 (?) 

[191®]. Obtained by oxidation of anthroxanic 
aldehyde with dilute KMnOi (Schillinger a. 
Wleugcl, B. 10, 2224). White felted needles. 
Sol. acetone and hot water, v. si. sol. cold water, 
si. sol. alcohol, ether, and benzene. Strong acid. 
On reduction with FeSO< and NEjit yields isatic 
acid. 

ANTHROXANIC ALDEHYDE 

>0-'CH0 

C^H.NO, i.e. C^h/ I >0 (?) 

[73°]. Obtained by heating a solution of o-nitro- 
(^)-oxy -cinnamic acid in an equal weight of 
acetic acid to 100° for a few liours, diluting the 
product with water, neutralising with CaCO.„ 
distilling with steam, and extracting the distillate 
with ether. Long yellowish needles. Sublimable. 
Volatile with steam. Easily soluble in hot water 
and in most other solvents except ligroine. 

The addition of zinc-dust to the dilute 
ammoniacal solution produces a reddish-violet 
colouration. It combines with bisulphites and 
reddens fuclisin-sulphurous acid. With aniline 
it yields a crystalline anilitlc which melts at 
about 40° (Schillinger a. Wleiigel, B. 16, 2222). 

DI-ANTHBYL-EOBM AMIDINE v. Anthiia- 
MINE, reactiojy 3. 

ANTIABINC„H,„05 2afi(?). [221'^]. Poison- 
ous substance in the milky juice of Antiaris toxi- 
earia or Upas Antjar, used to poison arrows 
(Mulder, A. 28, 304 ; Ludwig a. de Vry, Z, 1869, 
361 ; Pelletier a. Caventou, A. Ch. 26, 57). 

ANTIMONIDES. — Binary compounds, or 
rather alloys, of Sb with more positive metals. 
Most c4 these bodies are of somewhat vague 
compositions ; some occur as minerals (v. Anti- 
UONV, Combinations, No. 10). 

ANTIMONY. Sb. {Antimonium, or Stibium 
fnetallicum; liegulus antimonii). At. w. 120. 
Mol. w. probably 120, v. Biltz a. Meyer, B. 22, 
725. [about 42.5'^] (between 1090° and 1450^) 
(Carnelley a. Williams, C. J. 35, 666). S.G. 6*71 

to 6*86; 6-697 (SchrSder, J. 1859. 12) 

8.O. (melted) 6*63 to 6*65 (Playfair a. Joule, C. 


flf. Mm. 8, 87). B.H. (0®,100®) *0495 rBunseii 
P. 141, 1); *0623 (Kopp, A, Suppl 8, 68); 
(0°-33®) *049 ; ( - 21° to 0°) *048 ; ( -~76° to - 21®) 
•047 (Pebal a. Jahn, W. 27, 684). C.B. (cub. 
0°-100°) *003161 (Matthiesson, P. 130, 60); 
(lin. 40°) *00001162 (Fizeau, C. B. 68, 1126). 
T.C. (Ag = 100) 4-03 (Lorenz, W. 13,422). E.O. 
(Hg at 0° = 1) 2-05 at 0°, 1-42 at 100° (Lorenz, 
Ic.). Chief linos in spectrum, 6128*6, 6078, 
6003-5 (Thal6n,A. Ch. [4] 18, 243). Crystallises 
in rhombohedra, approaching cubes (Marx, S. 
69, 211) ; isomorphoua with As, Bi, and Te. 

Occurrence.—'iiatiyQ ; but chiefly as sulphide 
SboS, {Stibyiite), and as double sulphide with 
PbS, CuS, Ag.^S, NiS, Ac.; as oxide in small quan. 
titles; in various iron ores; in ferruginous 
mineral waters ; in some gas coals ; in certain 
river sands (Campbell, P. AT. [4] 20, 304 ; 21, 318). 

Preparation.- -Hho sulphide is fused, tosepa- 
rate gangue, and roasted in air ; the oxide thus 
produced is reduced by heating with charcoal or 
coal. Or the sulphide is reduced by charcoal or 
by iron. The crude metal (16 parts) is purified 
by fusion with dry NaXO., (2 parts) and Sb.S, 
(1 part), for an hour in a Hessian crucible; the 
regulus is sei)arated and again fused for an hour 
with IJ parts NaXO„ and this is repeated with 
1 part NaXOg a second time (Bensch, A. 5, 20). 
Or the crude metal is fused with NaNOj and 
Na^COa (details, v. Meyer, A. 66, 238). Pure Sb 
is prepared by Dexter {J.pr. 18, 449) by fusing 
dry H3Sb04 with lampblack, and then with a 
little Sb^^Oj. Capitaine (P. 100, 503) prepares 
the pure metal by heating tartar-emetic in a 
closed crucible. Bongartz (P. 16, 1942) digests 
pure SbCla with (NlIJ-^SAq in Pt vessels, 
electrolyses, fuses with pure Na.^CO.,, treats with 
dilute riClAq, cleans with sdh sand, and dries. 
Cooke (P. Am. A. [2] 5, 1) reduces NaSbOj, by 
KCN, and fuses the 8b under Sb^O^ for several 
i hours. Pure cry.stalline Sb may be obtained, 

: according to Pfeifer (A. 200, 161), by electrolysing 
• a solution of SbClg in HClAq containing not 
I more than 7 p.o. SbClj. Metallic antimony 
j seems to have been known since the end of the 
i 15th century. The sulphide was known to the 
; ancients as Stibium. 

I Projjcriifs.— Brittle, hard, silver-whitc, metal- 
like; easily crystallised, isomoqihous with As 
and Te, melts easily [425°] ; volatilises at bright 
red heat in open vessel with simultaneous pro- 
duction of Sb.,Oa ; scarcely volatilises in absence 
of air; but slightly \olatile in vacuo at 292® 
(Demar<;;ay, C. R. 95, 183) ; may be distilled in 
H at white heat. Unchanged in air at ordinary 
temperatures ; melted on charcoal before blow- 
pipe and then exposed to stream of air, pure Sb 
burns easily to Sb^O^ ; if traces of lead or iron 
are present a yellow or reddish sublimate ia 
produced on burning before blow-pipe. By 
electrolysis of SbCIg in HClAq, under special con- 
ditions, a lustrous silver-like deposit is obtained 
on the negative electrode ; this deposit when dry 
explodes when rubbed with a hard substance, 
or when lAjated to 200°, with formation of 
clouds of SbCl, ; a similar changn occurs when 
the deposit is heated under water to 75°, but at 
ordinary temperatures it may be rubbed with a 
hard body under water without change. Thie 
so csXiodi explosive awtimony contains SbCSf 
varying nom 8 to 20 p.c. A similar At* 
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ploiiye nabstaotfe is obtainod by eleetrolysing ReacHont^-yh Wator is noi decomposed at 
BbBrg in HBrAq, or Sbl, in HIAq; the former ordinary temperatures by Sb ; but at a red heat 
eontains 18 to 20 p.o. SbBr„ it explodes at it reacts with steam to produce oxide of Sb and 
160^ ; the latter contains 22 p.o. HI and H. — 2. Dilute nitric acid digested with finely 
also Sblj, it explodes at 160® (Gore, Pr. 9, 70 powdered Sb forms a compound of Sb^Og with 
and 304; ibid. C. J. [2] 1, 365; Bottger, eT'. pr. N.p^; stronger acid forms chiefly SbPs.a;IIjG 
73, 484 ; 107, 43). According to Bottger (0. C. andSbaO^—S. Sulphuric acid teQ.Qismih Sbonly 
1876. 674) explosive antimony also contains when cone, and hot ; SO^ is evolved, and a com- 
occluded hydrogen.^ pound, or compounds, of ShD^ with SO, pro- 

The atomic weight of Sb has been deter- duced.---4. By the aotiou of aqueous sw/p//?(rowa 
mined (i.) by analysing and determining V.D. of acid at 200® in a closed tube Sb.Sg is produced, 
certain gaseous compounds, particularly SbCl., 6. Hydrochloric acid forms SbCi, when heated 
and 86(0113)3 ; (ii.) by measuring the S.H. of with powdered Sb ; in absence of air no action 
8b; (iii.) by comparing isomorphous compounds occurs (Cooke, P. Am. A. [2] fi, 1).— 6. Aqua 
of Sb, As, and Bi ; (iv.) by analyses of ShB, 7‘Cfjia dissolves Sb forming SbClg.-- 7. Solid 
(Schneider, P. 98, 293), SbClj (Weber, P. 98, qAiosphoric acid and carbon heated with Sb form 
455 ; Dexter, P. 100, 563 ; Dumas, G. B. 46, jihosphide of Sb. — 8. Alkali nitrates and chlo- 
051 ; Kessler, P. 95, 204, 113, 134), SbBrj rates heated with Sb form alkali antimonatea 

and Sblj, and by synthesis of Sb.Ba (Cooke, and generally also SboOg.— 9. Alkali sulphates 

P. Am. A. [2] 6, 1 ; 7, 251 ; 9, 1 ; B. 13, 951) form SkSg, alkali sulphide, alkali antimonate, 
(comp, also Kessler, B. 12, 1044 ; Schneider, and Sh^O,. 

J. pr. [2] 22, 131 ; and Bongartz, B. 16, 1942). Comhhiations. — 1. With nascent hydrogen 
Some of the earlier determinations gave the SbTla is formed {q. v.). — 2. With chlorine, 
number 122 ; but the researches of Cooke have hroiniiic, or iodine, the compounds SbCla and 
established the value 120. The atom of Sb is SbCI., Sblir.,, and Sbl., are produced {q. v.).— 
trivalent in gaseous molecules, SbClj, Sb(CH3)s. 3. With fluorine (action of HKAq on Sb^Og. 
Antimony combines with oxygen and chlorine and Sbo05.3Tip) SbF., and SbFj are formed 
with production of heat : [Sb^O^ 311-01 = 167,420, {q. m). — 4. Sh combines with oxygen to form 
[Sb=, O', 3H-0] = 228,780, [Sb, CP] - 91,390, Sb,0„ and Sb.,0, {q. v.); SbA (7- v.) is pro- 

[Sb, Cl’’] = 101,870 {Th. 2, 240). Antimony is duced by the action of cone. IINO3.--6. The 

oxidised by strong HNO3, or % heating with sulphide Sh-Sj {q. v.) may be obtained by heat- 
various inetallic oxides, e.g. MnO^, PbO^; hot ing Sb with sulphur; the pentasulphide SbjjS, 
cone, H.SO^ forms Sbo.SSO^ ; Sb combines with (q. v.) is best produced by decomposing Na^ShS^ 
Cl or Br with production of light. Pure Sb is by an acid.— 6. Heated with selenion SbjjSe, 
unacted on by HClAq out of contact with air ; is formed as a greyish metal-like solid (Berze- 
in presence of a littlo HNOgAq solution pro- lius; alsoHofacker.il. 107,6 ; also Uelsmann, 
ceeds rapidly (Cooke, P. A^n. A. [2] 5, 1). i4. 116, 124). Sb.^Se3 fused with Se and an alkali 
Antimony forms three oxides Sb.,Og, Sb.D^, and forms alkali seleno-antimonato {e.g. NajSbSoi) ; 
Sb.jOai various compounds corresponding to the this compound is decomposed by acids, in. 
first and third arc known. Antimony is more absence of air, with ppn. of brown SbgSoj. 
metallic than arsenic, whether considered (Hofacker, l.c). — 7. With tellurium (Oppen- 
physically or chemically. Hydrated antimo- hoim, J. pr. 71, 277) Sb forms either iron-grey 
nious oxide, SbA-3IiP( = Sb(OH)9), is known, SbTe, or tin-white SkTe, (S.G. of latter 
and reacts as a feeble base ; if one- third part of = 6*47-6’51 ; Bbdeker a. Gicsecke). — 
the H is replaced by K the remaining Oil groups 8. Phosphorus is said to combine with Sb to 
may be replaced by the residue of tartaric acid, form a tin-white brittle phosphide containing 
with formation of Sb.OK.CAA (v* Antimonious 15-5 p.c. P (Landgrebe, S. 53, 469). By the 
OXIDE, Beactions, No. 4). Various compounds action of P (in CSj) on SbBrg (in CS-J a red 
of SboOg with SO3 {v. Antimonious oxide, Be- powder, PSb, is obtained (Macivor, B. 0, 1362). — 
actio7is, No. 3), and at least one with N.A 9. Sb combines with arsenic, by fusion under 
are known. A few unstable salts derived frqm boric acid, to form crystalline Sb.As (Descampes, 
the hypothetical hydrate SbO.OII f = SbA-II-jG) C. B. 86, 1065). The compound SbjjAs, occurs 
are known, so tliat Sb.D., acts both towards native as allamontite. — 10. Antimony forms 
strong acids and strong alkalis as a feeble s.alt- allotjs with many inetals ; they are usually pre- 
forming oxide: thus [211ClAq, 2Sb’-0*Aq] = 4,720; duced by melting together Sb and the specified 
whereas [2HC1 Aq, 2Na'‘'OAqj = 25,500 {Th. 2, metal. The alloys with K and Na are produced by 
241). The thio-antimonites are few in number and fusing Sb with KjCOg (or Na..COj) and 0, or by 
their stability is decidedly less than that of the reducing Sb^Og witii h^.C^li^Og at high tem* 
thio-arsenites. The compounds of Sb which most peratures; they decompose water with evolutioa 
decidedly exhibit negative or acidic fimctions aro of Hand separation of Sb ; if containing much 
SbA^^^^h^S*; the same holds good for As. The K or Na they take fire in the air. The alloys 
haloid compounds of Sb form many well-marked of Sb are usually lustrous, hard, and brittle, 
double salts. Many oxyhaloid compounds are The alloys with Cu and Sn will be described 
also known. SbHg does not combine with under those metals. An alloy of iron is formed 
acids, but compounds of the type SbB^X where w'hen Sb^Sj is reduced with excess of Fe; a mii:- 
B = GnH 2 n 4 D X is a halogen or even OH, ture of 7 parts Sb and 3 parts Fe heated to white- 
have been prepared (v. Antimony, Compounds ness in a charcoal-lined crucible produces a very 
wzm ORGANIC radicles). For further discus- hard white alloy. Gold loses its malleability 
liQP of the chemical relations of Sb, v. Bismuth, by the presence of about of Sb. Lead 
0]#ifi0ALBELAii0NS0ri and Nitrooen GBODP or alloys with Sb in all proportions; the lead i* 
BX4MENT8. * hardened ; type metal is an alloy of about 





17-20 p 4 rts Sb with lead and Bometimes Bi or 
Sn (v. Lead, alloys or). With nickel two alloys 
are known; NiSb sublimes in prisms; Ni^Sb 
occurs as hreithauptite containing a little Fe 
and PbS. Two alloys with silver, Ag,Sb and 
Ag,Sb, occur native as antimonial silver. With 
Mine at least two crystalline alloys of definite 
composition are known, SbZn, and SbZn^ (Cooke, 
Am. 8. [2] 18, 229 ; 20, 222). 

Many of these alloys are used in manufac- 
tures. Antimony compounds are also used in 
medicine. 

Detection. — Most Sb compounds are insoluble 
in water and in excess of cone. HNOjAq, but 
many dissolve in HClAq, especially if tartaric 
acid is added; insoluble compounds may be 
dissolved by fusion with KNOj and K^CO, and 
treatment with HClAq; when Sb compounds 
are fused with NaNOj and Na^COa, NaSbO,, in- 
soluble in water, is formed. 

In dry way. Heated on charcoal with Na^COa 
andKCN,all Sb compoundsyield a brittle lustrous 
metallic bead. In the upper reduction-flame of 
the Bunsen lamp, Sb compounds give a green 
■colour to the flame; in the oxidation-flame, a 
white oxide film is obtained (on porcelain) which, 
moistened with neutral AgNOjAq and then blown 
on with ammoniacal air, gives a black sjiot 
<Ag,0). 

In wet way. I. Antimonious com- 
pounds. (i.) Sulphurettedhydrogenpp^.omoge- 
red SbjS, from acidulated solutions, soluble in 
KOHAq or NaOHAq, less soluble in NHaAq, 
insoluble in NH^HCOjAq, soluble in K^SAq and 
(NHJ.^SAq, insoluble in dilute acids, but dis- 
solved by boiling with cone. HClAq. Dilute tartar 
emetic solution is not ppd. by IL,S, the liquid turns 
red; cone, solutions are completely ppd. (Schulze, 
J. pr. [2J 27, 320). (ii.) Heated with gold chloride 
solution in presence of HClAq, Au is ppd. along 
with SbjOj. (iii.) Caustic and carboyuited alkalis 
pp. white Sb,Oa soluble in KOHAq and 
NaOHAq ; the ppn. is slow and incomplete in 
presence of tartaric acid, (iv.) Zinc pps. Sb as 
a black powder ; in presence of acids and Pt 
the Sb is deposited on the Pt, and a little SbH, 
is also formed ; the deposited Sb is insoluble in 
cold HClAq, but easily dissolves in HNOaAq. 
(v.) Zinc and iron powder, added to a solution of 
an antimonious compound in cone. NII.CIAq con- 
taining NHjAq, ppt. Sb on the Zn without pro- 
duction of any SbHj ; under similar conditions 
arsenious compounds yield AsIIg. fvi.) Zme and 
dilute H^Sb^Aq, in absence of HNOjAq, evolve 
H, mixed with Sbll,, which may be burnt in air 
with production of Sb^Og, or decomposed by heat 
into Sb and II, or led into AgNOjAq whereby 
silver antimonide is ppd. mixed with Ag, or 
passed over S in sunshine whereby orange SbjS, 
is formed (v. Jones, C. J. [2] 14, 049 ; this is a 
very delicate test ; v. Marsh’s test for arsenic, 
under AnsENic, Detection oy). (vii.) Dissolved in 
KOHAq, and treated with silver nitrate, a brown 
black pp. is obtained, from which NHjAq re- 
moves Ag,^0, leaving black Ag^O. 

II. Antimonic compounds. — (i.) Sul- 
phuretted hydrogen pps. orange-red Sh^S^ from 
acidulated solutions, soluble in KOHAq, in 
K^COaAq, in (NHJjSAq, and more slowly in 
NHjAq. (ii.) Heated with hydrochloric acid 
and potassium iodide, Sbl, and I are formed 


(Sb,0» + lOKUq - 2SbI,Aq + 6K,OAq + 41). Ai 
antimony trioxide has no action on KI, this re- 
action may be used to detect Sb-A in Sh^i* 
(iii.) Qold salts, chromates, and permanganates, 
are not reduced by antimonic compounds ; ncr 
is AgNOjAq acted on (compare tests (ii.) and (vii.) 
for antimonious compounds), (iv.) Towards 
eijic, or iro7i, and acids, antimonic compounds 
behave similarly to antimonious (v. Antimonoso- 
ANTIMONIC oxide). Antimony tetroxide 8^364 
gives the reactions both of Sb^Oj and Sb^Oj ; an 
alkaline solution reduces AgNOgAq and Au01,Aq 
slowly. 

(For details of procedure in cases of suspected 
poisoning by Sb compounds a manual of toxi- 
cology must be consulted, e.g. Taylor On Poisons, 
or Taylor’s Medical Jicrisprudence.) 

Antimony may be separated (qualitatively) 
from tin and arsenic by treating the sulphides 
with cone. (NHJHCOjAq, which dissolves only 
ASoSg, then di.ssolving the SnS (or SnS^) and 
Sb-^Sj in cone. HClAq, boiling off ILS, ppg. Sb in 
one portion by Zn, reducing SnCl^ to SnCl, in 
another portion by boiling with Cu turnings, and 
ppg. by HgCl.^Aq ; or the solution containing 
SbClg and SnCl< may bo diluted and boiled with 
a slight excess of iron wire whereby Sb is ppd. 
and SnCl^ is reduced to SnCl.^ (Classen, J.pr. 93, 
477). Sh.Sg is completely converted into SbCl, 
by dry HCl at ordinary temperatures, whereas 
SnS is unacted on (Tookey, /. pr. 88, 435). A 
little As in Sb compounds may be detected by 
fusing with 2 pts. Na^COg and 4 pts. NaNOg, and 
dissolving in w'ater, Na3As04 goes into solution 
and NaSbOg remains. 

Estimation. — I. Gravimetric methods. 
Antimonious compounds are ppd, by H.^S in 
presence of HClAq and tartaric acid, excess of 
H._;S is removed by CO2, the pp. of SbjjSg is col- 
lected (after boiling for 16-20 mins. ; Sharpies, 
Fr. 10, 343), on a weighed filter, dried at 100° 
and weighed ; a portion is then dried by heating 
in a stream of dry CO.^ and again weighed ; if a 
portion of the pp. dried at 100° yields S on 
treatment with hot cone. HClAq, the pp. con- 
tains Sh.Sj or free S ; in this case the other por- 
tion must be heated in dry COg until S is no 
longer volatilised ; the residue is now pure SbjS, 
(v. also Cooke, P. Am. A. 13, 1 ; 17, 13). Or the 
pp. of Sb.^Sg (perhaps mixed with Sb.Bj and S) 
may be converted into Sb304 by treatment with 
cohe. HNOjAq (for details v. Bunsen, ^4. 106, 3). 
Schneider (2M10, 634) decomposes the Sb^Sj by 
HClAq, leads the Il^b into an alkaline solution 
and determines it by volumetric methods (iodine 
method, or ppn. by excess of titrated AsAM 
and determination of excess of As^Og by iodine). 

II. Volumetric methods, (i.) Antinio- 
nious compounds are oxidised to antimonic by 
iodine in alkaline solutions (Sb^Oj -f 41 + 211^0 = 
SbA + 4Hl). NallCOgAq is the best alkaline 
solution; titrated I solution is run in until a 
blue colour is produced with starch, (ii.) Anti- 
monious compounds are oxidised to antimonic 
in presence of tartaric acid, by^Mn.A solution 
(attention must be paid to details, v. Guyard, Dl. 
6, 89). For other methods ol® estimating Sb, 
especially in presence of As, or of As and Sn v. 
Bunsen, A. 106, 3; 192, 317; Clarke, Am. S. [2] 
49, 48. 

Pe/evtnces.—ln addition to those in the text, 
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(he following older memoirs are important:— 
Bergmann, Opuse. 3, 164 ; Thtoard, A. Ch. 82, 
257; Proust, 0. A, 25, 186; Berzelius, 8. 6, 
144; 22, 69; 34, 68 ; P. 20, 365; 37, 163 ; Ber- 
Ihier, A. Ch. [2] 22, 239 ; 25, 379 ; H. Bose, P. 
3, 441; 42, 632; 24, 165 ; Vauquelin, 8. 21, 219. 

Antimony, acids of, and their salts (compare 
arts. Acids; Acids, basicity of; Hydroxides). 
The oxides Sb204 and Sb.Oj arc scarcely soluble in 
water, but each reddens moist blue litmus paper; 
the oxide Sb^Og is slightly soluble in water, but 
is without action on litmus. A few feebly marked 
salts arc known which may be regarded as de- 
rived from the hypothetical hydrate Sb^Og.HnO 
( = SbO.OH); two sodium salts, so-called ajiii- 
monites, arc obtained according to Terreil (A. Ch, 
[4J 7, 380) by dissolving Sb^O,, in boiling NaOHAq 
and allowing to cool {v. infra). Two hydrates 
of Sb^Og, viz. Sb40g.4II,0 and Sb^Og.OILO have 
been obtained (u. Antimonious oxide) ; but 
neither seems to possess acidic properties. The 
oxide Sb.Og reacts with NaXOg when the two 
are fused togotlier, but on adding water Sb,Og 
is ppd. and NaOH remains in solution. The 
acid-forming character of Sb^Og is therefore ex- 
tremely feeble (v. further Antimonious oxide). 

No hydrate of Sb^,04 is known; but by 
fusing this oxide with KOI! or KoCO;„ a com- 
pound, Sb.O4.Kp, insoluble in cold water, is 
produced; by dissolving this in hot water and 
adding various metallic compounds, several 
compounds of Sbp., with metallic oxides, e.g. 
fSbp^CaO and Sb.p^.CuO (which both occur 
native as rome'ite and ammiolite respectively 
[? merely mixtures]) are obtained. A solution 
of SbjO^ in KOflAq (obtained by fusion) is 
easily decomposed ; e.g. on boiling and then 
diluting, Sb.X);, is ppd. and is then 

thrown down on addition of acids; on standing 
in air, without boiling, KSbOg is produced. The 
oxide Sb.O^ cannot tljorofore bo regarded as a 
definite anhydride, nor can any acid, or well- 
marked series of salts, be said to exist corre- 
spending with this oxide (a. Antimony, oxides 
of). 

Three hydrates of antimonic oxide are known 
(v. infra): Sh.Opip ( = HSb03), Sb.A.2TT.,0 
( * H^SboO,), and Sbp,.3H,p ( - IlpbO’,). The 
first and third may be obtained from 
H4Sb«0,.2Hp wliicli is a product of the action 
of water on SbCIj ; dried over H.S04, H.,SbOj is 
obtained, and at higher temperatures HSbOa is 
produced {v. Antimonates). Several fairly 
maiked salts are known, antimonates, derived 
from HSbOj*, two series of metantimonalcs 
(M4Sbp. and M.HaSbpy) exist {v. infra) ; no 
salts of the hydrate Sb.Pa.SH.O ( = HaSbO,) have 
been obtained. Antimonates are usually obtained 
by fusion ; aqueous alkalis dissolve the hydrate 
SbaOyHjO without change; some motantimonates 
are produced from the hydrate Sb.P5.2H2O by 
the action of alkalis in the wet way. Antimonio 
oxido is evidently a feebly marked acid-forming 
oxide, The only definite compounds of Sb 
hitherto obtained which exhibit aoidic^Jharacters 
are then IlSbOj^and H4Sb.p,. 

The following thermal data are given by 
Thomsen [Sb'S 0*, bWO] = 167,420; 
[Sb, 0^ H, H*0] « 117,890 ; [SbS 0», 3H*0] =» 
228,780; [Sb, 0*. H, H»0]« 146,670; 
[Sb0«H>,0]- 30,680. 


vm. 

I. Antuionites.— T wo sodium salts are 
described by Terreil {A, Ch. [4] 7, 380):; 
NaSb02.3H.p, lustrous octahedral crystals,, 
obtained by dissolving SbPj in boiling NaOHAq 
and allowing to cool; NaSbO..Sbp,.Hp. 
largo crystals, insoluble in water, obtained from 
very concentrated alkaline solutions. 

II. Antimonoso-antimonates.— This name has 
been given to the compounds of Sbp4 with 
metallic oxides ; it implies that these bodies are 
compounds of antimonites with antimonates ; 
very little, however, is known of their properties. 
Two potassium salts Kp.Sb204 (?KSb03.KSb0,2), 
and K„0.2SbP4 are said to bo produced, the 
former by fusing Sb204 with KOTI or KpOg and 
washing with cold water, the latter by tlie action 
of a little HClAq on the former. An aqueous 
solution (the salt dissolves in liot w'ater) of 
Kp.Sb.P4 said to give ])ps. with various 
metallic salts. These salts might perhaps bo 
regarded as derivatives of the hypothetical 
hydrates SbP4.Hp (^ILSbp,) and2Sbp4.H.p 
( = II.Sb40y) ; but our knowledge of them is 
almost nil. 

III. Antimonates, and Antimonio acids. — ' 
Three hydrates of Sb,p5 are known. By ppg. 
KSbO;,Aq by HNOsAq, washing the pp. and 
leaving it for a whole summer, Gouther obtained 
the hydrate Sb205.3H20 (^H.,Sb(),) (/. pr. [2] 
4, 438) : at 175° this hydrate gives HSbO, 

( = Sb.P5.H.p). TJie hydrate SbP5.2Hp 
( = H.,SbpJ is obtained by adding hot water to 
SbClj, and drying the pp. of II,,Sbp,.2H20 at 
100° ; it is also produced by decomposing the 
salts M.,Sbp, by acids: this hydrate is easily 
decompo.sed to HSbO.,, even by standing in 
contact with water (Dubrawa, J. 180. 110; 
Conrad, C. N. 40, 197). HShO,, may also be 
obtained by decomposing MSbO., by aciils, or by 
oxidising Sb by HNO3. The hydrate HSbOj is 
slightly soluble in water, insoluble in NHjAq, 
ami easily soluble in KOIIAq ; Iipbp, is more 
solublo in water, and dissolves in both NH^Aq 
and KOlIAq: little is known of the hydrate 
SbPj.OUp. Tlie antimonates belong to the 
two types I\[»SbOs, and the former are 

usually called antimonates, the latter metanti- 
monates. 

Antimonates: investigated by Berzelius, 
then by Fremy (A. Ch. [3] 12, 499 ; 22, 404), 
and by IlelTter (P. 80, 418 ; 98, 293). These 
salts are obtained by fusing Sb or Sb.O, with 
nitrates, or HSbO, with carbonates, or by double 
decomposition from the K salts ; aqu'cous alkalis 
dissolve HSbOj without change. Some of the 
K and Nn4 salts are soluble in water, the others 
are slightly soluble or insoluble. The normal 
antimonates are converted into acid salts by the 
action of \veak acids {e.g. COaAq), they are 
decomposed by stronger acids with separation of 
HSbOj; tho antimonates are decomposed by 
fusion with NH^Cl, the whole of the Sb being 
volatilised as SbClj ; those which are soluble in 
water or acids are decomposed by (Nn4)2SAq. 
with production of thio-antimonates. 

Ammonium antiinonate NIl4Sb0^2Hj0 ; 
white crystalline powder, insoluble in water, 
easily decomposed with loss of NH,: obtained 
by dissolving HSbOj in warm NHjAq. 

Barium antimonaie Ba(SbO,) 2 ; obtained by 
adding BaCl^Aq to KSbO^Aq; pp. at first ii 





floocoleiii but becomes orystalliae. By adding j 
Ba04&(i to boiling NaSbO,Aq a flooonlent pp. 
of Ba(Sb 0 ,)a. 6 H 20 (air-dried) is obtained. 

Potassium antimmates, — The normal salt 
ESbO, is obtained by fusing 1 part Sb with 4 
arts KNOs, and washing with hot water ; it 
issolves after long boiling with water, and is 
obtained as a mass of white crystals when the 
solution is evaporated until a crust forms. 
Another form of this salt is described by Fremy 
as a gummy mass, obtained by evaporating the 
foregoing solution nearly to dryness, or more 
easily by long-continued fusion, either alone or 
with KOH or KXOj, of the product obtained by 
melting together 1 part Sb and 4 parts KNO3. 
The gum-like salt dried in vacuo is 2KSb03.6IL0, 
it is easily soluble in hot water; dried at 160° it 
leaves 2KSbO;,.3H.p which is changed to the 
gum-like salt by boiling with water; at a red 
heat all the water is removed, and the product is 
gradually changed to the gum-like salt by contact 
with hot w'atcr. When the normal salt is boiled 
with water, a residue of 2KSbO3.Sb2O.vl0ILO is 
obtained ; and a similar salt with GHjO is pro- 
'duced b) t!if? action of COj on the normal salt 
(Heirter, 1\ i:l6, 418; v. also v. Knorre a. 
Olschewsky, B. 18, 2353). 

Sodium antimonates. — The salt 
2Na8bO.,.7HoO is obtained similarly to the 
normal KSbO, ; also in oetahedra by the action 
of NaOll A.i on Sb.S.. NaSbOj-ilHaO is said to 
be formed by tlie action of NaOHAq on Sb.Sj, 
filtration, and addition of more NaOHAq (v. also 
V. Knorre a. Olschewsky, B, 18, 2353). 

Many other antimonates are described by 
Fremy and Hcffter; the chief are the salts 
Ca(Sb03).„ Co(Sb03)o, Cu(Sb0,).,.5n20, rb(Sb03)2, 
LiSbOs, Mg.2Sb03i2H..0, HgCSbO,).,* 
Sr(Sb03).,.6H20, Sn(Sb6,)...2H.,0 {v. also Schiff, 
A. 120, 47 ; Unger, Ar. 'Ph. [2] 147, 103). 

M e t an t im on a t e s. Those salts fall into two 
classes— normal salts M^Sb.U., and acid salts 
MoHaSbaO^ ; they are formed from the antimo- 
nates by addition of metallic oxide or water 
(2MSbO, + M^O - M^Sb-P, ; and 2M SbO, -1- H.,0 = 
MjHjjSb.U^) ; conversely the metantimonutes lose 
M^O (or H-P) and form MSbOj. The metanti- 
monates as a class are insoluble in water, the 
alkali salts are crystalline ; they are decomposed 
by acids ; they have been chiefly investigated by 
Fremy (A. 0//. [3] 12, 409). 

Amnumium metantiinonates. — HiSkO^ dis- 
solves slowly in cold NHgAq ; a cone, solution 
on addition of alcohol gives the acid salt 
(NHJ^H^SbaO^.SHaO ; this salt is easily decom- 
posed by heating, either in presence or absence 
of water, into (NH^)Sb03. The normal salt has 
not yet been isolated. 

Potassium ^netantimonates. — By fusing KSbO, j 
(best the gum-like salt) with about 3 parts KOH, 
mssolving in water, and crystallising, the salt 
KiSb.O; is obtained as deliquescent, easily solu- 
ble, crystals. The acid salt K^HaSb^Oj.OILO is 

S reduced by decomposing the normal salt by a 
ttlo water (KOHAq is also produced), or by 
dissolving SbClj in excess of KOHAq, oxidising 
by KjMn/l^Aq, and crystallising (Reynoso, A. 
Ch. [3] 23, 325) ; at 200° the dehydrated salt 
KjH^SbjOT is obtained, and at 300° KSbO, is 
formed. The acid salt is slightly soluble in 
Bold water, more easily in water at 40°-60°, with 


gradual productioh of the gum-Hl:e ESbO,; an 
aqueous solution of this salt precipitates sodiuin 
salts. Other metantimonates are described b) 
Fremy (Z.c.). 

Seleno-antimonatea.—k few salts are 
known, derived from the hypothetical seleno- 
antiraonic acid H,SbSe^. NasSbSe^.GHaO forms 
orange-red tetrahedral crystals, and is obtained 
by fusing NaUGg, SboSoa, Se, and 0 ; the salt 
NasSbSgSe.OHjO is obtained as yellow tetrahe- 
dral crystals by boiling NajSbS^Aq with So 
(Hofacker, A. 107, 6). 

Antimony, alloys of, v. Antimony, Combina^ 
Umis, No. 10. 

Antimony, arsenide of, v. Antimony, CombU 
nations. No. 9. 

Antimony, bromide of. SbBr,. No other 
bromide is known. Mol. w. 359-28; [90°-94°] 
(Serullus, P. 14, 112). (275°-280°) (Kopp, A. 
94, 257 ; Cooke, P. Am. A. [2] 5, 72). V.D. 180 
(Worcester, P. Am. A. [2] 10, 61). S.G-. 

4-148 (Cooke, l.c.) ; fused §°° 3-641 (Kopp, l.c.). 
If the vol. of fused SbBrj = 1 for d° = 0°, then 
I the vol. at f° = 1 + •000576tf + -OOOOOLSlGSd*, 
where d = t°-d0° (Kopp, l.c.). H.F. solid Sb, 
gaseous Br,[Sb,Br»j = 76,900 (Guntz, C. B. 101, 
161). 

Formation. — 1. By shaking powdered Sb 
into a retort containing Br and connected with 
a condenser.— 2. By distilling a mixture of Sb 
sulphate and KBr (Macivor, C. N. 29, 179). 

Preparation. — 1. By adding powdered Sb to 
a solution of Br in dry CS.^ at 0°, distilling off 
eSj, adding powdered Sb, distilling off the SbBr, 
and recrystallising it from CS.. (Cooke, P. A/w. A. 
[2j 5, 72 ; Nickltis, C. li. 48, 837). 

Properties and Eeactioyis. — Deliquescent tri- 
metric crystals; u:b:c^],'224;l:l-0G4 (Cooke, 
l.c.) ; sublimes when heated. Decomposed by 
water ; cold water produces Sb^OsBi^, hot water 
10Sb,O3Br.,.SbBr3 (Macivor, C. N. 29, 179). The 
compound Sb^O,.,Bri, is also produced by lieating 
SbBrg with alcohol to 160° (Macivor, Z.c.). The 
action of air and sunlight on SbBr, in CSj pro- 
duces an oxybromide, probably SbOBr (Cooke, P. 
Am. A. [2] 5, 72). Combines with KCl to form 
SbBra.SKCl, which according to Atkinson is identi- 
cal with SbCl3.3KBr obtained by action of SbCl, 
on KBr in presence of a little water {C. J. 43, 290), 

Antimony, chlorides of. Sb and Cl combine 
directly to form t\vo compounds SbCl, and 
SbCl^ ; the former may be gasified, the latter i« 
I decomposed by heat at ordinary pressures into 
I SbClj + CI3 [v. infra). 

I. Antimonious ohlobidb. SbCIj. Mol. w. 
226-11. [73°-2J (Thorpe, C.J‘.37, 387). (223*5°) 
(216°, Cooke, P. Am. A. [2J 5, 72). S.G. 
2-6753 (Thorpe, Z.c.). S.G. 3-064 (Cooke, P. 
Am.A.[^]b,n). V.D. 115*6. V- 
l^-•0008054d-^-•00001032d^ where degrees 
above M.P. (73*2°) (Thorpe, l.c). [Sb,01*]* 
91,390 (Thomsen). 

Formation.— 1. By dissolving Sb,Sb20„ of 
SbgSj, in HClAq with a little HNOgAg, evapo- 
rating, an^ then distilling.— 2. By the action of 
Cl on SbjS,.— 3. By distilling together 1 part 
powdered Sb with 2 parts HgOlj ; or 3 parti 
SboSj with 7 parts HgClj ; or 1 part Sb2(S04), 
with 2 parts dry NaCl.— 4. By distilling 2 paztl 
SbjO, (impure), with 6 parts dry NaCl, 4 parti 
H2SO4, and 2 parts HjO and changing tha 





r^iW ^8 soon u the distillate begins to solidify 
on booling. 

Preparation*--!. By passing dry 01 into a 
retort containing powdered Sb, until most of 
the Sb is transformed into SbCl, ; a little more 
Sb is then added, the stream of Cl is stopped, 
and the SbClj is distilled off into a dry receiver. 
Cooke (P. Am. A. [ 2 ] 5, 72) saturates warm CS.^ 
with SbCla and cools by freezing mixture. A 
solution of SbCl, in cone. IIClAq (generally pre- 
pared by the action of the acid on is used 
m pharmacy. 

Properties. — A colourless, translucent, crys- 
talline, mass. Melted and allowed partially to 
solidify, or dissolved in hot CSj and cooled, 
trimetric crystals are obtained, a:b:c = 
1‘26B:1:1‘09 (Cooke, P. Am. A. [ 2 ] 5, 72). Very 
caustic. Soluble in alcohol without change; 
on healing this solution oxychlorides of Sb 
(q.v.), HCl, and CjHjCl, are formed. It absorbs 
moisture from the air and forms a clear liquid, 
from which crystals of SbCl, are obtained by 
standing over H 2 SO 4 . 

Reactions. — 1 . With water various oxychlo- 
rides are produced (SbCl, dissolves unchanged 
in a very little water at ordinary temperatures) ; 
if a little cold water is added (about 2 parts to 
1 part SbCls), and the pp. is washed with ether, 
SbOCl {(pv.) is obtained (Peligot, A. C4, 280; 
Sabanajew, Bl. [2] 16, 79). Wlien from 5 to 50 
parts H._jO are added to 1 part SbClg, the com- 
pound Sb^OjClo (q. u.) is obtained (Sabanajew, 
I.C.). Other observations point to a varying 
composition for the product of the mutual action ■ 
of SbClj and H.p ; by continued washing the 
whole of the Cl may bo removed {v. Duflos, S. 
67, 268 ; Johnston, J.pr. 6 , 55 ; Malaguti, J.pr. 
6 , 253 ; Peligot, A. 64, 280 ; Schneider, P, 108, 
407; Schaffer, A. 1'52,314). Thomsen {Th. 2, 
240) gives these data: [SbCP,Aq] = 8,910 
when Sb^OjClj is formed, and = 7,730 when 
SbjOjAq and HClAq are formed. According to 
Williams [C. N. 24, 225) boiling water produces 
lOSb^CLOySbCla. Formation of oxychlorides is 
prevented by tartaric acid. — 2. Anlimmioiis 
oxide dissolves in boiling SbCl, to form oxychlo- 
rides; SbOC 1 . 7 SbCl 3 is described by Schneider 
(P. 108, 407). — 3. Alcohol heated with SbCl, in 
proportion C 2 H„ 0 ;SbCl 5 in a closed tube to 100 ° 
forms SbOCl ; heated to 140° in the proportion 
SOaHtjOiSbClj, Sb^OjClj is fonned (Schaffer, A. 
162, 314). — 4. Aqueous solution of sodium thio- 
sulphate reacts on solution of SbCl, to form a 
double compound of SbvOg and Sb.jSg, probably 
Sb^Os.Sb.S;, [v. Antimony, oxYSULriiinES of).— 5. 
Boiling SbClj dissolves powdered antimony tri- 
sulphide, on cooling a crystalline mass of sulpho- 
ohloride, SbSC1.7SbCl„ is obtained ; on washing 
with alcohol 2SbSC1.3SbjSj remains (Schneider, 
P. 108, 407). 

Combinations. — 1. With chlcninei SbClj is 
formed.— 2 . Ammmiia forms SbOlg.NHa which 
on warming gives off all its NH3.— 3. By 
mixing cone, solutions of SbClg and alkaline 
chlorides and evaporating, double salts are 
formed, c.q. 2 NH 4 Cl.SbCl 3 ; 2 (BaCl 2 .Sbt}l 3 ). 3 H 20 ; 
SKCLSbClg; BNhCl.SbClg. With KBr the salt 
SbCla.SKBr is formed identical with SbBrs.SKCl 
obtained by the action of KClAq on SbBr, (Atkin- 
son, C.J.43, 290). 

Hi Amtuionio CHioBiDE SbClg. Mq|i. w. on- 


knows ; vapour obtained by heating consists of 
Sb01,+01j. [-6^] (Kammerer, B. 8, 607). S.O. 

2-346 (Haagen, P. 181, 117). (79° at 22 mm.; 
68 ° at 14 mm.) (Anschtitz a. Evans, C. J. 49, 
708). 

Preporafiow.— Powdered Sb is heated in a 
retort in a rapid stream of dry Cl ; SbCl, 
(and Cl) distils over, and SbCl., remains. Or 
melted SbClj is saturated with Cl, and distilled 
in a stream of Cl (or under greatly diminished 
pressure, Anschiitz a. Evans, C. J. 49, 708). 

Properties. — Colourless, or slightly yellow, 
liquid, with an offensive smell, fuming in moist 
air ; solidifies at a low temperature ( < — 6 °) ; 
absorbs moisture from air and changes to a 
crystalline mass. According to Anschutz a. 
Evans (C. J. 49, 708) SbClj may be distilled un- 
changed at low pressures. 

Reactiom.—l. Dissolves in a very little 
water ; solution over HoSO, deposits crystals of 
SbClj. 4 H 20 . Kept cold by ice, and water added 
drop by drop in proportion SbCl.,:H.,0, SbOCl, 
[q.v.) is formed (Dubrawa, A. 184, il 8 ). Addition 
of more water produces SbO^Cl, which is de- 
composed by hot water, giving H,Sb 20 ,. 2 H 20 , 
soluble in HClAq. Decomposition by H.p hin- 
dered by tartaric acid. Thomsen {Th. 2, 242) gives 
the number [SbCP, Aq] = 35,200, when Sb.,0.,Aq 
and HClAq are formed.— 2, Dry stilphuretied hy- 
drogen produces white crystals of SbSOlj, which 
are decomposed by heat into SbtJlg and SgOL 
(Cloez, J. pr. 51, 459). — 3. Heated in closed 
tube to 140° with antimonic oxide, in proportion 
aSbClgtSkO,, SbgOCl,, and Sb 304 Cl, (q. v.) are 
produced (Williams, C. J. [ 2 J 10, 122 ).— 4. With 
phosphorus trichloride (in CHCI 3 ) reacts to form 
PClg.SbClj, and BbClj {v.Comhinaiions).—B, Chlo- 
rinates many carbon com2)ou7ids, e.g. CHCl, to 
CCl 4 ,C 2 H 4 to CgHiCl ,, drc. (w. Chloro-compounds). 
6 . With nitrogen ietroxide forms SbClyNOCl 
(Weber, P. 123, 347). 

Combinations. — 1. With ammonia forms 
brown SbClj.CNHa which may bo sublimed un- 
changed.— 2 . With hydrocyanic acid forms white 
crystals of SbClg.BHCN, which volatilise with 
partial decomposition under 100 °, and are de- 
composed by ILO (Klein, A. 74, 85).— 3. With 
gaseous cya^wgen chloride forms SbCli.CNCl 
(Klein, l.c,).- 4. Combines with some non-metallic 
j chlorides to form double compounds which 
I usually deliquesce in air and are decomposed by 
j heat ; the more important are ShClg.PCl^ (Webor^ 
IP. 125, 78; Kohler, B. 13, 875); SbClg.POCl,. 
SbCl,.SeCl 4 and SbCl 5 .SCl 4 (Wobei, l.c.) ; and 
SbClg.SeOCl, (Weber, P. 125, 325).— 5. Also 
combines with C,iH:iPCl 4 to form SbClyCsHgPCl, 
(Kohler, B. 13, 1026).— 6. Combines with various 
alcoholSf and with Uher (Williams, C. J, [2] 
15, 463). 

Antimony, fluorides of. Sb^O, dissolves in 
HFAq to form SbFj; SbgOg.ajH^O dissolves in 
HFAq to form SbFg. Neitlier has been gasified, 
so that mol. ws. are unknown. 

I. Antimonious fluokidb SbFg [abt. 292®] 
(Carnelley, C. dT. 33, 275). 

Preparation. — (Berzelius, P. 1, 34; Dumjlw 
A. Ch. [2] 31, 435 ; Fliickiger, A. 84, 2iS)M 
1. By dissolving Sb^Og in HFAq, evaporating at 
70°-90° and crystallising.— 2. By distilling Sb 
with IlgF.,. 

Propertiss.—Waitet trimetrio, octahedral 



AjjTmoin". 
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deliqueBoent, soluble in H^O Mcithout decompo- 
sition. 

•Reoctions.'-l. Solution in water on evapo- 
ration yields an oxyfluoride (composition un- 
known). — 2. Deliquesced SbFg pressed between 
paper gives 2SbFj.Sb,jOs ( = 3SbOF.SbFs), which 
18 decomposed by heating into SbF, and Sb^Oj. 

Comhinations. — With alkali fluorides to 
lorm double compounds, SbF., combining with 
MF, 2MF, or 3MF, wliere M = K, Na, &c. These 
compounds are best obtained by dissolving Sb.Oj 
and MjCOj in the proper proportions in HFAq, 
and evaporating. The principal compounds are 
BbF3.2NH,F; SbF3.2KF, SbFs-KP; SbF3.2LiF; 
and SbF3.2NaF (n. Fluckiger, A. 84, 248). 

II. Antimonic FLuoiiiDE, SbFj. Obtained by 
Berzelius, investigated more fully by Marignac 
(A. 145, 23U). 

Preparation. — By dissolving hydrated Sb^O^ 
in HFAq, and evaporating. 

Properties. —K gum-liko amorphous mass, 
decomposed by heat; very slowly decomposed, in 
solution , by IPS. 

Gombimitions.~\\[W\ the alkali fluorides, to 
fonn double compounds, which aro easily solu- 
ble in w'ater, crystallise badly, and yield oxy- 
fluorides when evaporated in aqueous solutions, 
e.g. SbOFa.NaF from SbFi.2NaF (Marignac, A. 
145, 239). These solutions are very slowly do- , 
composed by ILS, KOIIAq, and KoC03.\q. The I 
more important compounds are SbF..NH,F, 
2(SbF3.2NH,F).H30; SbF^.KF, SbF3.2KF.2H..O; 
SbF^.NaF. 

Antimony, haloid compounds of. SbF.„ SbF,; 
SbCl,, SbCl, ; SbBr, ; Sbl,, (? Sbl,). Only SbClj 
has been gasiJied and V.D. determined; SbCl, 
is decomposed by heat. Tlie formulte of the 
trihaloid salts arc probably molecular, v. Anti- 

IIONY, riiUOUlDES OF, CITLOUIDKS OF, imOMIDES OF, 

iodides of ; i\ also art. IlAiiOin C(»mpo(u:i)s. 

Antimony, hydride of {v. also art. IlYi>aiDEs). 
SbHj. [Anluunniurettcd hydrogen', Slibbu,). 
Only one hydride of Sb, SbFI.,, is certainly known ; 
and this has not been obtainedexcept mixed with 
much H. Marchand {J.pr. 3t, 3Sl) described a 
black powder obtained by electrolysing cone. 
NH^ClAq with a rod of Sb as neg. and a thick 
Pt wire as pos. eb-etrode. When a powerful 
battery was used, gas came off which burnt in 
the air; the powder was supposed to be a solid 
hydride of Sb, and the gas a sj)ontaneousIy in- 
flammable hydride {v. also Kuliland, S. 15, 418). 
But Marchand’s results wore not confirmed by 
Bdttger {J*. pr. 08, 372), who obtained only tlie 
ordinary products of the electrolysis of NH^ClAq, 
viz. H, Nil,, and N chloride. Wiederhold [G. G. 
1804. 995) described a graphite-like powder ob- 
tained by the action of dilute HClAq on an alloy 
of 1 part Sb with 5 parts Zn; after drying at 100'^ 
this powder gave off '001 p.c. II at 200"" (Sb.H re- 
quires -004). The gaseous hydride is almost cer- 
tainly SbH, {v. especially Jones, G. J. [2] 14, 647), 
but it has not yet been obtained free from H. 

Preparatioii.—Hy irenting an alloy of 2 parts 
Zn and 1 part Sb (Capitaine, B. J. 20, 89), or 3 Zn 
and 2 Sb (Lassaigne, B. J. 22, 104), with dilute 
EjSOfAq. Schiel {A. 104, 223) decomposes an 
alloy of Sb with K with dilute HClAq. Hum- 
pert (C. G. 1866. 8G3) treats cone. SbClsAq with 
Na amalgam. Jones obtained a gas containing 
about 4 p.o. SbH, by dropping cone, solution 


of SbCl, in oono. HClAq on to granulated Zn ; 
the gas was partially decomposed as it was 
formed (C. J. [2J 14, 641). 

Prqperfics.— -A colourless gas, with nauseating 
smell and intensely disagreeable taste, slightly 
soluble in H^O but decomposed by long contact 
into Sb and H; easily decomposed by heat; 
burns in air to Sb^Og and H^O, or in limited 
supply of air to Sb, Sb,Og, and H^O; de- 
composed by electric sparks into Sb and H. 
The gas obtained by reacting on an alloy of 
2 parts Sb with 3 parts Zn with dilute H.SO^Aq, 
and collecting the first portions only, solidified 
at —91*5°, and decomposed, with separation of 
Sb, between -65° and -56° (Olszewski, M. 7, 
371). 

Reactions. — 1. With oxygen and heat, explo- 
sion occurs and formation of Sb^Og and H^O; 
the same products are obtained by burning in 
air. — 2. Decomposed by chlorine, bromine, or 
iodine, with formation of SbClg, ShBr,, or 
Sblj; passed through a hot tube containing a 
little I, an orange-yellow or brown ring of Sbl, 
is formed (Husson, J. pr. 106, 314). — 3. Passed 
over sulphur in sunshine, or at temperatures 
over 100°, orango-colourcd Sb.Sgis formed ; very 
minute quantities of the gas may bo thus de- 
tected (2Sba3 + 6S = Sb,S3 + 3H2S) (Jones, G. J. 
[2J 14, 619). — 4. DccomposQssuiphureftcd hydro- 
{/ea in sunshine forming Sb.^S., (2SbHj-*-3lLs=* 
SboSj + GTIJ (Jones, l.c.}. — 5. With autbuonious 
chloride, Sb and HCl are formed. — 6. Fasily oxi- 
dised hy nitric acid. — 7. Decomposed by aqueous 
potash or soda Avith separation of a black powder 
(? SbOHj or ? Sb.D, v. Jones, l.c. ; also Dragen- 
dorff, Pr. 5, 200) wliich is at once dissolved on 
' shaking in air. — 8. With aqueous silcer nitrate 
the whole of the Sbis ppd. (as Ag,Slj mixed with 
! Ag, Dassaigne, B. J. 22, 104 ; v. also Jones, l.c.). 

References. • - Thompson, li. J. 18, 135 ; 
Pfalf, P. 40, 339 ; Siinon, l\ 42, 309 ; Vogel, 
J. pr. 13, 57 ; Meissner a. llankel, J. pr. 25, 243. 

Antimony, hydroxides of. Several compounds 
of Sb, II, and 0 are known ; some of them aro 
probably best regarded as Jiydraled oxides ; 
others react as acids, especially nSb03 
Il^Sb.p,; V. AsimosY, Acids of (v. also arts. 
Acids and Hydroxides). 

Antimony, iodide of. Sbig. Only ono iodide 
of Sb is known with certainty; van der Espt 
(Ar. Ph. [2J 117, 115) asserts that Sbl, is pro- 
duced by heating 1 part Sb with 6 parts I, or 
by leading SbHg into I in alcohol; but as Sbl, 
is known to be produced by such processes the 
existence of the pentiodido is extremely doubtful 
(comp. Pendleton, G. P 48, 97). Mol. w. 499'62. 
[167°J (Cooke, P. Am. A. [2] 5, 72). (401° at 
760 mm.) (Cooko, P. Am. A. [2] 7, 251). V.D. 
252 (Worcester, P. Am. A. [2J 10, 61). S.G. 
hexagonal *1° 4-818, monoclinic “’“° 4*768 (Cooke, 
I.C.). HtF. solid Sb, gaseous I, [Sb, I®] « 46,400 
(Guntz, C. R. 101, 161). 

Formation. — 1. By the action of powdered Sb 
on I in 083.-2. By the action of SbH, on I.— 
3. By subliming togother Sb.^S, with 31 in a 
globe (Sdhncidcr, P. 109, 609). 

Preparation. — Powdered Sfi is added little 
by little to I, with gentle heating, until no farther 
action occurs; the Sbl, is then separated by 
sublimation in H or CO,. 

Profyerties. crystals, which melt on 





beating and volatilise in red vai^oort ; eolable in 
boiling CSp and boiling benzenei bat separates 
out on cooling; almost insolublo in CHCl,; 
soluble in HIAq. Exists in three forms : 
(a) hexagonal ruby-red crystals, by crystallisation 
.from C8,, M.P. = 167°, o;c = 1:1-37 ; (b) trimetrio 
greenish-yellow crystals, by subliming the hexa- 
gonal form at temperatures not above 114° ; at 114° 
the change is sudden, the external form of the 
hexagonal crystals is preserved but each crystal 
is found to consist of a mass of trimetrio crystals ; 
heated above 114° the hexagonal form is re- 
produced ; (c) monoclinic crystals (a:b:c = 
1-6408:1: -0682) obtained by exposing a solution 
of Sbl, in CS^ to direct sunlight ; at 125° they 
are changed into the hexagonal form (Cooke, 
P. Am. A. [‘2J 5, 72). 

Reactions. — 1. Water decomposes Sbl, with 
production of ITIAq, which dissolves part of the 
Sbl.„ and oxyiodido of Sb (^. v.}. — 2. Aqmoua 
alkalis and alkali carbonates produce SbaO, and 
alkali iodide (Sevullas, J. Ph. 14, 19).— 3. Cone. 
sulphuric acid or nitric acid separates I. — 
4. Alcohol or ether partly dissolves Sbl^ and 
partly changes it to yellow oxyiodide (Macivor, 
G. J. [2] 14, 328). -5. Chlorine forms SbClj and 
ICl (Macivor, l.o.). — 6. Antimony tristilphide 
reacts with molten Sblj to form SbSI; this 
Bulplioiodide is obtained as a lustrous brown-red 
powder by treating the fused mass with dilute 
HClAq ; it is decomposed by H.^0 and KOHAq ; 
boiled with II.O and ZnO the oxysulphido 
Sb,OS, is formed (Schneider, P. 110, 147). 

ConMuatious. — Dissolves in aqueous solu- 
tions of the iodides of the alkali metals, on 
evaporation double compounds are obtained. 
Tliese compounds are soluble in HClAq, 
ILC.HaO^Aq, and nj-C^HiO^Aq ; they are de- 
composed by H./), yiehhng Sb oxyiodide; CS.^dis- 
solves out Sbl-a- The following salts are described 
by Schaeffer (P. 109, 611) : •2SbI,.3Kr.3H,.0 ; 

2SbI,.3Nar.l2n..O ; 4Sbr3.3NH,I.9lLO ; * 
SbI,.BaIa.9H,0, Nickl^s (C. R. 61, 1097) de- 
scribes two series of compounds MLSbl 3 . 2 II., 0 , 
and MI.SbI,,.H,0 whore M K, Na, or Nfl„ 
obtained usually by the action of I on Sb in 
presence of saturated MIAq; these salts are 
isomorplious with corresponding double salts 
of Bi. 

Antimony, livers of. This name is applied 
to the impure double sulphides obtained by 
heating Slr.Sa with various metallic sulphides,, 
more especially with the alkali and alkaline 
earth sulphides. These bodies are obtained 
either by fusing Sb.^S, with KoS, &c., with 
KjSOj (ftc. and C, or by dissolving ISb^S., in 
K^SAq, &o. The behaviour of aqueous solutions 
varies according to the relative quantities of 
SbijSa and alkali sulphide employed ; if not more 
than 2 parts Sb^Sj are used to 1 part alkali 
sulphide, the product is wholly soluble in water; 
if more Sb^S., is used the product is partly, or 
wholly, insoluble (because of production of anti- 
monate aTid Sb,0„ v. Antiuonious sulpiituk, 
Reactions, No. 16). Solutions of these bodies 
(dissolve Sb^S^ on boiling ; the Sb.^S., ppl. again 
on cooling; they#readily absorb 6 from the 
air, fora ling antimonate and thioantimonate 
(v. AnTiMONioas SULPHIDE, Rcoctions, No. 16). 
Addition of alkali bicarbonates pps. thio- 
antiinoQite. 

Vox* L 


An^oayiOii^ of. Threaoxides are known: 
Sb^O^, Sb^O^, and Db,0|; only the first of these 
has been gasified ; the molecular weights of the 
others are not known. The pentoxido acts as 
an anhydride; the two others are feebly salt- 
forming whether they react with strong acids or 
strong alkalis {v. Antimony, acids of). Marchand 
(/. jpr. 34, 381) described an oxide, SbjOj, said 
to be obtained by the electrolysis of a solution 
of cream of tartar ; but Tottger (J. pr. 68 , 372) 
failed to obtain anything except antimonic acid 
by repeating the experiments. 

I. Antimonious oxide Sb^Og {AniimemiotLS 
acid). Mol. w. 576-76. S.G. trimetrio 6 6 to 6 * 6 , 
regular octahedra .5*1 to 6-2 (Terreil, O'. JB. 68 , 
1209). V.D. 286-5 (at abt. 1660° ; Meyer, B. 12, 
1284). S.H. -0927 (18° to 100°; Neumann, P. 
126, 123). C.E. (40° cub., Senarmontite) 
•00005889 (Fizeau, A. Ch. [4] 8 , 336). 

Occurrence.- Native ; as Antimony bloom in 
trimetrio prisms, as Senarmontite in octahedra. 

Formation.— 1. By heating Sb in a loosely 
covered crucible, and then raising the tempera- 
ture, when Sb^Og mixed with a little Sb.D^ sub- 
limes on to the crucible cover. - 2 . By treating 
Sb with dilute IINO^Aq and wasliing thoroughly 
with water and then with very dilute Na.COsAq 
(Rose, l\ 53, 161). -3. By fusing Sb with KNOj 
and KHSO^ and boiling fused mass in water 
(Preuss, A. 31, 197).- 4. By washing the white 
pp. obtained by adding 11,0 to SbClj with dilute 
KOIIA(i and then with II. 3 O.- 6 . By adding 
excess of NHjAq to hot RMb.C^H^O^Aq, heating 
pp. for a short time in contact with the liquid, 
collecting, and washing. 

Preparation. — 1 . 3 parts finely powdered Sb 
are he.ated with 7 parts cone. HoSO^ ; the crude- 
Sb sulphate is treated repeatedly with hot water,, 
and then with very dilute Na, 3 CO,,Aq, and the 
oxide is collected and dried.— 2 . 1 part powdered 
Sb is heated, so long as an action occurs, with 
4 parts HNO;,Aq, S.G, 1-2, and 8 parts II. 3 O ; the 
nitrate of Sb is treated as the sulphate in 1. 

Properties. — A wliite, more or less crystalline, 
powder (regular octahedra) ; very slightly soluble 
in water, fairly soluble in glycerine (Kohler, 
D. P. J. 258, 520) ; becomes yellow when heated,, 
but wliite again on cooling; melts at a dark 
red lieat, and crystallises on cooling. Volatilises^ 
rapidly about 1650° (Meyer, B. 12, 1281). In- 
soluble in UNO^Aq and if.^SO^Aq ; dissolves 
ca.si]y in HClAq and H..C jl,0^;Aq ; also in 
KOflAq and NaOHAq, from these solutions Sb^Og 
is ppd. on cooling (Mitscherlich, A. C'l. [2J 33, 
394), but according to Terreil the pp. is an 
antimonite [A. Ch. [4] 7, 380). Sb,0„ is formed 
in trimetrio prisms {a:h:c * -394:1:1*414) by burn- 
ing Sb or SboS;, in aii, by heating oxychlorido 
(obtained by adding H.,0 to SbCIJ with R^O to 
160° (Debray, C. R. 58, 1209), or by rapidly sub- 
liming the octahedral crystals (Terreil, C. R. 62, 
302) ; Sb,0„ is formed in regular octahedra by 
subliming at a dark red heat. Both forms are 
obtained by saturating hot NaXO^Aq with Sb.^Oa 
or SbCl, and allowing to cool (Mit.sclierlich, 
P. 15, 453) ; or by passing a slow stream of dry 
air through a porcelain tube containing Sb, the 
tube being heated at first only where the Sb 
is, but after a few hours also at the point where 
the prisms might condense, after about 12 houra 
prismatic crystals are found near the Sb, prisma 
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mixed with ootahedra further on, and ootahedra 
only near the end of the tube"(Terreil, l.c.). 
ia isodimorphous with Aa.Oa [q. v.). According , 
to Guntz (C. B. 98, 303) the change of prismatic j 
8b40a to octahedral is attended with production j 
of 1200 gram units of heat per 676 grms, Sb408 
changed. 

licactions,—\. Heated in air or oxygen, Sh.O^ j 
as formed. —2. Cone, hot nitric acid oxidises to j 
8h,0,and Sb.Oj; it dissolves in coZd fuming IINO^ 
and forms SI)40a.No05 (Pcligot, G. it. 23, 700). — 
3. Treated with fuming sulphuric acid, small 
lustrous crystals are obtained, which, after dry- 
ing for six months in contact with burnt clay 
have the composition Sb40„.2S0.,; by treating 
these crystals with H.^0 the salt Sb.O^.SO;, is 
obtained (Peligot, l.c.). Schultz-Sellac (/>. 4, 
13) describes the salt Sb_..3SO, ( = Sb,0,;.GSO;,) as 
long lustrous needles obtained by evaporating 
eolutions of Sb^O^ in fairly cone. ll.^SO^Aq ; this 
salt is michanged in dry air, but gives off SO., on 
heating, and is decomimsed by water. Sb.(SO,)3 
is also formed by dissolving Hh.Sg in hot cone. 
H^SO^Aq (Ilensgen, it. T. C. 4, 401) {v. Sim- 
PHATFs). — 4. 8b, 0,, dissolves in solution of 
poUissiwn-hydrogoi tartrate, forming the salt 
C,H,K8bO„ which ia probably the K salt of the j 
acid Sb-CJl^O.-OH (r. Clarke and Stallo,i^. 13, | 
1787).- 6. 8b,0,, acts as a reducing agent towards J 
salts of silver, gold, Ac. {v. Antimony, i>ftko- ; 
TioNor, A ntimon ions compounds).— ij. Sb^O,. ; 
does not directly combine with icatcr, but two | 
hydrates have been prepared :—(<z) 8b._.0;,.2TIX), | 
by adding CuSO,Aq to Sb^S, dissolved in KOH Aq 
until the filtered liquid gives a white pp. 
(Sb.0a.2H.,0) on addition of an acid (rresenius ; 
V. also Schaffiier, A. 61, 182) ; (6) Sb,(X,.3H.,0, a 
white powder which begins to lose water above 
ISO'’, obtained by the spontaneous decomposition 
of an aqueous solution of the acid n.C,II,SbO, 
obtained by decomposing (C,If4SbO,).4>a by the 
proper quantity of H.SO^Aq (Clarke a. htallo, 
li. 13, 1793). — 7. Dissolves in boiling a)U uionioiis 
chloride to form oxyclilorides ; Si)OCl.7SbCl3 is 


I III. AJirntONOSO-lNTIMONIO OXIDE Sb.P| 
{Antimony tetroxide). Mol. w. unknown. S.G. 
i 4-074 (Playfair a. Joule, C. S, Menu 3, 83) ; 6-5 
(Boullay, A. Oh. [2] 43, 260). S.H. (23°-99°) 
•09636 (llegnault, A. Ch, [3] 1, 129). 

Occurrence. — Native, as Antimony -ochre. 

Preparation. — 1. 13y licating Sb,0„ in air.~ 
2. By oxidising Sb, Sb^O,., or SboSj, by cone. 
HNOjAq, evaporating to dryness, and strongly 
heating. 

Properfi^s.— White powder, becoming yellow 
on heating ; has not been melted or volatilised ; 
insoluble in water, but reddens moist blue litmus 
paper; very slightly acted on by acids. 

Reactions. — 1. Heated with solution of cream 
of ^a/ far,Sb._,0.,a;H.D remains and solution contains 
C,H,KHbO;. — 2. Solution in IIClAq diopped into 
water, is decomposed into SbiO^ and xSb^O,,. — 3. 
Heated with antimony Sb,Og is formed. — 4. 
With molten potash forms K.O.Sb.^jO^ (v. 
Antimony, acids of; Antimoxoso-an'limonates) ; 
j solution of this in water slowly reduces AgNOgAq 
I and AiiCl^Aq. Sb.D, reacts as a compound of 
; Sb.jO^ and Sb.^0, ( = Sb,Os) ; it is sometimes re- 
garded as aiitiinoiiyl antimonate (8bO)SbOj, 
derived from H8bOa. 

Antimony, oxybromidos of. Two oxybromides 
aro obtained by the action of 11,0 on (SbBrj, viz. 
Sb.Q.Br., and 108b,(),Bi,,.SbJ3r;, 8b()Br is pio- 
bably formed by the action of sunlight on SbBrj 
in CS.^ (/.'. Antimony, bkomidk of). 

Antimony, oxychlorides of. At least si-x 
compounds aro known ; 8bOCl, SbOC1.78bCl3, 
Sb,0,Ci.„ and 10Sb,O Cl.,.8bCl.„ olitained from 
8bCl, ; 8bO.,Cl, and 8bOC\, from SbCl^. 

Wlien 8bCl;, is added to a little water, SbOCl 
is obtained (sometimes mixed witli 8bCl.,). This 
oxychloride seems to exist either as a white 
amorjdious powder, or hs monoelinio crystals 
isoiiiorphous with SbOI (Cooke, P. Am. A, [2] 5, 
72); the crystals aro best obtained by using 10 
pts. 8bCl., and 17 pts. H.O, allowing to stand 
[ for a day or two, jjressing, and washing with 
I ether (Sa'hanajew, lil. [2] 16,79); the amorphous 


described by Schneider (P. 108, 407). 

II. Antimonic oxide Sb^O, {Antinwnic acid). 
Mol. w. unknown. S.G. 3*78 (Playfair a. Joule, 
C. 8. Mem. 3, 83). 

Preparation. -By dissolving powdered Sb 
in aqua regia, or cone. HNO.,Aq, evapomting 
to dryness, and heating [not above 276 ’] (Gcuther, 
J.pr. [2] 4, 438; Dubrawa, A. 186, 110). 

Properties.— Giixon-yeWovf powder ; insoluble 
in water,, but reddens moist blue litmus paper; 
loses 0 at 300’ ((jcuthor, l.c.) giving Sb^O, ; 
soluble in cone. HClAq, slightly soluble in cone. 
KOHAq. 

Reactions.— 1. Heated with antimony or 
antimony sulphide, Sb.^0, is formed. — 2. Heated 
in chlorine, SbCl, and Sb.O, are produced.— 3. 
Heated with ammonium chhride, is completely 
volatilised. — 4. Kcacts with alkaline carbonates 
an fusion, with evolution of CO.^ (v. further 
Antimony, detection of, Antimonic com- 
pounds).— 5 . Hydratesare not produced by the 
direct action of water, but indirectly the three 
compounds, Sb.Ps.SH^O, Sb.40i.2H.p, and 
Sb^O^.H^O, have been obtained {v. Antimony, 
ACIDS OF, Antimonates). Forms many com- 
TOunds with WO^ and MoO, (v. Gibbi, C. N. 48, 
166 ; Am. 7, 209 and 313). 


i powder is bejit prepared by adding 3 pts. H^O to 
j 1 pt. SbCI;„ filtering at or.oe, drying over IL8O4, 

I and washing with ether. Crystalline SbOCi is 
I also obtained by heating SliCl^ with CaH„0 (in 
ratio 8bCl,;CJl„0) in a closed t'il)0 to IfiO'’ 
(Schiiffer, A. 152, 314). By the action of much 
I water on SbCl., (5 to 50 parts to 1 part SbCl, 
• according to Sabanajew, f.c.) the oxychloride 
Sb,0.,CI.2 is obtained as an amorphous powder, 
which becomes ciystalline on standing. To pre- 
pare the crystalline forms it is best to use 30 
parts of cold water, or 3 parts of water at 60° 
to 70° (in the latter case allowing the pp. to 
remain a few hours before collecting) ; there are 
some differences in the forms of the two sets of 
crystals (Sabanajew, l.c.). Crystals (trimetric 
Bchaffcfr, A. 152, 314 ; monoclinic, Cooke, P. Am 
A. [2J 6, 72) of SbiOjClj aro also obtained by 
heating SbClj with CJI^O (in ratio SbClarSCgHgO) 
to 140°-160° (Schaffer, l.c.). The compound 
SbjO .Cl.^ is also produced by the action of alcohol 
on SbOCl (Schneider, P. 108, 407) ; and also by 
heating dry SbOCl (6SbOClt=SbACl2 f Sba,; 
Sabanajew, l.c.). 

The product of the action of much H^O on 
SbCl, is known as powder of Algaroth ; the com- 
position varies according to temperature, quan- 
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4ity of water, and quantity of HOI in the solution 
of SbOla used (oomp. Duflos, 8. 67, 268 ; John- 
ston, pr. 6, 65 ; Malaguti, J. pr. 6", 263 ; Peligot, 
A. 64, 280). 

According to Williams (C. N. 24, 224) the 
action of hot water on SbClj produces 
lOSb^Cl^Oj.SbCl., ; Williams also describes two 
oxychlorides obtained by heating Sb..(), with 
SbCl3(SbA:3SbCl,) to 140^ in a closed’ tube; 
Sb30Cl,3M.P. = 85'^ and Sb^O.Cl, M.P.-07-5° 

Cooke (P. A771. A. [2j 5, 72) describes another 
oxychloride SbyO,,Clo; and yohneidcr (P. 108, 
407) two others, SbOC1.7SbCl:, and 2SbOCl.Sb,()3. 

According to Tliornsen {Th. 2, 240) the heat 
of formation of SbiO^Cla from SbClj and A<j is 
8910 gram-units (v. also Guntz, G. 11. 98, 512). 
By dropping the calculated quantity of very cold 
water on to SbOb., Dubrawa {A. 184, 118) ob- 
tained SbOCla (SbClj + n,0-Sb0Gl3 + 2IICl); 
this oxychloride is a yellowish, somewhat crys- 
talline, mass, soluble in alcohol ; it deliquesces to 
a yellow liquid, from which needle-shaped crystals 
separate in dry air. When heated it melts and 
decomposes (probably to SbOCl -f- Cl.J. It is de- 
composed by Na.,CO,Aq (2SI)OGl3 + 3Na .COaAq - 
6NaClA(i + 20 + 3CO, i 8b,0;,). 

Antimony, oxyfluoride of. SSbOP.SbF., ob- 
tained by delitpicscence of SbFg (y. Antimony, 
FLUORIDES of). 

Antimony, oxyiodides of. SbiOJ., and SbOT. 
Sb/X.L is obtained as light yellow crystals by 
evaporating a solution of SbCl., in KlAq, adding 
HyO and evaporating again. The composition 
of the oxyiodide obtained by the action of H.O 
on Sbl., varies according to the conditions of its 
preparation; by pouring iSblj in IlIAq into hot 
IIjO, Sb^OJ.^ is obtained {v. Macivor, G. J. [2J 
i4, 328). J>y the action of air and sunlight on 
8blj in GS., both oxyiodides are formed, produc- 
tion of SbOl pi'ocecding rapidly (Ct)oke, J\ Am. 
A. f2J 5, 72). When SbOI is heated in a current 
of an inert gas to 150^, 81)13 begins to sublime, 
and at 200’’ is given oil rapidly ; no furtlier 
change occurs till 350^ is reached, when Sbl, 
again sublimes and crystals of Sb.X), remain 
(Cooke, P. A7?i. a. [2] 5, 72). By the action of 
HClAq, IlNOjAq, or H^SOjAq, on SbOI, I is 
separated. 

Antimony, oxysulphides of. Various oxy- 
sulphides of Sb, or more probably mixtures 
of SbjSj and Sb,p.„ were formerly used in phar- 
macy. The compound Sb.03.2Sb._,S3 occurs 
native as antimony blende [v. II. Rose, P. 3, 452). 
The oxysulpliide Sb^OS.^ is obtained as a rod- 
brown powder by boiling SbSl (y. Antimony, 
lOXiDE of) with ZnO and H._jO (Schneider, P. 
110, 147) ; also by the action of Na..S..O,Aq on 
SbClj in HClAq (Bottger, G. C. 1857. 333). A 
compound of Sb.^S, and Sb.O, is much used as 
a brilliant crirasoti-red pigment; it is probably 
Sb303.2Sb3S, ( = 3Sb.,OS.,), {v. Bottger, l.c. ; 

Wagner, J. 1858. 235 ; Kopp, C. C. 1859. 945). 

Antimony, phosphides of, v. Anthiony, Com- 
binations, No. 8. 

Antimony, selenides of, v. Antimony, Com- 
binations, No. 6. 

Antimony, selftio-acid of, r. Seleno-anti- 
MONATES, p. 286. 

Antimony, sulphides of. Two sulphides are 
known, 86383 and Sb^S, ; neither has been 
(rasiBeA and therefore mol. w. of nether is 


known. Unger (Ar. Ph. [21 147, 193) supposed 
he had obtained a disulphide, 86383, by the 
action of NaOHAq on 8638,; but the existence 
of this 86383 is very doubtful. Sb^S, is a feebly 
marked salMorming sulphide, c.g. it dissolves in 
NaOHAq to form Na3Sb3S, {v. Antimony, thio- 
AciDS ok). Sb-Bj is a distinctly salt-forming 
sulphide; the tfiio-antimonatcs (q.v.) arc well- 
marked salts. The trisulphide, Sb.Sa, occurs 
native ; the pcntasulphide does not. 

I. Antimonious sulphide {Antwiony trisul- 
2 >hide, Mineral Kermes, (fee.) Sb.B, [low red heat]. 
S.G. {stihnite) 4-51-4*75 ; (amorphous) 4*15 ; 
(fused, by direct union of Sh and S) 1-892 (Ditto, 
G. R. 102, 212). 8.11.(23^-99'’) *08133 (Begnault, 
A. Ch. [3] 1, 129; v. also Neumann, P. 23, 1). 
Two forms are known; crystallised (trimetrio; 
a;6:c-- *985:1:1*0117) and amorphous. 

Occ?m*mcc.— Native as Stibiiiteov Antwiony 
{//(iwcc, crystallised in trimetric prisms, usually 
containing P, As, Fe, and Cu. 

Prejnwation. — (a) Crystallised: by gradu- 
ally heating to redness, in a covered crucible, a 
mixture of 13 parts of finely powdered 8b well 
; mixed with 5 parts pure 8 ; then fusing for some 
. time under a layer of NaCI ; cooling, powdering, 

' mixing with a little 8, and again fusing under 
NaCl. (b) Amorphous: by boiling 4 parts 
KOUAq, S.G. 1*25, and 12 parts H^O, with one 
part crude Sb.^S^jOutof contact with air for some 
time, adding 50 parts boiling H.,0, filtering 
: quickly, and decomposing the solution by dilute 
IL80,A(i; the pp. is collected, boiled with very 
dilute H.^SOjAq, washed with cold water, digested 
with aqueous tartaric acid (to remove a)iy Sb.^O;,), 
again washed with cold water, pressed, ami 
dried at a low temperature. Gooko (P. An., A. 
[2] 5, 1) dissolves Sb in large excess of HNOaAq 
(8.G. 1*35), keeping the temperature as low as 
possible, neutralises with NaOHAq, dissolves in 
■ Jiirge exces.s of H.^.CJI^O^iAq, pps. by IPS in an 
atmosphere of COj, collects and washes pp. and 
dries below 210'^. The amorphous sulphide is 
also produced by melting crystalline 8b 8., in a 
glass tube, and after a time throwing it into a 
large quantity of cold water (Fuelis, J\ 31, 578). 

I An impure Sb.Bj, containing 8b,.0„ known as 
j Kermes, is prepared for commercial purposes by 
I heating crude antimony sulphide with a([ueou3 
alkalis or alkaline carbonates. 

Properties, - {a) Crystalline; grey-black 
trimetric prisms ; melts easi ly. (5) Amorphous; 
prepared by ppn., is a reddish-brown, loose, 
powder which marks paper with a brownisli 
streak ; prepared by meltingand suddenly cooling 
the crystalline Sb.S,, it is a hard gre^'ish mass ; 
molted and cooled slowly it yields the crystalline 
form ; heated to 210 -220'’ it becomes grey 
(Cooke, P. Am. A. [2] 5, 1). Both forms of 
86383 aro insolnblo in water, and in NH.,Aq, 
dissolve in KOHAq, in HClAq, and very slowly 
in tartaric acid. They may be distilled nn- 
changed in a stream of N. 

Reactions. — The products of the reactions of 
crystalline and amorphous Sb.S, are, in almost 
every case, the same; the actions usually proooed 
more rapidlywith the amorphous than with the 
crystalline form. 1. Boiled with rmter, is par- 
tially decomposed to SbJ"),, and H38 (De Gler- 
I mont a. Frommel, C. R. 87, 330 ; Lang, R 18, 

I 2714).— 2. Heated in hydrogen, Sb is formed.— 





M. Oaicinsd in air, Sbfi^, or Sb^O^, and SOg are 
produced. — i. Heated in chlonne, SbOl, and 
BjOla result. — 6. Aqueous hydrochloric acid 
forms SbCl, and H^S ; after a time the action 
stops, but if the H.^S is removed the whole of 
the SbjSa is decomposed (u. Lang, JB. 18, 2714; 
also Bcrthelot, C. 11. 102, 22).— C. Cone, nitric 
acid oxidises to nitrate and sulpliate of Sb mixed 
with S.— 7. Aqua regia forms SbClj, ILS04, and 
S. — 8. Dilute solutions of sulphuric acid have no 
action on crystalline Sb.Bg, but slowly evolve H„S 
from amorphous Sb^Sj ; cone. H.SO^Aq evolves 
SO.J, separates S, and forms Sb.j(SO,)3 (Hensgen, 
a. T. 0. 4, 401). — 9. Fused with at least 17 parts 
nitre, KSbOg is formed, with Sb sulphate ; with 
less than 17 parts nitre, SbDj is sometimes 
formed in addition to the other products, or a 
art of the Sb.^Sa remains unoxidised and com- 
ines with KoS formed to produce a thio- salt. — 
10. Melted with excess of lead oxide, Sh,Oa, SO.^, 
(andPb), are formed. — 11. Melted with pofassinwi 
cyanide, Sb is produced, along with KCNS and 
a compound of SboSj and K.^S. — 12. Iron, zinc, 
and many other metals reduce SkS;„ when 
heated with it, forming Sb and a metallic sul- 
phide ; metals whose sulphides are basic {e.g. K) 
generally combine with part of theSb^Sa to form 
thio- salts. — 13. Many easily reduced metallic 
oxides when heated with Sh^Sg form Sb.O^ and 
SOjj.— 14. Many metallic sulphides combinewhen 
heated with Sb,,S3 with production of double 
compounds ; several of these double compounds 
occur native, e.g. Sh.S3.PbS ; SbBa.Cu^S ; 
Sb.Sj.BAg.S ; Ac.— 15. Alkali sulphides comhino 
with Sh Sg either when heated in the solid slate 
or in solution; the compounds produced are 
generally known as livers of antimony, q. v. 
{v. also next reaction) ; aqueous solutions of 
these compounds absorb 0 forming Sb,0«, anti- 
monates, and thio-antirnonates. — 16. Caustic 
alkalis react with Sb^Sg, when fused together, or 
when in aqueous solutions, toproduce antimonito 
and thio-antinionitc : thus, 4Sb.S., 4K.,0- 
GKSbS, -f 2KSbO.^ ; or 4.Sb.,S:, +‘8kOTlAq = 
a(Sb B^.K.SAq) [ = 6KSbS,Aq] ‘ + ShX>.,.K,OAq 
[*=2kSb02Aq] 4-4ILO. Addition of IIClAq to 
this solution pps. Sb-.S.,; 

(CKSbS.,Aq + 2KSbO.Aq -f- SHClAq = 

4Sb,.S3 + SKClAq I- 4iLO). If, however, much 
SbjSg, relatively to the amount of KOH, is used, 
formation of KSb.S.Aq procced.s, but the KSbOa 
being much less soluble pps. along w'ith some 
oxysulphide and Sb^O^ which has not combined 
with KOIL(crocw5 of antimony). The solution 
of KSbS.j is acted on by air, giving finally an- 
timonatc and thio-antimonate (6KSbS^Aq + CO = 
4KSbS3Aq + 2KSb03Aq). — 17. Solutions of car- 
bonated alkalis, KjCO, and Na./lOgAq, dissolve 
Sb^Sj only on heating ; the solutions behave 
similarly to those obtained by KOHAq and 
NaOITAq; on boiling in air a pp. of KSbOg 
(SbjOjj.KjO) combined with is obtained 

(Kermes), and KShS, remains in solution. When 
1 pt. is fused at a strong red heat with .3 pts. 
NajCO,, and H.,0 is added, a solution contain- 
ing antimonate and thio-antimonate is obtained, 
and 81) is ppd. (probably, lONaSbO.^Aq + 2H.3O 
- 6NaSh(4,Aq + 4NaOHAq -1- 4Sb). The action 
of alkalis on Sb^S, has been chiefly investigated 
by Liebig (yf. 7, 1). 

Combinations. — With metallic sulphides to 


form thlo-a&timonitM (o.it^a)» under Aim* 

MOKY, TBZO-AOn>B OF. 

Antimonious sulphide; hydrated* 
The orange-red pp. obtained by passing H.3S 
into a solution of SbClj or C^H jKSbO, containing 
little acid is amorphous hydrated Sb.^Sj, which* 
is fully dehydrated only at 200° (Frosenius ; ac- 
cording to Wittstein the pp. contains no chemi- 
cally combined H.^0, Fr. 1870. 2G2). It behaves 
towards acids, alkalis, &c. in the same way as 
amorphous Sb.Bj. When this pp. is treated with 
peroxide of hydrogen, in presence of NHjAq, a 
portion of it is oxidised to antiiiionic acid, some 
of wliich separates out and some remains in 
solution as NH4.SbOs (Raschig, B. 18, 2743). 

II. ANxnroNio suiiPniDjR Sh.S., {Antimony 
pentasulphide or persulphide, Golden sulphuret 
of antimony, Ac.). Mol. w. unknown. Not 
found native. Sb.^Sa does not directly comhino 
with S ; but by heating ShoSj, 8, and NaXO, 
together, Na^ShS^ is formed, from which Sb.^Sj is 
obtained by the action of acids. 

Formation.— 1. By the action of H.B on 
ShCl, in IL.C^H40,;Aq, or on 8b.X.,.3’H,,0 sus- 
pended in water.- 2. By decomposing solutions 
of thio-antimonates by dilute acid. 

Preparation. —Ifi parts crystallised 
NajSbSi.OILO {q.v. under Antimony, thio-acids 
of) are dissolved in GO parts H./) ; the solution 
is poured (with constant stirring) into a cold 
solution of 3*3 parts pure II.8O4 in 100 parts 
H.X ; the pp. is washed by decantation, then on 
a filter, with cold water, as quickly as possible; 
to remove all traces of acid, the pp. is now di- 
gested with a cold solution of 1 part NallCOa in 
20 parts H.X for a few days; it is again washed 
then pressed, and dried in a dark place at a low 
temperature. 

Properties. — A dark-orange powder; insoluble 
in water ; completely soluble in aqueous alkalis ; 
in absence of air, soluble in NHsAq, and in 
aqueous alkali sulphides; solublo in Na.^CO.j or 
K.,C03Aq, not in (NH^XGaAq. 

Reactions.— 1. Heated out of contact with 
ail’, Hh.^Sj and 8 are formed.— 2. Decomposed 
by boiling with hydrochloric acid, giving SbClj 
and 11,8. — 3. Caustic alkalis (Visso\\ei^h.jS^, form- 
ing antimonate and tliio-antimonatc. — 4. Car- 
bon disulphide dissolves out a little S (about 5 
n.c., Rammelsherg, P. 52, 193). That this is due 
to a decomposition of Sb.B.,, and not to the 
action of CS.on admixed 8 (it lias been supposed 
that the action of CS.^ proves tlio non-existence 
of Sh^SJ, is shown by the fact that much less 
than S3 is withdrawn from each Sb^Sj by CSj, 
and also by the reactions of the Sb.^8..,, especially 
the solubility in NH^Aq in which Sb2S3 is in- 
soluble, and the insolubility in (NHJjCOjAq 
which dissolves Sb^S,. 

Combinations.— With alkali sulphides to form 
thio-antiraonates, q.v. under Antimony, thio- 
acids OF. 

Antimony, sulpho-acids of, v. Antimony, thio- 
acids OF*' 

Antimony, sulpbo- (or tLio)- chlorides of. 
SbSC1.7SbCl„ and 2SbSCl.Sb.,S3, obtained by 
action of Sb^S, on 8bCl,; and ShSCl, obtained by 
the action of HjS on SIiCIa (v. Antimony, GBLO- 
BIDES of). 
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Axitimo&yi tnlphop (dr thio). iodidei ot 
SbSI ; by action of Sb^S, on 6bl„ or of I on 
SbjS, (v. Antimony, iodidb of). 

i^timony, tellurides of, v. Antimony, Com* 
binations, No. 7. 

Antimony, tbio-acids of. No thio-acids of Sb 
are known, but a few thio-antimonites, MSbS.. 
and one MjSbSg, and a considerable number of 
well-marked lliio-antimonates, M^SbS^, have been 
prepared. The thio-antiinonitos may be regarded 
as derived from the hypothetical acid HSbS.^ 

( = SbS.SlI) ; they correspond in composition with 
the antimonitcs MSbO., and with the meta-thio* 
arsonitcs MAsS.j. Tlie thio-antiraonatcs may be 
regarded as derived from the hypothetical acid 
Fl 3 SbS 4 ( = SbS(SH) 3 ); nc corresponding anti- 
tnonates are known (MShO^ and IM^Sb.^; roprc- 
3ent the antimouates) ; the thio-arsenites are re- 
presented by three scries, one of which (the ortho- 
series) corresponds with the thio-antinionates. 

Thio-antimoniti<:h. A very few of these salts 
have been prepared. Addition of absolute 
alcohol to a solution of Sb^S;, in NaOHAq pps. 
amorphous NaSbS.,, soluble in water. By heat- 
ing to .‘JO® equivalents of SboSj and NaOH 
(in cone, solution) copper-coloured 2NaSbS._..Ih,0 
is formed (Unger, J. 1871. .‘525). The silver 
salt AgjSbS,, is said to be obtained as a grey 
mass, reddish when powdered, by heating 
AgaSbS, out of contact with air (Hariimels- 
berg, P. 52, 103). Several minerals may be 
regarded as thio-autimonitos, e.g. PbS.Sb.Sj; 
Ag,S.Sb,.S, ; Cu,S.Sb,S 3 ; PcS.Sb.Sa Ac. 

Tjho-antimon'atks M.,SbS,. Investigated 
chierly by Ilammclsberg (P. .52, 193). Some of 
these salts arc obtained by the action of alkali 
sulphides on Sb.^S,, ; but they arc better obtained 
by acting on Sb.Sj with aqueous solutions of 
alkali sulphide.s in pirsence of sulphur, or with 
aqueous solutions of alkali polysulphides. They 
are also obtained by fusing Sh^Sg with alkali 
sulphides (or witli sulphates and carbon) and 
sulphur. The decomposition, in air, of alkaline 
livers of antimony also often yields thio-antimo- 
nates {v. Antimonious sulphide, lhactuws, No. 
15 and 10). The thio-antiinonates of the alkali 
metals are soluble in water, many of the othcr.s are 
insoluble and are obtained from the alkali sails 
Ly ordinary double decompositions, the meiallic 
salt solution being aildod in quantity less than 
Birfficient to decompose the whole of the alkali 
thio-antiiuonate. Solutions of thio-antimonatos 
are easily decomposed by acids, even by the 
CO.; of the air, with ppn. of Sh^S.,, and, when 
exposed to air, of alkali thio-sulph.ate. The 
alkali thio-unlimonates arc not decomposed by 
heating out of contact with air ; the salts of the 
heavy metals lose S, and give thio-anlimoiiites. 
The more important tliio-antimonatcs are those 
of potassium and sodium. 

Potassium thio-antivmiatc. 2K.,SbS4.91T;0 ; , 
slightly yellow deliquescent crystals; prepared ! 
by boiling, for several hours, 1 part S, (J parts : 
KjCOj, 3 parts CaO, and 20 parts ll;0, with 1 1 parts ' 
Sb^S,, filtering, and cooling out of contact with ; 
air. A salt KgSbSi.KSbOj.OH-P is obtained, in : 
long white ncedlaB.by adding cold cone. KOlIAq 
to SbjSi, filtering from 2KH(lSb0J,;.6H.,0 which 
separates out, and evaporating (u. SchiiT, A. 
U4, 202). 

Sodimt tJUo • antimonatc NaaSbS^.OHjO 


(known is salt). Prepared by fusing 

together 16 parts dry NaaSO;, 13 parts Sb,S„ 
and 4-6 parts wood charcoal, dissolving in 
water, boiling with 2^ parts sulphur, filtei- 
ing and evaporating; the crystals are washed 
with very dilute NaOHAq and tlicn with water, 
and dried quickly at a low temperature. The 
salt may also bo prepared by boiling Na.jCOjAq 
with CaO, Sh.Sg, and 8. Sodium tliioantimoriate 
forms large yellowish monometric tetrahedra ; 
it dissolves in 2-9 parts IBO at 15®, the solution 
has an alkaline reaction. The crystals are best 
kept in contact witli their mother liquor to 
which a little NaOHAq is added ; they decom- 
pose in air, giving Sh-Sj, Sb.^S,, Na..8, Na,CO„ 
and Na.H.;0;,. When the motlier liquor from 
Schlippe’s salt is evaporated, cry.stals of a double 
salt Naj8bS,.Na._.S.;O;,.20H._,O are obtained. Solu- 
tion of tartar emetic is decompo.sed by NajSbS^Aq 
thus ; GC,n,KSbO,Aq + 2Na,HbS,Aq = 

CC,H,Kx\aO„ + SbjO., + Sb^S^ -t Sb.S.,. 
Thcotherthio-antiinonatesare generally obtained 
from tlio sodium salt : the best-marked are 
Ba,(SbS,),.GH,0 ; Cu 3 (SbS 4 ).. ; rb 3 (SbS 4 ).; ; 

HgjiSbM,).;; Ag 3 SbS 4 ; a few others are kno^v^ 
{c.g. of Cd, Co, Mn, Ni, V, Zn) but they are very 
easily decomposed, and not many liavo been 
obtained in definite forms. M. M. P. M. 

ANTIMONY, Compounds with organic 
radicles. 

licferences.—howiQ a. Schweizer, .4. 76, 316; 
Landolt, J. pr. 52, 385; 57, 134; 84, ,330; 
A. 78, 91; 84, 44; Buckton, C. J. 13, 116; 
IG, 17; Lowig,^.88,323; 97,322; C.J.B, 201; 
Bcrlt‘, J. pr. 05, 385 ; Scheiblcr, J. pr. 04, 505 ; 
Fried hinder, J. pr. 70, 449; Cramer, PJiarm, 
Cent. 1855, 4G5; Hofmann, A. 103, 357 ; Strerker, 
A. 105, 300; v. Bath, P.110, 115; JOrgessen, 
J. pr. [2] 3, 342 ; Lc Bel, Bl. [2] 27, 444 ; 
lilichaclis a. Reese, A. 233, 42. 

Tri-methyl-stibine ShMe^. Mol. w, 1G7. 
(81®). 8.0. : 1.523. 

Preparation. -An alloy of antimony (4 pts.) 
and sodium (1 pt.) is mixed with sand and McI 
and distilled. McI and SbMe., pass over but 
unite in the receiver to form ShMe,l, which when 
distilled witli an alloy of antimony and potas- 
sium in a current of COj gives ShMc, (Landolt). 

Properties, — Liquid, smelling of onions, si. 
sol. water ; may take fire in air. Takes fire in 
chlorine. Reduces salts of silver and mercury. 

Salts.- Unites directly with non-rntTals. — 
ShMe^CL : hexagonal crystals, si. soluble in 
water. Formed also from ShClj an»’ IlgMe,. — 
SbMcgCLSbMe^O : octahedra, sol. water. — 
ShMc,Bi\,. — SbMe 3 Br.,SbMe 30 : octahedra, sol. 
water. — SbMeal. : formed by heating Sb with 
Mol at 140®.-^SbM,',J.„SbMe3O: octahedra.— 
SbMeaS ; scales.— SbMe 3 (N 03 ),.-Sl)Mo 3 S 04 . 

Tetra-methyl-stibonium salts. SbMeJ. S. 80 
at 23®. From SbMoj and Mel ; six-sided plates. 
When distilled the vapour (SbMog -i Mel) takes 
lire in air.— SbMo^.OH : from moist Ag.O and the 
above. Deliquescent alkaline crystals : absorbs 
CO.; from air, and expels Nil, from its salts. Pps. 
baryta from Bal;, also the hydrates of Pb, Ca, 
Cu, Hg, Ag, and Zn ; only the last pp. is soluble 
in excess.— SbMo^Cl : very soluble hexagonal 
plates; v. si. sol. ether.- (ShMi^Clb^PtCl^l 
ditlicultly soluble orange powder; si. sol. water, 
insol. alcohol and ether.— SbMe^Br.—fSbMeJ.jS: 
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iolable green powder; oxidises rapidly. — 
BbMe 4 NO, [160®] : crystals, v. sol. water, not 
decomposed by boiling concentrated HaSO^.— 
SbMe^S 04 H : soluble plates.— (SbMeJaSO^ 6aq. 

Bi-methyl-stibine sulphides (ShMeJ-^S^ 
[c. 100°] and (SbMei).sS are formed by passing 
HgS into an ethereal solution of SbMe^ that has 
been oxidised by exposure to air. 

Antimony penta-methide ShMe^. (c. 98°). 
Formed together with antimony tetra-incthide, 
(SbMoJ;, (o. 90^), by distilling trimethyl stibine 
iodide with ZnMo.. Both are oils which do not 
fume in air. 

Methyl-tri-ethyl-atibonium salts ShMeEtJ. 
S. 60 at 20°. From SbEt, and Mel. Glassy 
prisms, sol. alcohol, insol. ether; the solutions 
are laavorotatory. HgCl., gives a precipitate of 
SbEtaMellUIgl,.— SbMeEt,01I ; from moist 
AgjO and the iodide, or from the sulphate and 
baryta. Pps. metallic salts, the hydrates of 
zinc and aluminium dissolving in excess. — 
SbMeEt.,Cl: small needles. - ShMeEt^IHgL. — 
(ShMcEy-^COj ; amorphous. — (SbMoEtjl.SO^ : 
[100°], deliquescent, shining, bitter crystals.— 
(SbMeEt3)X^04 : glassy needles, m. sol. water. — 
SbMeEtaG.OjH : needles, v. sol. water. - The 
acetate, formate, and biiti/rate are crystalline. 

Tri-ethyl-stibiue SbEt^. Mol. w. 209. (150°). 
8.G. 1-324. V.l). 7*41 (calc. 7-18). 

Formation. — 1. From SbClg and ZnEL. — 
2. From EtI and a mixture of sand with an 
alloy of Sb and potassium. —3. From SbClj and 
HgEt...— 4. By distilling SbEtgl. with Zu. 

Froi)erties. ~~0\\., smelling of garlic, v. sol. 
alcohol and ether. Takes lire in air ; hence it 
should bo kept under water. Decomposes fuming 
hydrochloric acid with evolution of hydrogen: 
SbEtj + 2HCI = SbEt^Cl, H,. When slowly 
oxidised it forms ^SbEt,0 and SbEt,(8l)0..).. 
Combines directly with S, So, I, Br, and Cl. 
Dilute HNO;, dissolves it, giving off NO and 
forming SbEt,,(NO.,)„ In all those reactions 
tri-ethyl-stibiiio behaves like a metai. An 
alcoholic solution of SbEt, shaken with IlgO 
liberates Ilg while SbEt^O remains in the 
solution. 

Tri-ethyl -stibine-oxide SbEt/.). 

Formation. — 1. From SbEt^I^ and Ag.^0. — 
2. From SbEtgSO^ and baryta. — 3. By slow 
oxidation of an alcoholic or ethereal solution of 
SbEtj ; SbEt/SbO/.^ is formctl at the same time, 
but this differs from SbEt,0 in being insol. 
ether,— 4. By shaking alcoholic SbEt, with HgO. 

Properties. — A syrui), v. sol. water and 
alcohol, m. sol. ether; combines with acids and 
precipitates metals as hydrates from solutions 
of their salts. If its aqueous solution is free 
from SbEt,(SbO.J,_;, no pp. is produced by ; 
otherwise a pp. of SbEt/SbS.Jj, is formed. 
Potassium converts it into SbEtj. 

Tri-ethyl-stibine salts. 

CAlori(fe.-SbEt,Cl,. S.G.l^: 1*540. Oil, 
Boluble in alcohol. Ppd. by adding IICl to 
an aqueous solution of the iodide or sulphate. 
Cone. H.^SO, decomposes it, giving off HCl. 

Oxy -chloride. — HbEtgCl.^.SbEtjO. From 
the oxy-iodide and HgCl .. Deliquescent solid. 

Bromide. — SbEt,13r,. B.G. 1053. 
Bolidifica at - 10°. lusol. water, soL alcohol 
and ether. Behaves like a metallic bromide. 

Jodid#.— BbEtJj. [71°]. Formed by heating 


Sb with EtI at 140®; or by adding iodine to an 
alcoholic solution of SbEt, at -16°. Needles 
(from ether). Unlike the chloride, it is soluble 
in water. Potassium removes the iodine thus ; 
SbEt3L,-i-K2 = 2KI + BbEt3. 

Oxy-iodide. — SbEt.L.SbEt^O. Formed by ' 
treating the iodide with Nil, ; or by mixing the 
iodide with the oxide SbEtaO. 

NitZp/iide. -SbEtaS. From the oxide and 
IDS or from SbEt, and S. Soluble in water and 
alcohol. Its aqueous solutions pp. metals as 
sulphides from their salts. 

IViiraf c.—SbEt3(NOs)o. [63°]. Formed by 
dissolving SbEt,, or its oxide, in dilute IINO3. 
lihombohedra, soluble in water. 

Oa;?/-wi^rafc.— SbEtjO, IINO3. From the 
oxy-iodide and AgNO,,. 

iS?ti/)7m^c.~SbEt3SO, [100°]. From the 
sulphide and CuSO^. Small prisms, sol. water 
and alcohol. 

0.cy -snip hate .— (SbE t,0) JI^SO ,. From 

the oxy-iodide and Ag.SO,,. Gummy mass. 

Tetra-ethyl'Stibonium salts. 

JofiirZe. -SbEt/, 1/aq (and ’j’aq). S. (anhy- 
drous) : 19 at 20°. From SbEt,, water, and EtI 
at 100°. Hexagonal prisms, sol. alcohol and 
ether.— SbEt/ ?|IIgD. — SbEt/ 

nydrate.—ShFAiOll. From moist Ag.,0 
and the above. Alkaliuo syrup. Bps. metallic 
hydrates from salts : stannic oxide and alumina 
dissolve in excess. Expels Nil, from its salts. 

0 hloride. — SbEt, Cl. Hygroscopic needles. 
Forms compounds with HgCl^ and with PtCl^. 

Bromide. — SbEt,BrAq : needles. 

Per iodide. — SbEt/,. 

Nitrate. — SbEt, NO, : deli(inescorit needles. 

N (SbEt, ).SO,: deliquescent mass. 

Oxalate.— (SbEt,)/U),. 

Antimony-penta-ethide SbEtj (?). (0. 105°). 
From »SbEt,L, and ZnEt.. 

Tri-isoamyl-stibine SbIC/I,,),. From an alloy 
of Sb with K by C/li,!. Fuming liquid, docs not 
take fire in air. 

Oxide. Sb(C/I,,)30: insoluble resin, solu- 
ble in alcohol. 

Salts. — Sb(C5H,,)3Cl.,: oil, heavier than 
water, soluble in alcohol, ppd. by water. — 
Sb(CH„),Br, : oil. - - Sb(C,H„),D : oil. — 
Sb(0/l,,),(N(),).g [20°] slendercrystals, insoluble 
in water, soluble in alcohol— Sb{C/l,,),SO, ; oil. 

Antimony di-isoamyl Sb/C.H,,), (?). Formed 
by distilling Sb(C,H,,)3. A licavy oil, soluble in 
alcohol. Does not fume in air, but explodes in 
oxygen. Its salts are amorphous. 

Tri-phenyl-stibine Sblh,. [48°] (above 
360°). S.G. 1-500. Froiri SbCl, (1 pt.), 
chloro-benzcne (1 pt.) and Na; benzene being 
used as diluent. Small quantities of SbPhXl, 
and SbPh.,Cl3 are also formed. The benzene 
deposits crystalline SbPh, ; this is warmed with 
alcohol containing HCl, which dissolves SbPh„Cl„ 
and the residual SbPhj is converted into 
SbPh3CE by chlorine. The latter is reduced by 
alcoholic ammonia and hydrog'on sulphide: 

SbPh3Cl3 + - SbPh, + 2H.CI + S. 

Properties . — Colourless triolinic tables a:h:o 
= *697 : 1 : -889. a - 100° 38'.'" /8 - 103° 37'. 

71=75° 25'; si. sol. alcohol, v. e. sol. ether, ben- 
zene, glacial HOAc, CS.,„ chloroform, and petro- 
leum ; insol. water and aqueous HCl. It does not 
decompose HCl ; bat it oombines directly with 
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halogens) it reduces cupric, to cuprous, chloride. 
Vyith mercuric chloride it reacts as follows : 

SbPha + SHgClj *= SbCl, + 3HgPhCl. 
Fuming HNO^ forms SbPh,(NOa) 2 . 

Salts. — SbPhaCl^ [143°j : long thin needles; 
not affected by water ; insol. light petroleum, 
si. sol. ether and alcohol, v. sol. benzene and CS,. 
-SbPhaBr,. f216°1. - SbPhJ,. [153^]; white 
tables. SbPh^OHjo. ['212°]. From the bro- 
mide and alcoholic KOH. Amorphous powder, 
sol. glacial HO Ac and reppd. unaltered by water. 
Insol. ether, v. e. sol. alcohol. Converted by IICl, 
salt.-SbP]i,(N 03 ),. 
[16b j. Insol. water, sob alcvihol. 

Antimony di-phenyl chloride Sbi‘h.,Cla aq. 
[180®]. Obtained as a by - product in pre- 
paring SbPhj. Needles, insol. water, sol. lu.t 
dilute nCl, V. e. sol. alcohol. Alcoholic Nil. 
converts it into Ph,Sl)0(0H), a white powder, 
insol. water, ammonia, alcohol, ether, or 
Na_,C 03 Aq, but sol. NaOflAq and glacial 
HOAc. 

ANTIPYB.INE v. Oj:y-di-MKTHYL-QuiNiziN'E. 

^ APHRODJESCIN. A substance contained 
in the cotyledons of the horse-chestnut iv. 
ACscinic acid). 

APIIN. When common parsley {Apium 
petrosclinum) is extracted with boiling water 
the filtrate gelatinises on cooling. The jelly is 
dried at 100'^ and extracted with alcohol, and 
the alcohol poured into water. The operation ; 
of dissolving in alcohol and ppg. with water is ■ 
repeated several times, and the apiin finally > 
crystallised from alcohol, with stirring. Apiin 
also occurs in parsley seed ; if this is boiled with 
water, apiol distils over, while apiin separates out 
from the residue. 

7Vo2.crf/:c.s-. -Needles; si. sol. cold water, v. 
Bol. hot Mater, separating again as a jelly; v. 
8ol. alcohol; insol. ether. Its solution in boil- 
ing water gives a blood-red colour with FeSO.. 
Gives picric acid with UNO,, ; and pliloroghicin 
by pota.sli fu.sion. 

Apigenin C,,ir,„0,. Boiling dilnle II,SO. 
splits up apiin into apigenin and glucose: 

c H,,0„ + IBO = C„H,. 0 , + 20„H,,0.. 

Crystallises in plates (from alcohol). It sublimes 
near 2',)l®. SI. sol. hot water, v. sol. alcohol, 
insol. ether. Potash f usion gives phloroglucin, 
protocah'chuio acid, ^)-oxybcnzoio acid, and 
oxalic acid. 

ltifercnecs.~Y{[imYt, Buchner’s Pepert. f. 
Pharm. 0,(5; Braconnot, yl. Ch. [.S] 260* v 

riantaa. Wallace, yl. 74 , 2(52 ; Lindenhorn’ // 
M|23 ;^v. Gerichten, B. 9, 1121 ; Whitney, Ph. 

APIOL [30°]. (c. 300°). Extracted 

by alcohol from parsley seeds (v. Gerichten, B. 

9, 1477). Needles ; insol. M-ator. Alcoliolio 
KOII converts it into two crystalline bodies. 
[64°] and [114°]. The essential oil obtained by 
distilling parsley seeds with water contains apiol 
but consists chielly of a terpene, (1{10°-1(54°) 
~'50‘8°. It has a strong smell 
of parsley. A small quantity of a hydrt)chloride, 
[11(5°], can be g(^ from it. 

llefercnces.—hbmg, a. Wcidmaiin, P. 40, .'JS; 

V. Gerichten, B. 9,258, 1121,1477; Babitzky, 
Braiinschw. Anzeiger, a.d. 1754; Blanchet a! 
Sell ; A. 6, 301 ; Martius.A. 4,267 ; Honiolle a. 
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Joret, J. Ph, [8] 28, 212; and the reference* 
under Apiin. 

• ^o*"POunds beginning with this prefi* 
are described under the words to which it is 
prefixed. 

APOCYNIN. The root of Apocj/ninn Ca7iha^ 
biu?/i contains amorphous resinous apocynin^ 
sol. alcohol and etlier, v. e 1. sol. watei-, and a 
glucoside, apocynein (Schmiedeberg, Ph. [31 

13,942). b. 1 i 

APOPHYLINIC ACID. The rnethylo- 
hydroxide of cinchomeronic acid ; v. PYiiiDiri* 
Di-caiiboxylic acid. 

APPLES. The artificial essence of apples 
contains iso-amyl iso-valerate dissolved in 
rectified spirit (Hofmann, A. 81, 87). 

APRICOTS. The artificial essence of apricots 
contains isoamyl butyrate and isoamyl alcohoL 

AQUA REGIA v. Cni,ojiiiYD]ac acid. 

AQUA vita:. Alcohol. 

ARABIC ACID (Arabin) C, JI ,..0„ ; 7iC,H„0. 
(Neiibauer, J. pr. 62, 193; 71, 255); 

(Scheiblor, B. 6, 612); (O’Sullivai), 

; 0. <7. 45,41). 

! Occurrence.- It is a constituent of probably 
j all Ittivorotatory gums, and has been isolated 
from Levantine, Senari, East Indian, Senegal, 
and Turkey, gum ; these gums contain also, as 
a rule, other acids dilTercnt from, but closely 
allied to arabic acid (O’Sullivan). It exists ia 
sugar-beet (Scheibler), and in the extract of yeast 
obtained by boiling water (8chiitzenberger, BL 
[2j 21, 204; C. li. 78, 493). The beet gum is 
probably related to arabic acid, but there is na 
evidence that the yeast-extract body belongs to 
the arabin group. Many gum-like constituents, 
of seeds and roots are referred to as gums, but 
the great bulk of them obviously hold no relation 
to arabic acid. It is found in certain aniinala 
(Stiideler, A. Ph. Ill, 26). 

Ponnation.—U h a product of the action of 
sulphuric acid on algto-inncilage (Brown, Kd, 
Ph. 1. 26, 409); oii quince, linseed, and llea-wort 
mucilages, cellulose being at tlie same time pro- 
duced (Kirchner a. Tollens, A. 175, 205); and 
on metagummic acid (Fr6my, C. R. 50, 125). 
Cellulose is transformed into gum in plants 
j (Mcreadante, G. 5, 408). In none of these cases 
I havo we any information as to the character of 
j the gum produced. 

[ Preparation.—^ The Irevorotatory gums are 
principally potassium, magnesium, and calcium 
salts of arabic or allied acids ; they contain 
from 12 to 18 p.c, water, and yield 2 7 to 3 0 p.c. 
ash consisting almost wholly of carbonates of 
these metals. Any one of these gums is dis- 
solved in the least possible quantity of water, 
the solution is allov ed to stand, and, when 
clear, decanted from any insoluble matter. To 
the clear liquid twice or thrice as much HCI 
as is suflicicnt to convert the bases into chlorides 
is added, and the gum-acid or acids are precipi- 
tated by a moderate excess of alcohol. If the gum 
contains only arabic acid, the whole pp. can be 
])iirified as is described below when dealing with 
one of the fractions ; but if, as is very frequently 
the case, other allied acids are also present, it ia 
necessary to have recourse to fractional pre- 
cipitation to isolate the arable acid. It ia 
found in the fractions least soluble in dilute 
alcohol, and may be obtained as follows The 
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oatdy 2^., proditoodl b/ of alool^l In 
prosenoe of HCl, is well washed with spintt and 
ihen pressed as free from it as possible. It is re- 
dissolved in warm water, care being taken to avoid 
heating for any length of time, because even 
the small quantity of HCl retained by the pp. has 
a tendency on heating even for a short time to 
decompose tlio arabio acid, as will be described 
below. The solution is cooled, and alcohol 
gradually added with continual stirring. In 
this way, the liquid can be made milky without 
the formation of a pp. ; from this ‘ milk ' the 
acid or acids can be precipitated in successive 
fractions by the addition of HCl in carefully 
graduated quantities. If 4 or 6 fractions are 
obtained, one or more of them is arabio acid. 
Each fraction is freed from ash by repeated 
precipitation from aqueous solution with alcohol 
in the least possible excess in presence of HCl, 
and from IICl by repeated precipitation from 
concentrated solution by the rapid addition of 
strong alcohol, whereby the production of a 
* milk ’ is obviated. The fractions thus purified 
are treated with alcohol (S.G. *81) to render 
them friable, rubbed down to a powder, filtered 
out, pressed, and dried over sulphuric acid. 
Thus prepared they are white, friable bodies, 
easily 8olul)le in water. If in this state they 
are exposed for any length of time to a tem- 
perature of 100^, they are converted into the 
meta modifications (meta acids) which are in- 
soluble in water and only swell up to jelly-like 
masses when treated with it. If, however, they 
are previously dried in a vacuum over sulphuric 
acid until the weight becomes constant, they can 
then be dried at 100^ without becoming insoluble. 
The fraction or fractions which arc found to 
have an optical activity, [a]j = -20'^ to —28^, 
and which, when again divided, yield fractions 
each of which has the same activiiy, consist of 
arabic acid. 

Proper Lies , — Arabio acid, when slowly dried 
out of syrupy solutions, on glass plates, is a 
brittle, transparent, colourless, glassy body, solu- 
ble in water. During the drying process, espe- 
cially if a little mineral acid is present, the 
acid is frequently converted into the meta modi- 
fication. Solutions of the body arc strongly 
acid to litmus paper, and have a sharp acid 
taste; they completely neutralise .solutions of 
the alkalis and alkaline earths, and decompose 
carbonates. The salts of tho alkaline earths 
are precipitated out of solution by alcohol ; those 
of tho alkalis are not precipitated under the 
same conditions, hut yield peculiar milky or 
opalescent solutions from which arable acid, 
with some of the alkaline salt, is precipitated on 
the addition of stronger acids. BaS04, TbS, and 
other sulphides, and some hydrates precipitated 
in solutions of arabic acid, cannot be filtered out, 
but pass, in greater part, through the filter. 
Fine animal charcoal is carried through in the 
same way (C.O’S.). Gum arabic prevents the pre- 
cipitation of the alkaloids by phosphomolybdio 
acid, potassium-mercury iodide, and tannin 
(Lefort a. Thibault, J. Ph. [5] 0, 1C9). These 
are properties common to all the gum acids. 
The defining characters of arabic acid are its 
optical activity, viz. [a‘)3 - -26° to -28°, for 
stations containing 5 to 6 grams dry substance 
in 100 C.O., and the composition of its neutral 


barioik and oftloiom lalts ; In the dry the 
former contains 6*0 p.o. BaO and the lattM 
2*28 p.o. of OaO (O’S.). Solid gum roasted with 
oxalic acid yields metagummio acid (Fr6my), this 
is dissolved by solutions of the alkalis and alka- 
line earths with the reproduction of arabio acid 
{v. Rhem. D. P. J. 216, 539). Gum arabio and 
tragacanth are rendered insoluble by potassium 
bichromate and light (Eder. J. pr. 19, 299). 
Gum, even in small quantities, injected into 
the blood diminishes the elimination of urine, 
large doses completely stop the secretion, with 
a marked increase of blood pressure (Itichet a. 
Montard-Miirtin, G. P. 90, 88). 

Reactions.— 1. Heated with moderately strong 
nitric acid, arabic acid yields inucic (v. Kiliani, 

B. 15, 31), saccharic, oxalic, and tartaric (Liebig) 
acids ; with fuming nitric acid it yields substitu- 
tion products. — 2. Gum heated in sealed tubes 
with bromine yields a colourless or yellowish 
liquid, probably C,..IL„0,oBr,, wliicli, when treated 
with silver oxido, lead oxide, or caustic soda, 
is converted into isodiglycolotliylenic acid, 
C|2lL„(),.j (Barth a. Illasiwetz, A, Ch. Plmrm* 
122, 90). It is possible some of tho decomposi- 
tion products of arabic acid would yield the 
same results. 3. Gum arabic or arabin when 
heated to 150° with 2 parts acetic anJnjdride 
yields tctracetyl-diarabin (?) C,2H,„(C2H.,6),0,o; 
and, when heated to 180 ' with 0 to 8 parts of 
the anhydride, a body having the composition 

C, .H,5(C.J1,())^0 ,o; the.so acetyl derivatives are 

wiiile amorplious powders (Schutzen))erger a. 
Naudin, A. C/i, [4J 21, 235). These bodies are 
certainly not derived from arabic acid as a 
whole, but from some one of its decomposition 
products (C. O’S.).— 4. Pepsin, in dilute 1101 .solu- 
tion, acts on dextrorotatory gum acid, arabinose 
being amongst the products ; j)(incrcatin has no 
action (Fiuiakowski, B. 11, 1072). 5. (a) Gum 
arabic left for some time in contact with 
sulphuric acid is converted into dextrin (!) and, 
on boiling, yields a sugar probably identical with 
(7<7Zacfo.s/; (Berthclot, 6'. 0, 21, 219). (h) Strong 

sulphuric acid converts a strong solution of 
gum in a few hours into metagummic acid; but 
gum arabic freed from lime by oxalic acid is not 
transformed in the same way (FrZiiny). (c) Pul- 
verised gum ar.abic, triturated with strong sul- 
phuric acid, yiebbs sulpliogummic aeid and a 
peculiar gum resembling that produced from 
luicn by tlio action of sulphuric acid (llraeonnot) 
and not capable of fermenting with yeast (Gu6rin- 
Varry). (d) Arafuc acid, digested with dilute 
sulphurio acid, yields a crystal 1 (sable sugar, a 
non-crystal Usable one, and an acid the barium 
salt of which is insoluble in alcohol: gums from 
different sources yield these bodies in various 
proportions, some varieties yielding scarcely 
any of the crystal! isablo sugar (Schcibler, B. 
6, 612). • (c) A solution containing 30 grams 
arabic acid (pure), 100 o.c. water, and 2 grams 
sulphuric acid, yields, on digestion at 100° for 
15 minutes, at least two sugars and a new acid 
the Ba salt of which is insoluble in alcohol : the 
following ‘equations represent tho change : — 

I, + CHgHia.Dj, + CgHijOg 

Rr.ahi(! acid a-arabinosio acid o-arabinojio 


n. o„H,„o„+n,o= +c.h„o, 

S-»krablnosi« wid a- or ^-RTaWwww 

[II. C„n,„Ofl4-»-HjO»= 

y-ATHbinoHlo nol4 





Coniinaed digeation prodooei bhanges that 
.may be represented as follows;— 

III. IV. V. VI. VII. and VIII. 

C7T®'122^d4 “ 04 jHgg 03 Y + GOjHijO^ 

O-arabinosio ucM, jS^y-j-arabiiioso. 

On further digestion we get : 

IX. C4.H,Ar+ H,0 = C3,H3,032 + aH,A 

i-arabinosic a«lii i-arabinoso (?) 

X. C3iH5«^S2 + II3O = + CaH.|2^6 

K-iinibinodlo, add. 5-:iriihiiiose (?) 

XL + H,0 = C,3II,hO,3 + C,H,A 

A-arabiJiosio aoid 5-arabiuose (?) 

This last acid is very stable, resisting the 
action of a boiling 3 to 4 p.o. solution of sul- 
phuric acid for a considerable time (O’Sullivan, 
C. J. 4o, 41). o-arabinose is not yet fully de- 
scribed ; i3-.ariibinosc ' is Scheiblcr’s arabinose, 
7-arabiiiose is probably identical with galactose, 
and the remaining sugar or sugars are iinper- 
fectly described. These reactions convey some 
idea of the constitution of the gums of the 
arabin group, i.e. of those which are salts of a 
gum-acid with alkaline or alkaline-earthy bases, 
and enable us to understand some of the differ- 
ences observed in their properties. Those 
bodies vary considerably in optical activity; this 
is due {a) to the varying proportions of different 
closely related acids they contain. O’Sullivan 
found the acid of some samples of gum arahio 
to consist almost wholly of arabio acid, whilst 
others contained also a-arabinosio acid, [a]j = 
-30°, and an acid Wj = — with 

a 0,.H,uOa group more than arabio acid. (6) To 
tlie character and position of the CAio^s group 
in the acid from the C.A.j^O., body upwards. 
Kiliani {l.c.) shows that different varieties of 
gum yield, when oxidised with IINOa, proportions 
of mucic acid varying between 14-3 and 38*3 
p.c., thus indicating ,a difference in the number 
of galactose (7- arabinose) -yielding groups they 
contain (see also Scheibler). And (c) possibly to 
the structure of the 0.;;,H3sO.j2 group itself. The 
gums, too, vary much in the character of the 
solutions they yield (Gm. 15, 194) ; some give a 
thin syrupy solution, others a thick and jelly- 
like one ; tliis is duo to the varying proportion 
of the acid naturally converted into the meta 
modification — the gums wliich yield the thinnest 
solutions arc those which contain the greatest 
amount of ash. Gums from the same source 
k.avo not always the same optical activity; 
Mcheiblcr found the beet gum of one season + , 
and of another — ; Kiliani slates that East Indian 
gnm, and gnm arabio elect, are + , the samples 
of these gums examined by O'Sullivan were — ; 
the sample of Australian gum examined by the 
former was + , that by the latter, inactive. From 
this it would appear that the same plant does 
not produce the same gum in every season, but, 
on the whole, it is fairly certain that the acids 
of all the gums are constituted in the same way 
as arabic acid described above. 

Combinations.— The arabic salts of the alka- 
line earths are prepared by exactly neutralising 
moderately strong solutions of the pure acid 
with clear solutions of the earth ithe salt of 
which is required, precipitating with alcohol, 

* According to Kiliani (/?. 20, 339a, 1238) the formula 
of arabinose is 0,H„O, ; should this prove to bo so, the 
formula of arabio acid and of the arablnosio acid.^ must be 
ditninUbed by a OHaO group for every moleoule of 
eraUause-yfelding grotfp they oontala 


treating the pp. with strong alcohol until it 
admits of being ipowdered, collecting the powder 
on a filter, pressing, and drying over sulphuric 
acid. The Ba salt contains Cg.,H,4,.0,4Ba0 (6*0 
p.c. BaO) and the CaO salt, (2'28 

p.c. CaO). When th^syrupy solutions of tnese 
salts are allowed to dry spontaneously they 
yield glassy, transparent masses, like natural 
gums : the salts of tho arabinosio acids yield 
similar bodies. C. O’S. 

ABABITE CAi-^s which is probably 
CH2(0H).cH(0ri).cn(0n).cn(0ii).CH2(0H). 
Fenta-oxy~n-j)entane. [102°]. Obtained by 
reduction of arabinose with sodium-amalgam, 
keeping the solution carefully nsutralised. 
Small prisms or needles. V. sol. water and hot 
90 p.c. alcohol, v. si. sol. cold alcohol. Sweet taste. 
Does not reduce Fchling’s solution. Does not 
lose water at 100° (dill, from sorbite) (Kiliani, 

B. 20, 1233). 

ARABONIC ACID v. THTRA-oxv-VALnaic acid. 

ARACHIC ACID Mol. w. 312. [76-6°]. 

AracJiidic acid. 

Occurrence. — 1. In the oil from the ground 
nut Arachis hyjwgaa, from which it is obtained 
after saponification ((lossinann, A. 89, 1). — 2. In 
butter (Heintz, P. 90, 140).— 3. As glyceryl 
ether in the fruit of Nephelium lappaceum (Oude- 
mans, J. pr. 99, 407). 

Formation. — 1. By potash-fusion from bras- 
sidio acid (Goldschmiodt, J. 1877,728). — 2. From 
stearic acid by converting it into (he correspond- 
ing alcohol, and iodide C.jAsCAI- 

Tho latter gives octadecyl aceto-acetic ether 
when treated with sodio-aceto-acctio ether, and 
alcoholic KOII thence i)roducos araehio acid 
(Schweizer, Ar. Ph. [3j 22, 753). 

Properties. — Small shining plates; v. sol. 
boiling alcohol, and ether; insol. water, Gives 
a nitro-, [70°j, and an amido- [59°], arachic acid. 

Salts. — (Scheven a, Gossmann, ^4. 97, 257). 
AgA': prisms (from alcohol)— CuA'.^ : needles 
(from alcohol)— BaA'o: hardly soluble in alcohol. 
— SrA'.j- MgA'2 crystalline powder (from alco- 
hol).- KA': usually gelatinous. 

Methyl ether. [55°]. Scales (Caldwell, 
A. 101, 97) ; [53°] (Schweizer). 

Ethyl ether. [49'5°J. (29(5°) at 100 mm. 

Iso-a7nyl ether. [45"]. Seales. 

A rach ins. Prepared artificially by heating 
arachic acid with glycerin (Berthelot, A. Ch. [3] 
47, 355); they are insol. ether. Di-arachin 

C. jA(OH)(OC 2 oA!. 0).- melts at [75°]. 

Arachyl chloride C.,„AACI. [67% 
Unstable (Tassinari, B. 11, 2031). 

Arachamide AiAa^'^A* [00°]. Prisms 
grouped in stars ; insol. water, sol. hot alcohol 
(Gossmann a. Schevon, A. 97, 2()2). 

Acetic-arachic anhydride 
C2„n3.jO.O.Ac. [G0°]. From AcCl and potassium 
arachato. Scales (from ether) (T.). 

Valeric-arachic a^ihydride 
023A»0.0.C,A0 [C8°] (T.). 

ARALEIN. Tlio bark of Aralia spinosa oon- 
tains a tannin which gives a green colour with 
FejClg, and a glucoside called aralem. The latter 
is a neutral, light-yellow substance, sol. watMf 
and alcohol, insol. ether, benzene, and CHC1«. 
Gives no pp. with lead acetate, HgCls, or FtOL. 
Boiling dilate HCl converts it into white arali* 
retin, insol. water (Holden, Ph. [3] 11, 210). 



tfilandd (Maujean, /. Bonastre, 

: 10, 190). Baup ( /.pr. 56, 83) finds four crystal- 
line substances in it: Amyrin [174°];Breidin, 
S. *39at 20° j Brein [187°j; and Bryoidin 
[185°]. 

AKBUTIK C,^,«0, Jaq. [166°]. 

Occnmncfi.— Together with methyl-arbutin 
in the leaves of tlie red bearberry, Arctosta- 
phylos Uva Ursi (Kawalier, A, 82, 241 ; 84, 366), 
and in the leaves of a species of winter-green, 
Pyrola nmhcllata (Zwenger a. Himmelmann, 
A. 129, 203). 

Preparation,— The aqueous infusion of the 
leaves is ppd. by lead acetate, excess of lead re- 
moved by H.B, the filtrate evaporated and the 
arbutin extracted and crystallised by a mixture 
of ether (8 pts.) and alcohol (1 pt.). The pro- 
duct is a mixture of arbutin and methyl- 
arbutin, which can be separated by crystallisa- 
tion from water (H. SchitT, G. 11, 99 ; 13, 538; 
A. 221, 366 ; cf. Habermann, M. 4, 753). 

Properties.— Long glistening needles which 
melt at 1G5°, but, on second fusion, at 187° (H. 
Schiif, JJ. 11, 304; A. 206, 159). V. sol. alco- 
hol and boiling water, v. si. sol. ether. Its 
aqueous solution gives no pp. with load acetate 
or subacetate. Docs not reduce alkaline cupric 
solution. Dilute Fe.Cl^. gives a blue colour. 

lit acli(>us. — 1. Split up by eniulsin or by boil- 
ing dilute II SO, into liydroqiiinone and glucose 
(Strecker, A. 107, 229).- 2. li.SO, and MnO., 
form quinonc.— 3. Converted by Ag.O into water 
and di -arbutin, an extremely soluble syrup, 
whence arbutin can be recovtnx'd by reduction 
with Zn and II.SO, (SchilT, A. 154, 244).— 4. 
Chlorine passed into an aqueous solution forms 
di-, and tri-chloro-quinones (Strecker, A. 118, 
295). 

Acetyl derivative C,.H,,Ac-0,. Plates 
or needles (from alcohol), insol. water. 

Benzoyl derivative C,,dl, jBz^O ,. Crystal- 
line powder, si. sol. alcohol. 

Di-nitro~arhutin C,.^n,,,(NO.).0;. Golden 
needles (from water) ; insol. ether (Hlasiwetz, 
a. Habermann, A. 177,313). Gives an orange 
pp. with lead subacetate. Boiling dilute H.,S(), 
gives di-nitro-hydroquinone. Converted by Ac..O 
into C,,,H,,Ac,(NO,),0,. 

Methyl-arbutin i.e. 

C,H,0(OH) ,.O.CJI,.OMe. [169°] (Michael) ; [175°] 
(Schilf). Occurs in nature as.sociated with 
arbutin. I'Vnied synthetically by the action of 
acetochlorliydrose upon potas.sium liydroquinone 
metliyl ether, KO.C„H,.OMc (Michael, Am. 5, 
178; B. 14,2097). Also from crude arbutin by 
converting the free arbutin into methyl-arbutin 
(by Mel and KOH) or into benzyl-arbutin (II. 
Sehiff, O. 12, 464 ; A. 221, 366). 

Properlies.—Co\oux\o^s silky needles, with 
bitter taste. Contain aq and melt at 169° 
(Michael); contain .(aq and melt at 175° (ychilip 
Sol. w’atcr and alcohol, v. si. sol. ether. Gives 
no blue colour with FCjCl,,. 

Benzyl-arbutin C,„II,.,0; i.e. 
PhCH/).C,U,O.C,lI„0,aq. [161°]. S. *19 at 23°. 
From PhCl I Jlr, commercial arbutin (containing 
methyl-arbutin), and KOH in boiling alcohol. 
Exce.ss of KOH is removfwl by CO^, and after 
evaporating and adding water, benayl-arbutin 


in boiling water, 
very soluble in alcohol. Does not reduce 
Fehling’s solution, except after short boiling 
with H^SO, which splits it up into glucose and 
benzyl-hydroquinono. Gives on nitration yellow 
needles which are benzyl-nitro-arbutin, 
C„H2,(N0,)0„ [143°], split up by dilute H^SO, 
into glucose and benzyl-nitro-hydroquinone 
(Schifi a. Pellizzari, A. 221, 365). 

Isoamyl -arbutin. From the mixture of arbu- 
tin and methyl-arbutin by amyl bromide and 
NaOH (S. a. P.). Needles. On decomposition 
gives iso-amyl-hydroquinone and glucose. 

ABCHIL or Orseille is a purple dyo obtained 
from various lichens {Roccellat Lecanora, and 
Variolaria) containing acids {erythric, lecatwric, 
<Src.), which on decomposition yield orcin (q. v.) 
which is converted by air and ammonia into red 
orcein. When K.COg orNa^^COa as well as am- 
monia is added to the lichens litmus is produced. 

AEGININE C,H,.NA- Eafjily soluble in 
water; reacts alkaline. Occurs to the extent 
of about 3-4 p.c. in the young shoots of the 
lupine {lupinus lutciis). The shoots are ex- 
tracted wdth water ; tannin and lead ac('tate are 
added to the extract; the filtrate is acidified with 
HmSO^, again filtered, and ppd. with phospho- 
molybdic acid; the pp. is washed and treated 
with cold milk of lime, and the solution of the 
base finally neutralised with IINOj and evapo- 
rated to crystallisation. 

Halts.— B'HNO;, Aaq : slender white soluble 
needles; with phosphomolybdic acid it gives a 
white pp. soluble in hot water; with picric acid 
a yellow crystalline pp. is formed on standing. 
— iVIICl ; large crystals. — B'.^Cii(NO.,)o 3aq : 
formed by heating a solution of the nitrate with 
cupric liydrate; dark-blue ‘prisjus, si. sol. cold 
water (Scluilze a. Steiger, B. 19, 1177). 

AEGOL. Crude acid potassium tartrate de- 
2)osited from wdne. 

AEGYE.ESCIN C.,,n,,0,,. A glucosido in 
the cotyledons of the liorse-ohestuut. Minute 
tables (from dilute alcohol). Hj)lit up by dilute 
HGl into argynescetin C^,,H.,„0,j and glucose. 
Potash produces propionio acid and a'seinic acid 
((/. V.) (Itochleder, J. 2>r. 87, 1 ; 101, 415). 

AEIBINE C,,,IL„N,. S. 12*9 at 23°. Abase 
extracted by dilute H.SO^ from tlio bark of 
Arariha rnhra, the solution being treated with 
lead acetate and the base dissolved in ether, from 
which it separates as anhydrous ])yramids or 
(with 8aq) as four-sided prisms. V. sol. water 
and aleohol, m. sol. ether (Itieth a. Wrdiler, A. 

1 20, 217). S a 1 1 s . - B" 2HC1. —B"H,,rtCl,.— 
B"JI.,SO,.-B"21I..HO,. 

AEICINE C,,il,,N,0^. [188°]. S. (ether) 

6 at 18°. ‘ Chtsconincy'* Ginchovatine. Yellow 

Cusco bark contains *24 p.c. aricine and *37 p.c. 
cusconino. Occurs also in bark of cinchona 
cnpriea (Hesse, Ph. [3J 12, 517). Prisms (from 
dilute alcohol) ; insol. water, v. e. sol. chloro- 
form, m. sol. ether, v. si. sol. alcohol. Holutiona 
are not fluorescent. Licvorotatory in alcoholic 
or ethereal solutions ; its solution in dilute 
HCl is inactive. In a 1 p.c. elTliereal solution 
[o]d=- 94-8°; in a 1 p.c. alcoholic (97 p.c.) 
solution [a]„=*-54°. Aricine is turned dark 
green by eono. HNO3. Bleaching-powder and 
NH3 only ^ive a yellowish colour. 




Saitf. jraciriiMw — 

3H1. -Bmf0,.-B^S04: Blezd^needles; 
Id, sol. cold water.— B'HaS 04 ; smaU ^ms, ▼. 
1 sol. cold water.— B'H0Ac8aq: grains, v. sL 
ol. cold water.— B'H 20 a 04 2aq : white prisms, 
[uiokly ohan^g to rhombohedra, S. -049, si. 
oL hot aloohoh — B'HSOy. — Salicylate 
I'OyHgO, 2aq. 

i?«/ere»ces.— Pelletier, A, Ch, [2] 42, 330 ; 
1, 185; Pelletier a. Corriol, J, Ph. [2] 15, 575 ; 
leverkdhn, Bepert. f. Pliarm. 83, 357 ; Manzini, 

; Pk [3] 2, 96 ; Howard, Ph. [3] 5, 908 ; Hesse, 
:. 166, 259 ; 181, 58 ; 185, 321 ; 200, 303. 

ABNICIN C.oH 3„04 (?). An amorplious sub- 
iance present in the root, leaves, and blossoms 
: Arnica montana (Walz, N. Jahrb. Pkarm. 
1, 175; 14, 79; 15, 329). 

ABOMATIC SEBIES. Substances whose mole- 
joules contain a benzene nucleus are said to 
|i>elong to tlie aromatic series. 

I Elements attached to a carbon atom belong- 
;ing to the benzene nucleus are more firmly 
fixed than when attached to a carbon atom not 
•in that nucleus : in tlie former case the deriva- 
tive (called an eso derivative) has the character 
of a derivative of benzene, in the latter case the 
derivative (called an exo derivative) behaves like 
a fatty compound. Thus ero-chloro- toluene 
(benzyl chloride) OjjlljCIIaCl behaves like ethyl 
chloride, being readily converted into an alcohol, 
amine, or cyanide, by treatment with KOH, NH^, | 
or KCN, respectively ; while <?.so-ch loro-toluene, i 
CuH.,Cl.CIly, is not affected by these reagents. 

It must, however, be added that the ease with ! 
which a given atom or radicle in the molecule I 
of an aromatic compound may be displaced i 
depends not only upon its position in relation to 
the carbon atoms but also upon the existence 
ind position of other elements or radicles in the 
nolccule. Thus o- and y>-, but not w-, chloro- 
litro-benzene are converted by hot aqueous 
)otash into nitro-phenols, and by NJIy into 
litro-anilincs; while chloro-i^henolsand chloro- 
)enzcne sulphonic acids are converted into di- 
ixy -benzenes by potash-fusion. 

Halogens acting upon cold hydrocarbons in 
ho presence of carriers (such os I) enter the 
enzene nucleus, but when acting alone u])on 
ydrocarbons at 100” or upwards they enter a 
ide chain {exo position). Direct sunliglit has 
idle same effect as elevation of temperature, hvt 
its effect is entirely counteracted by the presence 
of iodine (Schramm, B. 18, 000). Halogens 
attack a benzene nucleus that already contains 
liydroxyl, amidogen, or SO.,H, with much greater 
vigour than wlien its carbon atoms are united 
only to hydrogen and carbon. 

Cone. HNOy and cone. II^SO^ attack aromatic 
compounds, NOy and SOjH displacing H in the 
nucleus ; they do not act upon fatty compounds 
in this way. 

The constitution of tho molecule of benzene, 
ind the methods by which the relative position 
)f elements or radicles in the molecules of its 
lerivatives have been determined wiTl bo dis- 
tussed in another article, v. Benzene. 

laws of Substitution.— 1. When one of the 
ollowing radicles has displaced one of the atoms 
if hydrogen in the benzene molecule, forming 
he compound CjHjA, any new group on enter- 


ing to A. Hete A 

may bo»0O2H, SOaH, or NO,, and probably also 
ON, CBtO, SOaPh, and OO.OH, (Hubner, B. 8, 
873; Ndlting, 9, 1797; c/. Armstrong, C.J» 
61, 269 ; Morley, 0. J. 61, 679). 

II. If in a substituted benzene, the 

substituting element or radicle be not one of the 
" ig, then any new group on entering will 
take up an ortho or a para position ; usually 
chiefly p with a little o. Examples of B are 
NH^, NIIAc, OH, Cl, Br, I, CH, and all chaina 
of carbon atoms except such as begin with CO. 

These Inwo fnll f^hief product of the 
Bubstituti;. of isomevides at 

variance wii:. > be formed. 

The radicle.-^ > inuia substitution 

are all composed of an element (N, C, or S) 
united to a chlorous group ; CCl, is also a radicle 
of this kind, and it gives a 7>i-nitro-derivative, 
but it also gives ap-chloro-derivative. 

The radicles that induce p or o substitu- 
tion are cither single elements, or elements 
united to basylous elements or groups. The 
radicles CH.^Cl and CHCl.^ are intermediate in 
character; the latter appearinj; to resemble 
CCIj, the former resembling Clf^. Armstrong 
points out that the radicles producing m deriva- 
tives are unsaturated, and miglit form additive 
compounds before substitution takes place. 

Amido compounds in presence of excess of 
ILSO,, (20 pts.) when treated with the calculated 
quantity of UNO., dissolved in TLSO„ added at 
0”, give chiefly meta-nitro dorivafives, some of 
the p-nitro derivative being also formed. Ex- 
aniplcs: aniline, acetanilide, toluidine, xylidine, 
2)-bromo-anilino (Nolting a. Collin, B. 17, 261), 
di-mcthyl-aniline, di-ethyl-aniline (Oroll, JS. 19, 
198), ethyl-aniline (Nolting a. Stvreker, JB. 19, 
546). The amount of meta-nitro derivative 
formed is increased by increasing the (juantity 
of sulphuric acid present. In all these cases 
: nitrogen is attached to a chlorous radicle, aniline 
I sulphate being CJl>^(O.SO..,li)ir3, and might 
therefore be expected to proiluce a nieta deri- 
vative. It is, however, curious that a solution of 
aniline sulphate in a small quantity of sulphuric 
acid gives very little w-nitraniline on nitration. 

When a new element or radicle enters a 
benzene nucleus in whicli more tlian one H is 
' already displaced if it can satisfy the require- 
ments of each of the substituents already nre.sent 
it will do so ; if not it obeys the most powerful 
substituent prerent. The following jqipears tO' 
be tlic order of priority, beginning with the 
strongest : 

HO; NIL; halogens; GHj; other alkyls; NO.^;. 
CO.JI and SO.,H. T.ie conversion of p-nitro- 
phenol into C.,H.,(OH)lh (NO.,) [1:2: 4], and that of 
o-nitro-xfiienol into CJI.,(OH)B) (NO,J [1:5:2], by 
the action of Br are instances where both NO.^ 
j and OH are obeyed ; but in the action of Br upon 
I p-bromo-phcnol and of HNO3 upon C, ,11,(011)012 
! [1:2:4] the new substituent obeys the stronger 
radicle, producing CJI. 3 (On)Br., [1:2;4:6] and 
CaHo(OH)Cl2(NO.j) [1:2;4:6] respectively. 

When a hydrocarbon radicle is introduced 
bv the agency of AlCl, it does not always follow 
the foregoing rule ; thus 7n-xyleiic is the chief 
I product of the action of MeCl upon benzene i» 
presence of AlCIj. 






Differmcet Ukoun o, and p cam^potmdi. 
Ortho, meta, and para compounds usutdly boil 
at about the same temperature, but the para 
■compounds have the highest melting-points. 

^ The ortho compounds are usually the most, and 
'the para compounds the least, volatile with 
flteam. In the oxidation of ortho compounds 
the benzene ring is liable to bo broken up, while 
in the nieta and para compounds this is not the 
case {i\ Hydkocarbons). Ortho compounds 
readil}' give rise to products of condensation in 
which the side chains may be supposed to be 
joined in the form of a ring ; this tendency is 
•observed to some extent in the para series but 
not at all in tlie meta series. Thus by loss of 
HjjO o-amido-phenyl-glyoxylic acid gives isatin; 
c-amido-cinramic acid gives carbostyril, o-oxy- 
oinnamic acid gives coumarin; 2 )hthalio acid 
gives phthalic anhydride. 

o-nitraniline hydrochloride is readily decom- 
posed by water, ^^-nitraniline hydrochloride less 
so, and ?a-nitraniline hydrochloride is hardly 
decomposed by water (Lellmann, B. 17, 2719). 
In general, the introduction of a radicle into the 
m-position produces less change in the pro- 
perties of a compound than the introduction of j 
the same radicle into the o and p position, and 
of the resulting derivatives the meta are the i 
most stable. Tlius in-xylene is oxidised with 
difficulty, while dilute IINOa readily converts o-, 
and xylene into toluio acids. Ortho-, and 
ara-, oxybenzoic acids are converted into phenol 
y heating with aqueous HCl in sealed tubes, 
while w-oxybenzoic acid, like benzoic acid itself, 
is unaffected. Ammonia converts o- and jp- nitro- 
anisols into nitranilines, but does not affect in- 
nitro-anisol or anisol itself ; similarly ammonia 
converts o-, and p-, bromo-nitro-benzenes into 
nitranilines, but does not affect m-bromo-nitro- 
henzeneor bromo-benzene itself. Boiling alkalis 
convert o-, and p-, nitraniline into nitrophenols, 
but do not affect ?7i-nitraniline or aniline. Aniline 
and w-nitranilinc resemble one another in 
readily uniting with phenyl thio-carbimide (form- 
ing diphenyl-thio-urea and nitro-di-phenyl-thio- 
urea respectively), while p-, and o-, nitraniline 
require to be heated for some time with phenyl 
thio-carbiinide before they will combine. Ben- 
aoic acid and 7?i-oxy-benzoic acid are readily 
reduced by sodium-amalgam to benzyl alcohol 
and 77i-oxy-benzyl alcohol respectively, while o-, 
andp-, oxybenzoic acids are not attacked. Ortho- 
and para-nitro-acetanilide dissolve in cone. | 
potash ; tht former is readily saimnified by the I 
potash, giving potassium acetate and o-nitro- | 
Aniline; a similar decomposition occurs with the 
latter, but wdth greater difficulty. Meta-nitro- 
Acetanilide is insoluble in cone, potash, and is 
scarcely affected by it (Kleemann, B. 19, 336). 
The substitution of an atom of hydrogen in the 
nucleus by an atom of bromine is accompanied 
by absorption of heat ; in an actual experinient 
this is not observed, being more than counter- 
balanced by the beat developed in the simul- 
taneous formation of HBr (Werner, BL 46, 
282). 

Occasional reactions- 

1. Acetyl bromide not only displaces H by Ac 
but sometimes even turns out an alkyl ; thus it 
4MnvortB di-mothyl-anillne and di-ewyl-oniline 


into inethyl ooetanSlide, and ethyl-aoetanilida 
respectively (Stoedel, B. 19, 1947).— 2. Brnsoyl 
chloride sometimes behaves in tne same way, 
converting di-methyl-aniline and di-ethyl-ani- 
line into methyl-benzanilide and ethyl-benzani- 
lide respectively. — 8 . Nitric acid in nitration 
sometimes turns out acetyl, converting ethyl 
acetanilide into C„H 3 (NO.j 2 NEtH [1:3:4], and 
behaving similarly towards methyl acetanilide 
(Norton, B. 18, 1997). Nitric acid sometimes 
turns out bromine ; thus it converts p-bromo- 
anilino into tri-nitro -aniline (picramide) (Hager, 
B. 18, 2578).— 4. Potash converts di-nitro-di- 
methyl-aniline, CeHs(N02)2NMo., [4:2:1] into di- 
nitro-phenol, di-methyl-amine being given off. 

Molecular changes. 

At high temperatures o-compounds may 
change to p-, and both o- and p- to m-. At 100® 
o-phenol-sulphonio acid changes to p-phenol- 
sulphonic acid. At 220° potassium salicylate 
changes to p-oxybenzoatc, while sodium sali- 
cylate is not affected at that temperature. Eesor- 
cin is obtained by potash-fusion from benzene 
p-disulphonic acid, p-chloro-benzene sulphonio 
acid, and o- and p-bromo-phenol. 

Methyl can pass from combination with 
nitrogen into the nucleus ; thus dimethylanilino 
methylo-iodido at 220° gives o- and p- dimethyl 
toluidine, methyl-xylidine, and di-methyl -xyli- 
dine ; while at 335° it gives i/'-cumidine, 
CuH^MeaNHo (Hofmann, Pr. 21, 47). 

Ethyl aniline hydrochloride at 320° changes 
similarly to ethyl-phonyl-amine, OJI^EtNHj, 
while isoamyl-aniline hydrochloride become *3 
isoamyl -phenyl-amino, C,iH,(C,,H,,)NH 2 (Hof- 
' mann, P. 7, 626). In those cases it may bo 
supposed that Mel, MeCl, EtCl, and C.,II,,C1 re- 
; spoctively are split off and then attack tho nu- 
• cleus ; this action of MeCl is scon in tho conver- 
sion of xylidinc hydrochloride into v)<.cumidine by 
heating with methyl alcohol at 280° (Hofmann, 
B. 13, 1730). 

Conversion of fatty compounds into aromatic, 

1. By passing acetylene {q. v.) through a red 
hot tube. — 2. By heating acetone or allylene 
i with sulphuric acid mositylene is formed.— 3. 

I Uvitic acid, CJI.,Me{CO.H)o [1:3:5] is formed by 
I boiling pyruvic acid with baryta.— 4. O.xy-uvitic 
i ether is formed by the action of chloroform on 
sodium aceto-acetic ether. — 5. Succinylo-succinio 
ether from succinyl chloride, sodium, and 
succinic ether is di-oxy-di-hydro-terephthalio 
ether ; when heated with KOH it gives hydro- 
quinone. Hydroquinono is also formed when 
succinates are subjected to dry distillation.— 6. 
Phloroglucin tri-carboxylio ether is formed by 
the action of sodium or of ZnEtj on malonio 
ether (Baeyer, B. 18, 3457 ; Lang, B. 19, 2937). 
7. Tri-mesic ether is formed by the action 
of sodium on a mixture of formic and aoetio 
ether (Piutti, B. 20, 537). — 8. Ilexyl iodide and 
bromine at 200° gives hexa-bromo-bonzene 
(Krafft, B. 9, 1086 ; 10, 801).-9. K and CO 
combine, 'terming CJOK), (Nietzki a. Benckiser, 
B. 18, 1833). 

Conversion of aromatic compounds into fatty, 

1. Carbonic, oxalic, and formic aroids are pro* 
ducts of oxidation of aromatic oompoun^.-— 
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% Benzene is oon?erted by KOIO, and HOI into 
OtHsOlsOai which is converted by baryta into 
tumario acid.--»3* Nitrous acid converts pyrooa- 
teohin in ethereal solution into dioxytartaric 
acid.— 4. HCl and KCIO, convert gallic acid into 
fcri-chloro-glycerio acid. —5. Chlorine passed into 
a cold aqueous solution of phloroglucin gives 
diohloro-aoctio acid (Hlasiwctz a. Habormann, 
A. 165, 132). 

Aromatic acids. Tlie principal aromatic acids 
aro those containing SOyH and those containing 
COjH. The former will bo discussed as Sdl- 
piioNlc ACIDS, the latter will be briefly character- 
ised here (y. also Acids, amido-, buomo-, chlobo-, 
IODO-, and NiTRO-acids). 

Foniuition.— X. By oxidation of homologues 
of benzene or derivatives of such homologues. 
K-^Cr^Oj (2 pts.), H.SO., (3 pts.), and watcv (3 to 
5 pts.), is a convenient mixture for the purpose ; 
but it converts all side chains into carboxyls, 
ihus fn- and p- xylene become iso-, and tcrc-, 
phtlialic acids, while mesitylcne becomes trime- 
dc acid. Dilute UNO;, (S.G. 1‘2) and aqueous 
KMnO, oxidise more gradually, attacking one 
ddo chain at a time, thus converting o- and p>- 
lylene into o- and p- toluic acid and mesityleno 
nto mesitylenic acid.— 2. Bypassing CO... over 
k mixture of a brorao-derivative and sodium: 
D,H,Br + COj + Na, = C,H,CO,Na + NaBr(Kekul6, 
1. i37, 178).— 3. By heating a bromo-doriva- 
ive with chlorofovinic ether and sodium, thus: 
C^H^Br + ClCO,,Et + Na., = C,II,CO.,Et -i- NaCI + 
■iaBr (Wurtz, A. Suppl. 7, i25).— 4. By the 
ction of C0C4 or CO.; on aroiuatio hydrocarbons 
n presence of AlCl, (Fricdel a. Crafts, y. Alu- 
[iNiuji CHLORIDE, p. 147) the product being 
reated with water. The amide.s may be pro- 
ucod in a similar ^way by irsing Cl.CO.NH.; 
istead of COCl.; (CTarteruiann a. Schmidt, B. 20, 
58).— 5.By heating sulphonates with sodium for- 
latfi : PhSO;,K + HCO.-Na = Ph.CO.;Na + HSO,K 
V. Moyer, A. 166, 273).-— 6. By saponification of 
itriles. Tlie nitriles may bo obtained either by 
eating sulphonates or c.ro-chloro derivatives 
ith potassium cyanide or by heating thio-car- 
imides with copper (Weith, 13. 0, 212). Nitriles 
lay also be obtained by distilling the formyl 
3rivativcs of amines witli zinc-dust, c.a. : 
hNH,CH0 = H.;0 + PhCN. — 7. By oxidation of 
cohols or aldehydes. — 8. Aromatic acids con- 
ining carboxyl in the side chain can bo pro- 
ired by synthesis with aid of accto-acetic etlior 
.V.) or of malonic ether (ff. y.). — 9. Oxy-acids 
are formed by boiling diazo-acids with water, or 
by potash-fusion from chloro-, brorno-, iodo-, or 
Bulpho-, acids.— 10. By passing CO^ into sodium 
phenols at 180'^ or potassium phenol; in the 
former case COJi takes up a position ortho to 
the hydroxyl. Potassium phenol at 140'^ gives 
liftlioylio acid, but at 170“-200° it gives p-oxy-ben- 
j^ic acid. The reaction takes iilace in two stages: 

I C JI,.O.Na + CO.; = C,H,.O.CO..Na ; 

" C,H,.O.CO;Na = C,H,(6H).CO;Na 

OXY-BENZOIC acids).— 11. By heat&g phenols 
vith dilute alcoholic solution of CCl, and 
^aOH at 100°: C^H^OH + CCl, -f- GNaOH = 
yi,(0Na)C0;Na + 4NaCl+.4H;0 (Tiemaim a. 
leimer, B. 9, 1286). The carboxyl takes up 
kositions para and ortho to the hydroxyl. — 


1% Perkin’s synthesis of i^namio acid and ite 
hemologues is desoribed and discussed in the 
article on Aldehydes.— IS. Besorcin and ite 
homologues are converted into (1, 3, 4) and 
1 , 3, 2) di-oxy-benzoio acids and their homo- 
logucs by heating with ammonium carbonate 
and water; while hydroquinone and its homo- 
logiies heated with potassium bicarbonate, water, 
and a little KaSO., give (1, 4, 2) di-oxy-benzoio 
acid and its homologues (Senhofer, Sitz, B. 80, 
604 ; 81, 430, 1044 ; M. 2, 448). 

Reactions.— 1. The aromatic acids are sub- 
ject to the general laws governing substitution 
in the benzene nucleus.-— 2. They aro usually 
si. sol. water but v. sol. alcoliol and ether. The 
homologues of benzoic, and of salicylic, acid 
are volatile with steam, m-, and p-, oxy-benzoio 
acids are not volatile with steam. Salicylic acid 
and its homologues are soluble in chloroform, 
p-oxy-benzoic acid and its homologues are not. 
Ortho-oxy-acids are also characterised by giving 
a violet colouration with Fe.;Clrt. — 3. Ortho-oxy- 
acids of the form CuH,( 0 H).CIl 2 .C 02 H or 
C,;H.(OH).Cn;.CII,..CO.;H huvo a tendency to 
produce anliydridcs or lactones ; ortho-amido 
acids of the form C«H,(NH;).CH;.CO.;H or 
C,H,(NH.;}.CH.;.CH...CO;Ii readily form anhy- 

dridcs, similarly called lactams : 

or lactims : 4. Benzene is 

produced by fusion with NaOH from benzoic acid 
(75 p.c.), trimellitic acid, hydrocinnamic acid,and 
cinnamic acid (60 p.c.) ; a little diphenyl is also 
formed. Fusion with NaOII convfiils o-, and p-, 
oxy-bcnzoic acids into phenol (50 to 60 p.o.) ; 
protccatochuic acid into resorcin (50 to 60 p.c.); 
(1,3, 5) -di -oxy-bcnzoic acid into resorcin (60 p.c.), 
phlorctic acid and p-couniaric acid into p-oxy- 
benzoic acid and finally into phenol ; oxy-tere- 
phthalio acid into salicylic and 2 >'Oxy-benzoio 
acids, and finally into phenol (Barth a. Schreder, 
B. 12, 1255). 

Aromatic bases. The preparation and pro- 
perties of the aromatic bases have been dis- 
cussed in the article on Amine.s. They may be 
divided into two classes according as the 
nitrogen is attached to carbon in a benzene 
nucleus or in a side chain ; bases of the latter 
form resemble fatty am ine.s. Ajnines containing 
amidogen attached to the benzene nucleus are 
weakened in basic power by introduction of 
nitroxyl or halogens into llio nucleus, more 
especially if these radicles do if)t occupy a 
position meta to the amidogen. Trioliloraniline, 
dinitranilinc, and trinitraniline do not combine 
with acids; the b'';.cr is even saponified by 
potash with formation of trinitrophenol. 

ARSENATES, Salts of arsenic acid, v. 
Arsenic, Acids of, p. 305. 

ARSENIC. As {Arsenicum, Regulus arsenide 
hpyTfViKov. By the term (raydapd'cii Aristotle seems 
to mean a compound of arsenic and sulphur, 
called a(X^(viK6v by Theophrastus). At. w. 74'9. 
Mol. w. 209-6; 149-8 at c. 1700° (Biltz a. Meyer, 
B. 22, 725). Melts only under great pressure 
(Landolt; also Mallet, 0. N. 26, 97). S.G. 
6-23 to 6*76 : pure, crystalline 6-726~5-723 ; 
grey, pearly crystals ^ 4-71 (Bettendorff, i. 
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144, U0)j Amorphoua jj* 4‘71(M*716 (ihid, 
lx.) \ fused 5*709 (Mallet, C. 26, 97). 
V.D. 147*2 at 8G0° (Deville a. Troost, C. R. 
66,871); 153*7 at 040-070° (Mitsclierlich, A. 
12, lOii). S.H. crystallised, *083; black, 
ainorplious, *0758 (llcttendorll a. ^^blliici , . 

133 203). C.E. (linear at 40°) -OOOOOooO 
(Fizeaux, C. i*. 08,11*25). K.C. (HgatO° = l) 
2*079 at 0", 1-873 at 100° (Matthiossen a. Bose, 

T. 152, 1). S.V.8. cryst. 13*1 ; amorph. 15*9. 

''i^^xat. \vt. 15*4 (Gladstone, Pr. 18, 49). 
a 

Chief lines in emission spectrum, v. Huntington, 

P. A'lu. .4. [2] 9, 34; Hartley a. Adcney, T 
1884.121. 

OccxirrciKC .. — Found native, but more fre- 
quently associated with other metals and 
sulphur, in widely distributed ores. Obtained 
as a principal product chiclly ixovtixuitlvc atscnic. 
arsmical iron FeAs.j and Fe^As,, and arsenical 
pijiitcs FcAsFeS. ; obtained as a secondary 
product from siiialtinCy cohall glance^ arsenical 
cobalt, nickel nlanct?,mmy fahl-ores,iU. Occurs j 
also in ferruginous deposits of certain mineral ! 
waters (Will, .4. 01, 192) ; in nearly all iron ores . 
(Walchner, A. 01, 205); in soils, from the 
weathering of iron pyrites (Sonnenschem, 
Ar. Ph. f'ij 143, 215); in the residue obtained 
by cvapora'ting sea water (Daubree, Axin. M. [4] , 
19 009) ; fre(juently found in metallic bismuth ; 
(Schneiilcr, J. V- [2] 20, 418) ; in various kinds : 
of pyrites, and hence in most samples of com- . 
mcrcial sulphuric acid, and in many substances ; 
in the mannfucture of which tins acid is used : 
{V. H. A. Smith, P. M. [4] 41, 370). ^ ! 

Preparalion— On the large scab by heating , 
to redness, out of contact with air, arsenical , 
iron or arsenical pyrites ; arsenic sublimes; iron, ' 
or ferrous sulphide, remains. Prepared in small 
quantities at a time by heating A s^O,, with pow- 
dered charcoal, or with ‘black liux,’ in crucibles 
covered with conical iron caps. Also by heating 
As S with charcoal, an alkaline carbonate, j 
and ^KCN. Puritied by resublimation after | 
raiximi with powdered charcoal ; or by heating 
with a little I (Ludwig, Ar. Ph. [2] 07. 23) ; or 
bv boiling with moderately cone. KXrO^ Aq 
acidified with H,m;.), (Bottger, J.pr. [2] 2. 131) 
Arsenic was first prepared from avsenioiis acid 
in 1694 bv Schroder ; its chemical nature was | 
further investigated by Brand (1733), Macquor , 
(1740), Manjet (1773), and others. Schecle dis- | 
covered arsenic acid and arsenuretted hydiogen 
in 1775. 

Properties.- Very brittle, steel grey, lustrous ; 
crystallises by sublimation in hexagonal ihom- 
bohedra isoniorphous with Sb and Te; 
« ■ c = 1:1*4025.11 - 3*5. When As is sublimed 
in a rapid H stream in a glass tube the subl'inato 
nearest the heated part of the tube consists 
chiefly of rhombohedia, that farther from the 
hottest part but still on a warm portion of the 
tube (210°-220“) of black amorphous As, while 
the coolest part of the tube is filled with yellow 
fumes which condense to grey crystals 
,(BettendorlY, A. 141, 110). Black amorphous As 
is also obtained by condensing As vapour at a 
fairly high temperature ; by decomposing As 
icompounds by heating in glass tubes to 


moderately high temperatures {e.g. AsH,), or by 
heating with reducing agents {e.g. As^O^ with C) ; 
or by reduction of As compounds in the wet 
way (Engel, C. R, 90, 497). As can be obtained 
in regular octahedra by heating a mixture of^ 
much H with a little AsHa (Cooke, Am. S. [2] 
31, 91). Amorphous As is changed to crystal- 
line by heating for some time at 310° (Engel, 
G. R. 90, 1314) ; by heating to 358°-300° 
(Bettendorf!, A. 144, 110). Amorphous As when 
subjected to a pressure of 0500 atmospheres 
acquires metallic lustre and its S.G. increases 
(Spring, B. 10, 320). The vapour of As is citron- 
yellow (Le lloux, C. B. 51, 171). The spectrum 
of As shows linos in the orange (0109*5), yellow, 
and green (5331) (Thalcn, A. Ch. [1] 18, 244); 
also many more refrangible linos {v. Hartley, ir. 
1884. 124). As combines with Cl and 0 with 
production of heat; ’ 

rAs% 0^] = 154,070 ; f As'^ O Aq] = 147,120 ; 
[AsS 0^] = 219,380; [As-, 0», Aq] = 225,380 

(Thomsen). As volatilises at a dark red heat 
without previous fusion at ordinary pressures. 
The molecule of As is tctriitomic (As,) ; the atom 
is trivalent in gaseous molecules (AsH,„ AsCl,, 
Ac.). The atomic weight has been di.termined 
(1) by analysing, and determining V.D. of, 
various gaseous compounds, AslI.,, AsClg, Aslj, 
As,0„ Ac.; (2) by determining S.H. of As ; 
(3) by comparing isomorphoiis compounds of 
As Sb, and Bi, arsenates with phosphates and 
vanadates, Ac. (Wallace, P. M. [4J 18, 279; 
Dumas, A. Ch. [3J 55, 174; Kessler, P. 95, 

As is insoluble in alcohol and other, but is 
said to be dissolved by certain oils. It oxidises 
fairly rapidly in air at ordinary temperatures ; 
heated in air, it burns to As,0„ with a bluish 
flame ; is oxidised by nitric and sulphuric acids, 
and by fusion with alkalis. As forms two series 
of compounds, of which As^Og and As.^O^ are 
rcTircsentatives. 

In many of its physical properties^ As 
is metallic, but in its chemical relations it is 
decidedly non-mctallic or negative. Exhibits 
allotropy; oxides arc acid-forming (v. Ahhenic, 
oxiDKS OF ; also Arsenic, acids oe) ; at the same 
time As.Og appears to react with SO3 to form a 
salt, and with KH.CJI.O, to form a compound 
analogous with tartar emetic, and with cone. 
HClAq to form AsCh {v. Ar^inious oxide, under 
A’rsenic, oxides of). Arseiiious acid is unknown, 
and an aqueous solution of the oxide behaves 
towards alkalis as a very feeble salt-forming 
compound ; but arsenic acid is as strong an acid 
as phosphoric, their relative aflhiities are nearly 
equal (u. Affinity, p. 07). The haloid compounds 
of As do not show any marked tendencies to form 
double salts. The hydride AsH,, does not com- 
bine with acids, as NH^ and FH., do ; but at the 
same time compounds belonging to the form 
AsR.X, where 11 is an alcoholic radicle C„H2„+„ 
and X is a halogen or even OH, are kno^ 
(v Arsenic comi’ounds, ouoanio). For a fuller 
discussion, of the chemical relations of arsenic 
V. arts. Bismuth, ciiKMioAii relations of; and 
Nitrogen group or elements. 

Beactions.--l. Hydrochloric acid^ no action 
in absence of air ; in presence of air a little AsCl, 
is formed.- 2. Nitric acid and aqua regva re^t 
with production of much heat ; oxides of N| 
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and R(,AsO„ are formed.— 3. Hoi. oono. 
tulvmric acid evolves SO, and forma AsiOd.— 
4. Molten potash or soda produces an arsenite and 
”H. — 6. Molten nitre or potassium chlorate pro- 
duces potassium arsenate ; the action is more or 
less explosive— G. Solution of sulphur dioxide 
reacts, when heated with As in a closed tuho to 
200°, to produce As,0,„ S, and II..SO,A<|, but no 
sulphide of As (Gcittrier, J. 18G1. l liJ). — 7. Am- 
moyiia solution is without action on As. 

Combinations. — 1 . Witli nascent hydrot/en 
AsIIj and AsH are formed (q. v.). — 2. With 
chlorine, bromine, or iodine, AsCl.,, AsBr.,, or 
Asl, {q. V.) is produced. — 3. With Jluorine (action 
of Hh' on A 3 , 0 „) AsByis formed — '1. Witli 
oxygen As combines to form A^^O^{q.v .) ; As.O- 
(q.v.) is produced by heating one of its hy- 
drates.— 5. The sulpJiides As.S. and As„S;, and 
As.jSft {q. V.) are produced by lu'ating together 
arsenic and sulphur ; the sulphide As 2 H;,is, how- 
ever, best obtained by decomposing solutions of 
alkaline siilpharsenatcs by acid. - 0. Tellurium 
combines witli arsenic to form As .Te.j and As.Tc;,, 
when the two elements are meltefl together in 
the reephred proportions (Opponheim, J.pr. 71, 
..,266). — 7. When arsenic is melted with sulphur 
^ and selenion in the proportions represented by 
the formuliu As.^SeS.j and As„ 8 He. 2 , two bodies 
having the compositions indicated are obtained. 
The hrst is a lustrous red seini-transjiarent 
mass from which the whole of the So separates 
out after some days. Tliis body is easily soluble I 
(when powdered) in NHjllSAq. The body As.SSe^, ! 
is a or^^stalliiie opacpie solid which may be dis- j 
tilled unchanged; it is less casiJv soluble in I 
NII,HSA(ithanAs2SGS.,(v.(jerichten,7^. 7,2;!)— | 
8. Arsenic ajipoars to bo iiica])able of combining j 
ivjthp/w,sp//<>r«5 directly [older experiments by j 
Landgrcho {8. 60, li^l) probably yielded only a ! 
mixture of P and AsJ ; hut if AslI, is led into ; 
PCla, or PTIg into AsCl.), a red-hrown solid is ob- 
tained (after drying it appears as a darker powder 
without lustre) which is insoluble in alcohol, 
sther, and CJICI.,, but fairly soluble in CS.. This 
solid is PAs ; it is changed by water into P.A.s^O.^ 
ivith which chlorine reacts to produce AsCl^ ami 
POCl.,. The compound PAs is rapidly oxi<lised 
)y concentrated HNOa, rapidly by dilute 
iNO;,, giving II,, AsO, andH,,r(),; solutions of 
vOTT, N 11, OH, or Ba(OH). 2 , easily decompose PAs 
rapidly when warm) producing PH,, Asli.„ 
IjPO,, II., AsO,, and As. Heated in air PAs burns 
0 As.^O, and P.^O, ; heated in absence of air, or 
ri COo, phosphorus sublimes and then arsenic, 
'he reactions of IVVs./X are very similar to 
hose of PAs(i'. Janowsky, B. 6, 216 ; 8, 1636). — 

. Arsenic forms alloys with many metals. Some 
{ these arc produced by very strongly comi»res8- 
mg the constituents (Spring, B. 16, 321). Tlieso 
pdloys are generally brittle, they are only par- 
|ally, in many cases not at all, sepamted into 
peir constituents by tlio action of heat out of 
Imtact with air; they are generally oxidised to 
j^senates, and oxides of the metals, by fusion 
vitli nitre ; fused with alkaline carbonates and 
lulphur, thio-arseni te or thio-arseiiate oi tho alkali 
netal is generally produced, and the metals for- 
nerly alloyed with tlie arsenic are completely 
eparated as sulphides. Arsenides of heavy 
netals are scarcely if at all attacked by nitric 
oid or aqua regia. Many alloys of arsenic are 


dd6nite compounds; several of them occur 
native as minerals (v. Winkler, /.pr. 91, 193; 
S6narmont, A. Ch. 80, 221 ; Bammelsberg, P. 
128, 441). The alloys with cobalt, which are 
brittle and iron-grey in colour, are formed, with 
production of heat, by melting tho elements 
together. CoAs occurs native as Smaltine ; it 
always contains more or io.ss iron and nickel re- 
placing part of the arsenic. Co..As„ generally 
containing more or le.-^.s iron, also occurs native 
as Skuttcrudite, or M’odumile. Arsenic alloys 
with copper to form white solids which tarnish 
in the air. According to Lippert {J.pr. 81, 168) 
the grey deposit obtained by heating cojiper in 
an ilCl solution of arscmioiis uxiiJe is Cu ^As.^ ; 
when this body is heated in hydrogen Cu.^As re- 
mains. Tho compounds Cu.,As, Cu,,As, and 
Cu,,As, occur native as Domeykile, Algodonite, 
ami Darwinite, respectively. TJio alloys of 
arsenic and iron are brittle solids formed by 
i melting tho elements together; PoAs^ and Pc, As, 
occur native as Arsenical iron, sometimes con- 
taining Ag, Au, and Ou. Arsenic alloys with 
lead to form brittle solids. With nickel, arsenic 
! alloys easily; Ni.^As is obtained by melting the 
elements together. Tlie minerals Copper-nickel 
NiAs, and Ckkinlhite NiAs., occur native; they 
contain varying quantities of Sb, Pe, Pb, Co, and 
Cu. A lustrous crystalline alloy Ni^As.^ is ob- 
tained by reducing arsenate of nickel by char- 
coal at a high temporaturo ; Ni.,As is said to be 
formed w'hen IvCN, As, and Ni() are fused toge- 
ther { Descamps, O. Tl. 86 , lOGo). Arsenic also 
alloys, with production of muoli Jieat, with 
]H)titssium and sodium ; thii j)ro(lucts are de- 
coiiipo.sed by water with formation of KOH (or 
Na()n)Aq, AsH,, and As. Au alloy of 1' parts 
tin and 1 part arsenic forms large leaf-like 
crystals. Arsenic is not mucli used in technical 
cJieinistry; tho alloy with lead is employed in 
making shot. Arsenic appciirs to form alloys 
! with several other metals, especia,lly Tig (?) Pd 
[ and Pt. By strongly com)>rossing (GaOO atmos.) 
As with various metals, Spring {B. il>, 326) ob- 
tained several well-delined alloys, e.g. ZhsAs^,, 
CU 3 A.S. 2 , Ac. Ac. 

! Deled ion. —In dry way. Arsenic heated 

: with slight access of air volatilises with a garlic- 
like odour (probably duo to a little As,0^) and 
' condenses on cooling as a lustrou.s black dcpo.sit, 

! which is easily converted into a white crystalline 
' suhlimato (As,(),j by heating in pit sence of 
plenty of air. Bulphides or oxides of arsenic, 
i and the sails t)f arsenious and arsenic acid, yield 
sublimates of black amoijdious arsenic when 
heated with an alkaline carbonate alone or 
mixed with charcoal nr KCM (r. Ph esenius, A. 49, 
.801 ; Bose, P. 90, 103). Oxide of arsenic heated 
■ with much NaC-^HaO., in a tube closed at one end 
' yields cacodyl oxide, recognised by its foul smell. 
In w'et way. J. Arsenious compounds* 
(i.) Sulphuretted hydrogen passed into asolution 
of As,0„, or an ar.senito, aeiditled with HCl, 
forms a bright yellow pp. of As, S 3 , soluble in 
NH.OH, NIl.SH, and (xNHJ.rO^, 'solutions, and 
reprecipitated by HCl. As.S., is said to be 
soluble in a considerable quantity of boiling 
water and in boiling dilute IIGl ((idling, Guy's 
Hasp. Rep. [3] 1, 239). (ii.) Neutral solution 
of silver nitrate produces a canary -yellow pp. of 
AgjAsO, easily soluble in most acids and in 
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ammoi^a. (iii.) aoluUon of 9^ 

phate precipitates green OuHAsO, (Soheele^s 
e^een) easily soluble in acids and in ammonia, 
(iv.) beinBch's test {J, pr, 24, 244). A warm so- 
lution of an arsenious compound acidified with 
HCl deposits a film of arsenic on a piece of 
bright copper kept in contact with it for some 
time ; this deposit may be oxidised to As,Oj by 
heating in air {v. supra). The deposit consists 
of. As^Cua according to Lippert {J. pr. 81, 103). 
Arsenic compounds may bo detected byEeinsch’s 
test, if present in considerable quantity (Wertlicr, 
J. pr. 82, 280), even in small quantity if heated 
for some time with HGl (Reinsch, N. J. P. 10, 
136) ; the IICl used must not be weaker than 
S.G. I’l (Bettcndorff, Z. [2] 6, 492). According 
to J. M. Scherer {Fr. 3, 200) the delicacies of the 
wet tests are as follows ; AgNO, detects -J — 

part of As, CuSO^ detects part, H.S 

detects . part, and Rcinsch’s test detects 
610,000 

part, or after boiling for 1 hour _ ’ 

130,000 ^ * 0 4 3.A»tlO 

part of As. (v.) Marsh's test. When hydrogen 
is evolved in contact with an acidified solution 
of an arsenious compound, whether by the 
action of zinc (Marsh, B. J. 17, 191 ; 20, 190 ; 
22, 175), magnesium (Roussin, J. 1800. 801), or 
the electric current (Bloxam, 0. J. 13, 14), 
arsenic trihydride is evolved ; arsenic may be 
separated by passing the gas through a glass 
tube heated at one part, or by burning the gas 
in a limited supply of air and presenting a cold 
surface of porcelain, or thick platinum (Davy, J. 
1858. 009), on which the arsenic condenses. 
The deposit of arsenic is easily soluble in 
IINO3, S.G. 1*2 to 1’3; the solution contains 
arsenious acid (which on boiling for some time j 
is changed to arsenic acid), it gives the cha- ! 
racteristic yellow pp, of Ag;,AsO., (v. supra) ; the j 
deposit of arsenic is also easily soluble in ! 
aqueous NaClO free from Cl; if the deposit is j 
warmed in dry ILS yellow As._,S;, is i)roducod j 
which is not changed when warmed in a ' 
current of dry IICI gas. Arsenious hydride 
passed into aqueous AgNOa precipitates Ag, but 
the whole of the As remains in solution along 
with UN O3 formed in the reaction, and may bo 
detected by filtering and carefully neutralising 
the filtrate with dilute ammonia, wdicn yellow i 
AgsAsOj is produced. [SbII,i)recipitatcs Ag from ' 
AgNOj but the whole of the Sb is at the same 
time thrown down ; the deposit of »Sb obtained 
by heating,^^ or burning, Sbll, is insoluble in 
NaClO solution free from Cl, and is much less 
soluble than As in HNOgAq of S.G, 1*2 to 1-3 ; 
moreover, the solution in HNO^Aq gives no 
reaction with AgNOsAq and ammonia. The 
reactions of the two gases towards AgNO., solution 
affords a means for separating them (Husson, 
C. B. 83, 199).] The electrolytic method of 
preparing AsHj has the advantages {a) of 
avoiding the use of zinc which generally contains 
arsenic; {b) of not interfering with the sub- 
sequent testing for other metals ; (c) of allowing 
the separation of antimony if present— this is 
done by adding a little BL^S to the liquid, whereby 
ASjSa and Sb^S^ are formed; the former is easily, 
the latter not at all, decomposed by the current 
(Bloxam, C. J. 13, 14, 338). The presence of 
BNO, prevents the formation of AsH, (BlonUiot, 


/. 1868. 681); (vi.) $ Usi ^91 

8, 482). 6^f(tmiottsoftfond0tn/M^n^JErCl;addea 
to a solution of A84O4 or As^O^ in the same acid, 
precipitates metallic As mixed with a little SnO^. 
This test is said to be extremely delicate; it 
may be used to detect As in presence of Sb, also • 
to remove As from HClAq (v. also Hager, J. 1870. 
906). II. Arsenic compounds, (i.) Neutral 
silver nitrate precipitates red-brown Ag3As04 
soluble in NH^OHAq and in HNOjAq, but less 
soluble in HNO^Aq than Ag.,AsO„ so that if 
AgNOj is mixed with a solution of an arsenite 
and an arsenate in HNOgAq, and NH,,OHAq ia 
then added drop by drop, AgaAsO^ is precipitated 
before AgjAsOa ; a solution of arsenic acid in 
nitric acid is precipitated by AgNO^ if a few 
drops of a concentrated solution of an alkaline 
i acetate are added (Avery, Am. S. [2] 47, 25). 

! (ii.) Neutral copper sulphate precipitates bluish 
green CUHAS64 soluble in HNO.,Aq and in 
NH,OHAq. (iii.) An alkaline solution of mag- 
nesium sulphate^ containing enough NH^Cl to- 
prevent precipitation of magnesia, precipitates 
white Mg(NH,)AsO, ; delicacy 1 part of As in 
50,000 (Lovol, B. J. 28, 130) {cf. Estimation of 
Arsenic), (iv.) Ammonium molybdate in excess 
precipitates bright yellow arseno-molybdate of 
ammonium from warm (not cold) solutions of 
arsenates containing HNO3. (v.) Sulphuretted 
; hydrogen slowly reduces arsenic to arsenious acid 
i and then (in presence of HCl) precipitates yellow 
I As^Sj mixed with S. (vi) Marsh's test. Arseni© 

. compounds in solution arc reduced to AsII^ by 
i hydrogen evolved in contact with tho solution ; 

' the reduction takes place under the same con- 
ditions as, but more slowly than, tho reduction 
of arsenious compounds (y. sup)ra). 

Arsenic may bo reduced to arsenious com- 
pound.s by such deoxidisi)ig agents as sulphurous 
or phosphorous acid; tho reverse change maybe 
accomplished by heating with IINO^Aq, HClAq 
and KCIO3, Ac. 

Detection in cases of poisoning. — Arsenious 
oxide or white arsonio is tho usual form in 
which the poison is administered. Because of 
tho insolubility of this compound, small solid 
particles of it may sometimes bo pic’ked out of 
the food or contents of tho intestine; these 
should be tested by reduction to metallic arsenic, 
Ac., in the dry way. The j^oison is, however, 
usually mixed with large quantities of organic 
matter which must bo removed or destroyed, 
after which tho arsenic may be ppd. as As^S, 
by long-continued passage of H.B, tho pp. may 
I then bo dissolved in warm HClAq with a crys- 
tal of KCIO3, free chlorine removed by warming, 
or the pp. may be dissolved in warm HjSO^Aq, 
and Reinsch’s, or better Marsh’s, test used for de- 
tecting the arsenic in aolution. The organic , 
matter may be removed by diffusion (Graham) ; 1 
or it may be destroyed by (a) treatment with warm 
concentrated H„S04Aq, (b) warming with HClAq 
and crystals of KCIO, added from time to time, 
i (c) warming with HClAq and a little HNOaAq, 
j {d) passing Cl into the liquid instead of adding 
■ KCIO3, (c) heating with HNO^Aq till the residue 
j is semi-pasty and yellow, adding NaOHAq till 
. the acid is neutralised, mixing with powdered 
Na-^COj and a little NaNO„ drying in a crucible 
and gradually heating until the mass fuse# 
(W6hler ; v. also Meyer, A* 66, 237). All re«j 
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igents used must be carefully freed from arsenic ; 
a blank experiment should be conducted with the 
regents alone. ‘ (Buiz a. Schulz find that cer- 
tain parts of the animal organism reduce As,p, 
and also oxidise As jO^; they think that the 
poisonous effects of ASjOg arc duo to rapid de- 
oxidation and reoxidation, v. D. 12, 2109 ; 14, 
2400 ; 16, 1388.) 

Estimation. -1. Qravimetric methods. 
(i.) As magnesium-ammonium arsenate. 
Solution of MgSO, is mixed with excess of 
NH^HAq and allowed to stand for 12 hours ; 
this liquid is added to the solution containing 
arsenic acid to which an excess of NH,OHAq 
has previously been added. After some time 
ft the pp. is collected on a weighed filter, washed 
pyith ammonia- water, and either (a) dried in 
tooewo over when it has the composition 

^g.NH^.AsOj.OH.O, or (6) dried at 100*^ to 110° 
ijfhercby 2(Mg.Nri,.AsO,)lLO is produced, or (c) 
||rongly heated over a Bunsen lamp (tempera- 
’||te being gradually raised) whereby Mg.As-.Oj 
Iformed. Method c is recommended by Puller 
■. 10, 41), who states that the best means of 
^verting A3.S3 into arsenic acid is treatment 
red fuming UNO, {v. also Rainmels- 
B. 7, 544; Wood, Am. 8. [3j G, 3GB; 
icivor, G. N. 32, 283).-- (ii.) As arsenious 
ftlphidc. Arsenates are reduced to arsonites 
y SO.j solution ; the arsenious solution is acidi- 
>d with IIClAq, and As^S., is ppd. by long-con- 
Ihued passage of hLS ; the pp. is washed with 
p.. to remove any 8 which it may contain, 
|llected on a weighed filler, and dried at 
P°-110° (Puller, Er. 10, 41). — (iii.) As 
Kanyl py roar senate. Uranic acetate in 
fesence of ammonium salts pps. ammonhim- 
ranyl arsenate Nlf,.UOa.AsO^-F Aq, insoluble 
i water and acetic acid*, but soluble in mineral 
5ids. When this pp. is waslied, dried, and 
:adually heated to blight redness, the pyro- 
Seuato (U()._,),jAs/)j is obtained. This method 
f recommended by Puller {l.c .) ; As.S^ may 
I dissolved in HClAq i KCIO3, and the As ppd. 
fter adding KH,.CJl30, and H.C,It30,aq. 

II. Voliimctric metiiods. — (i.) By 
odine. Aiseiiious, is cenverted into arsenic, 
eid, by iodine in presence of alkali ; a solution 
E NaHCO., saturated in the cold and used in 
excess is tlio best alkali (Waitz, Fr. 10, 168). — 
(ii.) By potassium dichromate. Arsenites 
are converted into arsenates by the action of 
K^CryO-Aq in acid solutions ; the residual 
^.jCr.O; is determined by a solution of FcBO,; 

I xcess of HCl should bo avoided (Kessler, Fr. 
0, 206). — (iii.) By potassium permanga- 
jate. Arsenites are oxidised to arsenates by 
jMn.U^iAq in solutions containing JLSO,; an 
jeess of K^Mn^O^ is aTlded, and the residual 
MaUg is determined by FeSO^ solution 
laitz, I.C.). 

■Minute attention to detailed precautions must be ol 
^ In testing for arsenic in poisoning cases. The; 

H will be found In the following memoirs an 
- 1 :— Marsh, Ii. J. 17, 191; 20, 190; 22, 17fi ; Rej 

J [3] 2, 169 ; I<'rcseniu3 a. v. Rabo, ^?49, 261 
59, 364 ; Schneider, P. 86, 433 ; Pyfe, P. A 
ger, Fr. 1, 391 ; Wohler, a. r. Siebold, Dt 
. Ver/ah ri>n bei finer A rsenU - Vergi/iuntj (18-17’ 
ttelunff der GiJ'te [English ed. On Poisons' 
Igeadorff, Die gerichtlkh-e^henxische Ermittelung der Oif 
88); Duflos, PnVung chem. Qifie (1867); Tayloi 
Ileal Juriigprudenee ; Taylor t>n Poisons, 

Voia I. 


Ref6renc6S.--^mdM the papers referred to 
in the article, the following older memoirs on 
arsenic and its compounds may bo consulted 
Soheele, Opus. 2, 28 ; Bergraann, Opus. 2, 272 ; 
Buchholz, S. 16, 637 ; Laugier, A. Ch. 85, 26 ; 
Fischer, S. 6, 23G; 12, 155 ; 39, 364 ; Thomson, 
8. 17, 422; 29, 430; Berzelius, A- Ch. [2] 5. 
179 ; 11, 225 ; S. 34, 46 ; P. 7, 1, 137 ; Gehlen, 
8. 15, 501; Gay Lussac, A. Ch. [2J 3, 136; 
Pfaff, 8. 45, 95 ; Buchner, S. 45, 419 ; Soubeiran, 
P. 19, 991 ; Mitscherlich, A. Ch. [2J 19. 

Arsenic acid and Arsenates v. Arsenio, 

ACIDS OF. 

Arsenic, acids of. — (In connection witli these 
compounds v. arts. Acids ; Acnis, Basicity of ; 
Hydroxides.) Arsenious oxide, As,0,j, dissolves 
in alkalis, forjning salts from which other arse- 
iiitcs may be obtained ; no hydrate of As^O,. is, 
however, known. The heat of solution of the 
oxide is negative; [As'O", Aq] = —16,100. Ar- 
senic oxide, As.^Oj, dissolves in water with for- 
mation of the hydrate H.,AsO^, wliicdi crystal - 
1 isos from concentrated sol utions as 2x13 AsO (.H.U ; 
these crystals heated to 100° lose water, and 
arsenic acid, H^AsO^, remains. By the action 
of heat on this acid, two other acids Jiro pro- 
duced, viz. at 140°-180’ pyroarscnic acid 
TliAs.O,, and at 200° metarsenic acid HAsOy ; 
these acids dissolve in water with reproduction 
of HaAsO^. Each arsenic acid yields a series of 
salts ; the arsenates (or ortho-arsenates), divisible 
into three classes of the forms MH^AsO^, M,_,HAsO„ 
aiid MaAsO^; the pyroarsemitcs M^ASaO,; and 
the mdarsenate,^ MAsOg. The pyro- and mef- 
arsenates have not been much investigated, 
they appear to exist only as solids and to yield 
arsenates when brought into contact with wateiv 
Thomsen’s thermal examination of the behaviour 
of aqueous solutions of the two oxides of arsenio 
towards soda shows that these solutions differ 
much as regards reactions and lienee also as 
regards composition. In each case tlie tliermal 
behaviour of the oxide of arsenic is compared 
with that of the corresponding oxide of phos- 
phorus (tho formula AsU., is used as being 
directly comparable with B-Oj). 

.r [As-O’Aq, .TNaOIIAq] Diff. [P'0»Aq, a:NaOHAq].. 


1 

7,300 



V . 

11,800 



0,500 

13,700 


2 

13,800 



28,600 



1,200 

400 


8 

15,000 



28,000 



600 




6 

15,600 



m 

X 

[As'O^Aq, X 

NaOHAq] Diff. [P‘0'Aq,.rNaOHAqi. 

1 

14,800 



.1. 

16,000 



12,300 

12,600 


2 

27,100 



27,600 



6,900 

8,400 


3 

34,000 



36,000 



1,300 

1,400 


6 

35,300 



37,400 

The mean thermal value of the 

reaction which 


occurs when one formula-weight of soda is 
added to an acid is 13,500; tliis value is 
reached when 2NaOHAq is added to As.O.,Aq, 
but a little more heat is produced wlien a third 
formula-weight of soda is added. The values 
when baryta solution is used are [A8-0*Aq, 
BaOAq] = 14,000 ; [As-O^Aq, 2BaOAq] « 15,600. 
It seems probable that the soda reacts with 


X 







water and arsenioos oiide^noi mth arsezUotit 
acid, to produce an arsenite NaAsO^HA^O^, 
analogous to potassium arsenite, and that 
addition of more soda changes this either into 
the normal, or some other, arsenite. 

I. Arsesious acid and Arsknites (Pasteur, 
J, 68, 308 ; Filhol, A. 68, 308 ; Kiihn, Ar, Ph. 
[?.l 69, 267; Streng, A. 129,238; Stein, 74, 
218; Reynoso, C. B. 31, 68; Girard, C. B. 34, 
t)l8; 36, 973; Bloxam, C. J. 15, 281). No 
arsenioua acid has been obtained in separate 
form; but an aqueous solution of the oxide 
As fig reacts with bases to form unstable salts 
the compositions of which may be well repre- 
sented by regarding them as derived from one 
or other of the three hypothetical arsenious 
acids, HsAsO,{-As(OH),), HAsO,( = AsO.OH), 
H,A820r( = As.O(On)J. The arsenites as a class 
are very easily decomposed ; the ammonium 
salt gives off ammonia at ordinary temperatures 
and pressures, its aqueous solution yields pure 
As^OaOn evaporation; the potassium and sodium 
salts are decomposed in solution by carbon 
dioxide with separation of Aa,0,;. CiiO, BaO, and 
SrO, dissolve when boiled with water and As,0,i, | 
addition of lime- baryta- or strontia-wator pie- ■ 
oipitates arsenites insoluble in water, but sola- 1 
hie in acids and in ammonia. Solutions of 
arsenites of metals which form sulphides soluble 
in water are decomposed by H^S w'ith precipita- 
tion of As.S;, ; if the metal of the arsenite forms a 
eulphide insoluhlo in water then I1,,S preciintatcs j 
this sulphide along with As.,S3. Rlany arsenites 
are not, liowcver, decomposed by metals even 
when the oxide of the metal of the arsenite is 
insoluble in potash. Insoluble arsciiitca are 
obtained by adding a soluble salt of the metal 
to a solution of K or Na arsenite. All arsenites, 
with the exception of those of the alkali metals, 
■are partially or wholly insoluble in water ; when 
■formed they usually retain some arsenious oxide, 
«o that it is dilUcult, and sometimes impossible, 
to obtain definite compounds of fixed composi- i 
tion. Most arsenites are dccomjjosed by heat ' 
with formation of an arsenate and arsenic; 
iieatod with carbon, or witli carbon and borax, 
the wliole of the arsenic is usually separated in 
the metallic state. Heated with ammonium 
chloride, most arsenites yield AsCl, and chloride 
of the metal of the arsenite. Solutions of tlie 
alkaline arsenites exposed to the air absorb 
oxygen and produce arsenates (Fresenius, J. 
1866. 382). 

A r s e nr> t e s. Ammonium arsenites NH4.As02 
(Pasteur, Bloxam); (NIIJ^As.^Oj (Stein). By dis- 
solving As^O„ in cone, aqueous NH,; white 
lustrous prisms, very soluble in water. 

Barium «rscmfcsBa{A80,J«; white gelatinous 
pp. by ailding BaCl^q to I^sOjAq (Filhol). 
ljaH4(AsO|)2 ; by mixing BaCL^Aq with As^O^Aq 
and NHjAq (Bloxam). Ba2AB204.4H20 ; by dis- 
aolving As^Ort in BaOAq (Stein). 

Calcium arsenites. Solutions of the vaiious 
'potassium arsenites mixed with CaCl^q yield 
pps. of varying composition (Filhol, Stein). A 
Doiling solution of Aa^O, added to CaOAq pre- 
loipitates Ca3(AsO.,); (Ktihn). CaClaAq mixed with 
AafigAq^ and NHjAq precipitates Ca(As02)2 
i(Simon, P.40, 417), As,OgAqwitb oxoessof CaOAq 
precipitates CaMfi^ (Stein), 

Oobalt arsetiiU. Co3H;,(AsOJ4.HjO ; rose-red / 


m proaacea pt reaction of KAsO^ wiftH 
OdOiCAq in presehoe of KH^OlAq, 

Cop]^r arsenites, GaS04Aq + EAs02Aq, or 
aramoniacal CuS04Aq+A840gAq, yields a light 
green pp. (Scheole’s green) of CuHAsO, ; soluble 
in NHjAq with formation of H.1ASO4 and CujO; 
soluble in KOHAq with formation of K,Ab 04, 
and Cii.O, which precipitates; when heated, 
CnIIAsOa evolves As and H.O, and a mixture of 
CuO and copper arsenide remains. By digesting 
CuCOa with H^O and As^O,,. and evaporating the 
solution, a yellow-green salt, probably Cu(AB02)5t, 
is produced. 

Iron arsenites. Ferrous arsenite ‘Fe.iAsfi^ 
is a greenish-white pp., soluble in NHaAq, ob- 
tained by mixing FeSOiAq with As^O^Aq and a 
little NHaAq. Various ferric arsenites appear 
to exist. Freshly precipitated Fe2(OII)a digested 
with cone. As,(),iAq containing not more than 

as much As^O.^ as there is Fe2(OH)„, completely 
converts all tlio As,Oj; into an insoluble salt 
(Bunsen) ; with less Fe2(OH),i the whole of the 
As, 0 ,j is not removed from solution, a basic salt, 
FeAsOs.Fe.O.,, is produced from which water 
removes some A 8 , 0 ,j. A basic salt (rusty-red^ 
hard, soluble in NaOHAq), 2FeAsO;,.Fo20..,.7H20, 
is produced (a) by ad<ling Fe^BSOjAcj or Fe^ClaAt 
to KAsO.Aq, (6) by oxklising FcHO,,Aq by 
regia, neutralising by NH.,A(i, addin;' a saU’'- 
rated solution of As,Ort in NuOHAq, and allfw- 
ing to stand for twelve hours. Another silt, 
2 FeAsO;,.Fe./);,. 6 ILO, is obtained, as an ochr?.- 
ycllow pp. drying to a brown mass, on mixing 
As,(),iAq or KAsO.Aq with Fe.,(C,_jr;iO..)yAq; water 
w'itluiraws part of the acid from this salt; it is 
deeomposed by heat, losing all its arsenious 
acid (Simon) ; only a part of its acid (Bunsen ; v. 
also Grimaux, Bl. [ 2 J 42 , 211 ). 

Lend arsenites. Pb^AsO.Ja is a white pp. 
(Filliol), molting to a yellow glass (Berzelius), 
obtained by aflcling KAsO.Aq to rb(G.H,,02)2Aq. 
Other salts are known : Pb2A820(?) by precipita- 
ting Ph(0,,H30.,).Aq by As, 0 «Aq and NHjAq 
(Filhol, Bloxam) ; Pb.,(x\sO.,)., by precipitating 
rb(C.Jf,0.)2Aq by (a) boiling As, 0 „Aq (Kiihn, 
Blo.xam), or (b) As, 0 „ in NaOHAq (Streng, A. 
129 , 238 ). 

Magnesunn arsenites. A solution of As^O^in 
excess of NIlgAq mixed with MgSO.Aq with 
NIT,ClAq gives a pp. which is Mgj(AsO ;,)2 (^fein), 
NgHAsOa-H^O (Bloxam) ; heated to above 260'^ 
iMg.As.Oj remains. Other salts appear to oxistj 
but their composition is vague and uncertain 
(v. Filhol, he.). 1 

Manganese arse?iite. Mn3Ha(As02)4.2H20 
a light rose-red pp. obtained by addinj 
NH^AsOaAq to MnSO^Aq. f 

Mercury arsenites. Composition undecided 
Hg2N03Aq mixed with A3,0,.Aq gives a whit • 
pp. soluble in KAsO-^Aq ; if excess of KOH : f 
present' Hg is precipitated. An arsenite of me '■ 
cury seems to be formed by mixing HgNOjA ■; 
with KAsOjAq, or by digesting As40aAf 
with Hg. 

Nickel arsenite. Ni3He(As0,)^H20 is 
tainedas a greenish -white pp.on adding KAsOiA^ 
to NiCl^Aq containing much NH^Cl ; heated ini 
air, this salt loses H^O, then A340a, and yolloV 
infusible Nij(As04)9 remains. 

Potassmm arsenites. The acid salt j : 
KABOy EABOj.HjO is produced by adding alcph/M 





w 


to k Motion dt Okncb inSOHAq ^astaar, 
Bloxam). By digesting Ms salt with K^OOsAq 
the neutral salt KAsO.^ is produced (Pasteur, 
Filhol) ; by treating this with KOHAq and pre- 
cipitating by alcohol the salt KiAs^O, is formed 
{Bloxam). Two double salts, KAsOo.IIAsO._..AsOI 
and KjH.,.3As.,0,.2KI are described by Emmet 
(Am. S. [2] 18, '583), and Harms (A. 91, 371), 
obtained by adding KIAq to As^O,jAq, or KIAq 
to KAsOoAq containing so much nC^H.,0. tliat 
no brown colour is produced with turmeric 
paper. 

Silver arsenites. Ag^AsO.,, a yellow pp. ob- 
tained by adding A3,0,iAq neutralised by NHaAq 
to AgNO:,Aq (Kiihii, Filhol, Eloxam) ; soluble in 
HNOs, II.C.H.,0;, NII.,Aq, and solutions of ammo- 
nium salts, also in IvOIIAq; solutions are not 
precipitated by KClAq, but dissolve freshly pre- 
pared AgCl. Heated alone or with alkalis it 
is decomposed ; 

4AgaAs03 = Ag,0 + 2Ag -i- 2Ag:,AsO, + As^O^ 
(Wohler, A. 101, 3G3). Other silver arsenites 
are described by Harms (Z.c.). 

Sodium arsenifes. None obtained pure; 
seem to bo all very soluble in water (Pasteur, 
Filhol, Bloxam). 

Strontium arscnitc. Sr(AsOv).M4n.O. By 
mixing SrCLAq with KAsO^Aq and allowing to 
deposit crystals slowly (Stein). 

Tin arsenites. Scarcely known ; both stan- 
nous and stannic arsenites seem to exist. 

]I. Ausenicacid andAusENATES. — (Sotterberg, 
B. J. 2(), 200 ; Baumann, Ar. Ph. 30, 30 ; Kod- 
Bchonbey, J. pr. 49, 182; Field, C. J. 11, 0; 
Uelsmann, Zeits. f. d. gcs. Naiuriviss. 23, 347 ; 
SchilT, A. 112, 88; Maumen6, C. li. 58, 250; 
Debray, Ch. [3J 01, 419, also G. 72.69,40; 
Lecharticr, C. li. 05, 17^ ; Salkowski, J. pr. 104, 
129). The conditions of formation of the three 
arsenic acids, II.,AsO„ HAsO;„ and H^As.X); have 
been already described (p. 305). The following 
thermal data arc given by Thomsen {Th. 2, 230) 
rAB,0^ H»J -215,030; [As, 0‘, H’, Aq] - 216,230; 
[As‘0\ 3H'Oj = 0,800; [AsOW, Aq] = 
- 400; [As^ Oh H^] = 300,830 ; [As"0 *, Aq] = 0,000 ; 
[As^Oh 0'^j = 04,710; [As-0=’Aq, 0*] = 78,200. 
The following heats of neutralisation are also 
given by Thomsen {Th. 1, 190) : 

n [NaOHAq, ?iH*AsO^Aq] ; 

4 0,233 

i 11,972 

i 13,790 

1 14,994 

2 14,724 

n [wNaOHAq, H^AsO^Aq]. 

i 7,302 

1 14,994 DW* 

12,686 

2 27.580 

7,3^30 

a 35,916 

1,484 

6 37,400 

The acid H3ASO4 is therefore tribasie; but as 
the reaction of the third formula-weight of soda 
is accompanied by the production of not much 
more than half the quantity of heat which 
•ocompanies the reaction of the first or second 
((Hrmula*weight, it is probable that this acid 
b^ngfl to the same class of tribasic acids as 


phosphoric abid; wHioh class is represented by 
Thomsen by the typical formula Hfl(OH)jH 
(v. Acids, basicity or). The relative affinity of 
arsenic acid {v. Affinity) is 21 (that of HNO, « 
100) which is a little less than the value for 
phosphoric acid. 

The acid HjAsO^ forms translucent crystals ; 
the acid H,As.O, clear lustrous crystals ; and 
the mela-acid HAsO;, a white somewhat irides- 
cent solid ; the ortho-acid dissolves in water with 
disappearance of heat {v. supra), the other acids 
dissolve with production of heat and formation 
of the ortho-acid ; [H'As'^0^ Aq] -1,300 (Thom- 
sen, B. 7, 1003). 

The following facts refer to tho ortho-acid 
H,AsO,. 

Ponnation.~Bj action of HNO,Aq on As or 
As,0,. 

iVe2)araZiou.— -Arseniousoxido is suspended in 
watorand chlorine is passed in ; the solution is eva- 
porated to dryness in a platinum dish, tho tempe- 
rature not being allowed to rise much above 100° ; 
the residue is dissolved in walor and evaporated 
slowly at 100°; after a time sm.'ill needle-shaped 
crystals of HaAsO^ separate out (E. Kopp, J.pr, 
C9, 270). 

Properties. — Action of heat already described 
(w. p. 305). Aqueous solution tastes sour and 
metallic ; it burns the skin. Tho most concen- 
trated solution has S.G. 2‘5 ; the following table 
gives Bomo data regarding S.G. of aqueous 
solutions (SchitT, A. 113, 183). 

S.G. at 16° 1-7346 Petge. of HjAsO, 07-4 
„ 1-3973 „ 45-0 

„ 1-2350 „ 30-0 

„ 1-1006 „ 22-5 

„ 1-1052 „ 15-0 

„ 1-0405 „ 7-5 

Reactions. — 1. Heated with carbon, many 
metals, ov potassium cyanide, liyiold'S arsenic,— • 
2. Heated with cone, hydrochloric acid AsCl, 
and Cl are produced ; if the S.G. of the aqueous 
HCl used is less than 1-04 no AsCl, is produced 
(Fresenius and Souchay, Fr. 1, 448) ; with acid 
of S.G. 1*1 traces of AsClj are formed (Mayrhofer, 
A. 158,320).-— 3. Sulphurous acid in'oduceaarae- 
nious oxide and sulphuric acid (Wohler, A, 30, 
224).— 4. Zinc and iron dissolve in aqueous 
HjAsO^ with evolution of H and AsH, and pro- 
duction of gelatinous solids (? arsenates of Znor 
Fe) ; in presence of HjSO^, these metals pre- 
cipitate As, and evolve H and AsIJ,. — 5. Sul- 
phydric acid (H.S) reduces H^AsO^ in solution 
to ASjjO,, with precipitation of ST etud then 
throws down AsB^; this reaction takes place 
slowly at 10°-15°, but more rapidly at G0°-70°, 
6. Sodium thiosvlnhate solution, in presence of 
HCl, produces app. of ASjSj (g. v.).— 7. Tung- 
states of potassium , ammonium, and silver when 
evaporated with K1 I.^Ab 04 solution yield complex 
compounds, viz., 6W03.AS;;05.3K.^0.8lia0; 
6W0a.AsA-4(NHj20.5H.,0; and 
16WO,.ABA-9Ag20.11H.O (Gibbs, P. Am. A, 
15, 1; 10, 109; v. also Dcbray, C. R. 78, 1408; 
and Seyberth, B. 7; also Sonnenschein, J.pr, 
53, 339, 391). Derivatives of arsenic acid in 
which OH is replaced by Cl, or Br, or I, are 
not known. 

Arsenates. Arsenates ate isomoiphous with 
corresponding phosphates. The arsenates ot the 
> alkali metals, and the acid arsenates ot the 
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alkaline earth metals, are solnble in water ; they 
lose all their arsenio as chloride by strongly 
heating with sal-ammoniao (Bose, P. 116 , 453 ). 
The neutral and basic arsenates are easily solu- 
ble in mineral acids, including arsenic acid. 
Debray (l.c.) doBcribes a series of amorj)hou3 
arsenates, RIH.AsO,.H„ 0 , obtained by precipi- 
tating alkaline arsenates by salts of the metals 
M ; these arsenates become crystalline, accord- 
ing to Debray, by long-continued digestion with 
the liquids in which they are produced. By 
fusing chlorides and fluorides with arsenates, 
Leohartier (l.c.) obtained a series of crystalline 
salts analogous in composition to Wagnerite and 
Apatite', thus: 

Corresponding to Wag 7 ierite [(POvF.Mga)]. 
AsO,.Cl.Ca, 

A80,.Cl(F).Mg3 

A 60 ,.Cl.Mg.. 

AsO^.Cl.Mn; 

Corresponding to Apatite [(POj3.Cl(F).CaJ. 
(AsOJ3.Cl.Ca3 (AsOJ^-Cl-Sr^ 

(AsOj3.Cl(F).Ca3 (AsOJ3.Cl.Ba3. 

(A8OJ3.Cl.rb3 

Debray also obtained the following crystallised 
insoluble arsenates by digesting arsenio acid 
solution with carbonates of the various metals: 
2 A 80 ,CaH.H..O; AsO.CuH; 2 AsO,CuH. 3 ILO ; 
(As0J,Cu 3.4H,0; and AsO,Cu.(CuOH). Arse- 
nates are usually prepared by adding 
NajHAs04Aq to solutions of salts of the various 
metals, using the calculated masses of the re- 
acting bodies. 

Ainmbmm arsenate. White pp. by adding 
a soluble arsenate to a solution of an A 1 salt. 

Ammonium arsenates. (Nn,).,.H.AsO.,; by 
adding NHjAqto cone. IIjAsO., until the pp. which 
forms is dissolved (Salkowski). (NHj3As0,,.3Hj{0; 
by adding considerable excess of NHjAq to 
H3ABO,,Aq. MHJT.AsO,; by adding one for- 
mula-weight HjAsbi to one formula-weight 
(NHJ.,HAbO,,. 

Bariwn arsenates. BallAsO,; crystalline, 
obtained by adding NaJIAsOAfl to BaClA'l* 
Ba, 2 AsO,; crystalline, obtained by adding 
V:iABO,Aq to BaCl.Afll acted on by water 
it lorms the salt BallAsO, (Field). The salt 
BaHJAsO,)^ is obtained by dissolving BalTAsO^ 
in warm HjAsOAd ‘'ind allowing to crystallise 
(Setterberg). Two barium-ainmojiium arsenates 
2 Ba.NH,.A.s 0 ,.lI, 0 , and BaH,(NHJ,(AsOj2 are 
described (Baumann, Mitscheriich). 

Bismutk, arsenate. 2 BiAs 0 ,.Il ,0 ; yellow- 
ish white pp. insoluble in water and HNOjAflt 
soluble in IlClAq ; insoluble in a cone, solution of 
BiSNOa containing a little free acid (Schneider, 
J. pr. [2] 20 , 418 ). 

Cadmium arseymtes. White crystalline pps. 
obtained by precipitating solution of Cd salts by 
Na..HAsOAq ; two are known, Cd3(AsOJ...3H..6 
and Cd3lT,(As0j4.4n,0 (Salkowski). 

Calcium arsenates. Ca.II.AsO4 ; prepared like 
BaHAsO^; occurs native as Pharjnacolik. By 
treatment with NH3Aq this salt yields Ca3(A.80)4 
(Kotschonboy). Two calcium-ammonium ar- 
senates are described, CaH.^(NH4).^(AsO j2 and 
CaNH,,.As04.C or 7 H.D (Baumann, Kotsclionbey; 
also Bloxam, C. N. 54 , 163 ). The salt Ca,,A8,_,02 
is obtained bystrongly heatingGa.NH4.AsO4.7H2O 
(Bloxam). 


Otriwn artemU, 0e.HJLs04; insoluble in 
water, soluble in excess of H,A804Aq. 

Cohalt arsenates. C0HA8O4 is unknown ; 
CoH 4(A804)2 obtained by evaporating in vacuo 
solutionofCoO.HjO in excess of Il3As04Aq. Cobal- 
tio arsenate, Co32A80,8H20 (Karsten, P. 60 , 266 )’ 
is a reddish powder obtained by precipitating the 
solution of a Co salt by NasAsO.Aq; occurs 
native as Cobalt-bloom. An impure basic arsen- 
ate of cobalt is known in commerce as CJiaux 
mdtalliqtie. 

Copper arsenates. CUsH.^(As 0 J,. 2 Il, 0 ; ob- 
tained as a blue pp. by adding (NHJ.,HAs04Aq 
to CuS04Aq and drying at 130 ° (Salkowski). 
Cu3(AsOJ. is a green powder obtained by pre- 
cipitating CuS04Aq with Na.JIAs04Aq ; this 
salt dissolves in NH;,Aq, and on long 
standing, clear blue crystals having the 
composition f(NH3)2Cu]3(AsOj2 separate out 
(Damour, B. J. 26 , 247 ; and 27 , 181 ). Various 
basio arsenates of copper occur native as 
minerals (v. Coloriano, Bl. [2] 45 , 707 ). 

Chromium arsenates. Chromic arsenate is 
a green pp. obtained by mixing solutions of a 
cliromic salt and K.,As04; composition uncertain. 
By mixing solutions of ICCrO, and H3ASO4 
Schweizer (J.pr. 39 , 267 ) obtained a gelatinous 
pp. having the composition (dried at 100^) 
(Cr 0 ) 3 As 04 .K 2 H(As 0 J. 2 . 4 H 20 . 

IHdipnium arsenate. 

' Di.,(As64).3.DiH(As0J,2.H20; by boiling H3As04Aq 
with DijjOs (Marignac, A. Ch. 88, 185 ). 

Iridium arsenate is a brown pp. 

Iro 7 i arsenates. The ferrous salt is obtained 
by double docompoiiition ; it oxidises easily; 
after drying, its composition is Fo.OAsO,,. 5^11.20 
(Wittstein, Vicrtcl-Jahrsschr. pr. Pharm. 15 , 
185 ). The ferric salt (?FeH3(As(),)J is obtained 
by mixing Te.^ClAq with Ka^HAsCViAfl ? il^ is a 
white powder which loses water on lieating and 
I becomes reddish, soluble in HjAsOiAq, but this 
I solution soon decomposes, urilos.s very con- 
I centrated, depositingFo2(OII),, ( Ijimge, Vr. 6 , 185 ). 
j Various other ferric arsenates ol‘ uncertain com- 
position have been described by Berzelius (v.also 
Grimanx, Bl. [ 2 ] 42 , 211 ). 

Lead arsenates. The salt PbHAs04 is ob- 
tained by double decomposition (Halkowski) ; 
when treated with NH.,Aq it yields rb3(A804)M, 

Lithium arsenates. 2Li;,As04.H.G is a 
white powdery pp. obtained by dissolving 
Iji.jCOg in H3AsO.,Aq and adding NHjAq ; when 
this salt is dissolved in HjAsOiAq, trimetrio 
prisms of 2LiII.,As0,.3H20 crystallise out (Ram- 
melsberg, P. 128 , 311 ). 

Magnesimn arsenates. 2MgITAs04.13H20 ; 
white pp. by mixing 5 partsNa2nAsO, in solution 
with a dilute solution of 3 -parts MgSO^ (Graham, 
A. 29 , 24 ). Mg3(AsOj2 is obtained by boiling the 
preceding salt for some time with cone. 
Na.2HA804Aq. A magnesium-ammonium ar- 
senate MgNH4As04.6H20 is obtained by adding 
H3As04Aq with excess of NHgAq to MgS04Aq 
containing NH4CI; it is slightly soluble in 
NH4ClAq, strongly heated it loses NHj and 
Mg^As-P, remains [H. Rose ; Field ; Wittstein ; 
Puller ; Fresenius {Fr. 3 , 206 ) ; Level {A. Ch. 
[ 3 ] 17 , 50 )]. A magnesium-potassium arsenate 
MgKAs04, and a corresponding sodium salt, are 
obtained by fusing MgHAs04 with Kj,CO, and 
KOH (or Na^CO, and NaOH). 
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MaiManes6 arsenates, MnHAsO, is pro- 
duced by saturating HjAsO.Aq with MnCO.; 
nsmg excess of H^AsO.Aq the salt MnH, (AsO*)! 

manganeso-ammonium 
salt MnNH^AsO^.(>H.^O is obtained like the 
corresponding Mg salt as a guniniy pp. which 
becomes crystalline. Some basic Mn arsenates 
are described by Coloriano {Bl. [2] 45, 709). 

XT arsemti's. The mercurous salt 

ilg.^liAs04 13 a yellowish white pp., which be- 
comes orange red, produced by adding H,AsO An 
insoluble in water and 
H.C,II,0,Aq, soluble in HNO.Aq. Wlien heated, 
this salt OSes H.O and Hg, and a mercuric 
salt (probably Hg.As.O,) remains. By adding an 
excess of H^AsO^Aq to the mercurous salt, and 
evaporating, tlie meta-salt IIg,(AsO,), is obtained 
T^vT/? powder, somewhat soluble in 

'vith formation 

, rV V ‘^^^o^iposed by KOIIAq with withdrawal 
of half its arsenic as HgAsO^ (Simon, P. 41, 424). 

Molubdcmim arsenate is a grey pp. (for com-' 
binations of As.p. with MoO^ and K,0 v. 
Arsenic Acid, licactions, No. 7). 

Nickel arsenates. Analogous to cobalt 
arsenates (q. v.). The salt Ni3(AsO,)...8H..O 
occurs native as Nickel-bloom. “ 

Palladiiun arsenate is a clear yellow 
I'd 2NO A^r'^ locating NaJIAsO.Aq with 

Platinum arsenate is a light-brown pp, 
obtained like the Pd salt, 
rr arsenates. The salts K,AbO, and 

KaHAsO, are obtained by adding K.COj, or KOH 
to HyAsO.Aq ; the former crystallises from very 
cone, solutions (Graham, P. ;{2, 47). By heat- 
mg together equal parts of KNO, and As.O«, 
dissolving in water and evaporating, or by 
adding KOIIAq to H^AsO.Aq until neutral to 
litmus and crystallising, the salt KlI.AsO, is 
obtained. The crystals of this salt arc fairly 
soluble in water (S. = 10), insoluble in alcohol. 

Heated above 288° the salt melts to a glassy 
mass. 

Silver arsenates. AggAsO^ is a dark red- 
brown pp. produced by mixing HgAsO.Aq, or 
solution of an alkaline arsenate, with AgNO^Aq • 

It melts to a brownish-red glass, it is decom- 
posed by JlClAq to AgCl and HgAsO.Aq, it is 
soluble in HCJlgOAq, NII.^Aq, and solutions of 
many ..HI, salts. By digesting this salt for some 
time at a gentle heat with HgAsO^Aq a white 
salt, 2AgAsO;,.As.jO,,, is obtained. 

Sodium arsenates. Na.HAs0^.12ng0, S.G. 

1 67 (ScliilT), is obtained in largo crystals, 
isomorplious with common sodium phospliate! 
by adding a slight excess of Na.,CO,Aq to 
IljAsO^Aq, and evaporating at a temperature 
. not higher than 18° (Fresenius, J. pr. 50, -30). 
The crystals which form at 20 ' and upwards 
contain 7H,0, S.G. 1*87 (Schiif) ; th5 crystals 
with 12II;0 efiloresce quickly, those with 7J1.,0 
do not. Ihc salt melts when heated forming 
a clear transparent liquid. At 0° a salt 
crystallises with ISillgO (SetterbeH^^). xhe 
salt NaHoAsO^.n.^O is formed in large crystals 
by adding NaXGaAq to HgAsO.Aq until the 
solution is no longer ppd. by BaCLAq; iso- 
morphous with the corresponding phosphate ; 
S.O. 2*635 (Schiff). A solution of S.G. about 
1-7 gives crystals of NaHaAs04.2Hg0 .(Joly a. 
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Dufet, 0 , R. 102, 1891). A oono. solution of 
H,As 04 decomposes NaClAq and NaNOg on heat- 
^^2. NaKHAs0..7H,0 
(Kotsohonbey), and 
NaNH^HAsO^.lHgO, are described (Uelsmann). 

obtained by neutralising 
NaH^AsO^Aq by KgOO^Aq, the latter by mixing 
solutions of NaJIAsO.und (NH,),.HAsO . The 
compound Na3AsO,.NaF.l 211,0 Jrystallises in 
monometno octahedra ; it resembles common 
alum in appearance ; S.G. 2-849 ; S. (25°) = 10*5 • 
b. (75 ) = 50. This salt is obtained by fusing 
together, with special precautions, 1 part A8.0„, 

4 parts Na,C(X„ 3 parts NaNOg, and I part 
Cal (Briegleb, A. 97, 95). Two compounds 
of sodium ar.scnate3 with sulphates seem to 
exist ^’*h*M,^g,2Na,S04 (Mitscherlich), and 
Na,As./)j.Na,&04 (bettorborg). 

Strontium arsemitcs. By adding Na, JT AsO Aq 
to SrClAq a pp. of yrNaAsO,.H,0 is obtained; 
tJic hltrato from this when evaporated gives a 
white pp. of SrHAsO, (Salkow.ski). 

Tin arsc7iatcs. 2SnIIAsO^.II,.0 ; a white pp. 
produced by adding excess of K.jrAsO.Aq to 
bnCl,Aq ; by the ^ reverse process the salt 
bn(SnCl)AsO,,.II,0 is said to be formed (Lenn- 
son, A. 114, 113). 

Zinc arsenate Zng(AsOJ,.3H,0 is a gela- 
tinous substance (Kottig, J. pr. 48, 182 and 
256); the salts ZnllAsO,, ZnII,(AsO,),., and 
Zn3(A804),.NIl3, are also known (u. also Friedol, 
Bl. (2] 5, 433). 

The compositions of the remaining arsenates, 
which have been very slightly inv(!stigated, are 
expressed by the following formube ; - 

Thallium, Tl.As04.2H,0. Thorium, 
rh.HAsO,. Uranium, (UO),.HAsO,.4H,0 ; 
the salts (UO),NaAsO, and (UO),Cu(AsO,),.8H,0 
are also known (Werther, A. 08, 312). Vana- 
dium, VlI,(AsO,),. Yttrium, VIIAsO^. Arsen- 
ates of titanium and zirconium are said to 
have been oblained. 

Arsenic, alloys of, v. Arsenic, Combinatiems 
of, No. 9. 

Arsenic, ammonio-chloride of, v. Arsrnio 
cnLoiiiDE, Combinations of, No. 2. 

Arsenic, bromide of. AsIJr,, {Arsenious 
bromide. Tribromide of arsenic). Mol. w 
(^i‘^0°). b.G. 3-01) (Boedeker, 

J. 1860. 17). V.D. 157-5. H.F. 59,100 solid As, 
gaseous Br (Guntz, C. JR. 101, 161). «.V.S.85*8. 

Preparatiofi. — 1. Powdered arsenic is shaken 
into a retort filled with Br vapour, and the 
bromide is distilled from the exiffiss of As.— 

2. Powdered arsenic is added to a mixture’ of 
1 part Br with 2 parts CS.. until the liquid is 
colourless; more Br is then added, followed by 
more As, until tlie colour is no longer removed 
on the addition of As ; the liquid is then filtered 
and evaporated ; on standing, the l)romide is 
deposited in crystals (Nickl^s, C. B. 68 837 j 
iA. [3] 41, 142). ’ * 

Prqpcrffes.— Colourless deliquescent prisms 
with strong arsenical odour, melting to a pale 
yellow liquid which fumes but slightly in the 
air. Volatilises unchanged and yields a crystal- 
line sublimate. 

Bcactimis.—l. Water, added in small quan- 
tity, produces AsOBr and HBr (? with a little 
arsenious oxide) (Serullas, S. 65, 345) ; added in 
large quantity, decomposes it into HBr and 
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(Serdlal, IaK Aii ^oeotw iblttlldil I 
Bontaiiiiiig HBt deposite oty- Balts 

SAsOBr-SABA-lSH^O and 2A80Br.3H20 
(Wallace, P. M, [4] 17, 261). — 2. Amnumiwn 
bromide added to a cold concentrated aqueous 
Bolution pps. six-sided tables consisting chiefly 
of AsBr, (Wallace, P. M. [4] 17, 261). — 
B. Sodium thiosulphate at first produces AsOBr, 
and then As.Sa (Nicklils, J. Pii. [3] 41, 112).— 

4. Arsenious oxide dissolves in molten AsBr^ ; 
on cooling to 150^ the liquid separates into two 
layers, th ^ upper of which is AsOBr, and the 
lower probably 3As0Br.A8..0a (Wallace, P. M. 
[4] 17, 261). 

Combi'uations.—Wlih the alkaline bromides 
to form rather unstable crystallisable com- 
pounds (Nickles, l.c.). 

Arsenic, chloride of. AsCl, (Arsenious 
chloi’ide, Trichloride of arsenicy Butter of 
arsenicy Caustic oil of arsenic). Mol. w. 181*11. 
[below 29°J. (130^*2) (Thorpe, G. J. 37, 352). 

5. G. ^ 2-205 (Thorpe, l.c). V.D. 90-75. 
Volume at = vol. at 0° 

+ •000901338^ + -000000819/^ + *00000000275.5 U" 
(Thorpe, Z.C.). S.ILp. *1122 ; S.H.v. *7031; 
H.V. 69-71 (Regnault, J. 1863. 77). 11. F. 

71,460 [solid As and gaseous Cl] (Th. 2, 326). 
Ra 49-59 (TTaagen, P. 131, 122). B.V. 91*37 
(Thorpe, l.c). 

Formation. — 1. By distilling As., 0„ with cone. 
H^SO, and NaCl (Glauber in 1618; Dumas, 

9, 308).— 2. By distilling As^O^ with cone. IICl. 
3. By leading dry HCl gas over powdered 
As^O,,.— 4. By passing dry HCl gas over gently 
heated powdered As.^., : As.Oj + lOHCl = 

SAsCl, + 201, + 5H,,0 (Mayrhofer, A. 158, 326).— 
0. By adding II.SO, to a solution of As,0„ in 
cone. HCl. — 6. By heating As.^Sg with SHgClg in 
a retort (Ludwig, Ar. Ph. 97, 23).— 7. By the 
action of y.Cl,^ on As (\V6hler, A. 73, 3'^4). -- 
8. By the action of PCI3 on As,0,j or on Asp., 
(POCl„ and in the case of As.p^ free Cl, is also 
formed) (Hintzig and Geuther, A. Ill, 171). 

Prcjprtmii07t. - Coarsely powdered arsenic is 
heated in a retort, dry chlorine is then led in, 
and the contents of the retort are heated; the 
distillate is collected in a dry receiver, and freed 
from excess of chlorine by rcdistillation from 
arsenic, or by sliaking witli mercury, pouring j 
off from the black solid which is formed, and I 
redistilling. Or the product may be distilled 
upwards for some time in a current of dry CO^ 
(Thorpe, Z.c.). 

Properties.— k colourless, oily, fuming, very 
poisonous, liquid; mixes with alcohol, ether, and 
liquid oils ; it is decomposed by water (v. infra). 

* Distilled with aqueous llCl, AsClgis psirtly vola- 
tilised ; PICl prepared from arsenic containing 
HjSO^ always therefore contains AsCl,; arsenious 
chloride when hot dissolves phosphorus and 
sulphur, but they crystallise out again on cool- 
ing. 

Reactions. — 1. With a little water the solid 
oxychloride AsOCl.HiO( = As (OII).pi) is produced 
(Wallace, P. M. [4] 16, 358). With more water, 
especially if hot, AsCl., is decomposed into IICl 
and As^Ou, a great portion of thelatter separating 
in the solid form. — 2. With arsenic hydride 
it reacts to form HCl and As. — 3. By the action 
of NO, it is converted into AsPj, NOCl being 


Oomhinations.^l. Arsenious oxide dissolves 
in boiling AsCl,, and on distillation the oxy- 
chloride AsOCl (q. V .) is obtained (Wallace, P. M. 
[4] 16, 358). — 2. Amnwnia gas is absorbed by' 
AsClj with production of a white solid, 
2ASCI3.7NH, according to H. Hose (P. 52, 62), 
2AsClNII.4NH4Cl.NH3 according to Pasteur 
(A. Gh. 68, 307), Michaelis suggests the for- 
mula 2 As(NH 3C1)3.NH3 (Lehrhiich der anorg. 
Chem. ii. 459, [1881]) ; this compound is de- 
composed by heat, giving off Nn3 and then a 
white sublimate containing NH,C1; it is soluble 
in alcohol, but is decomposed by cold water with 
production of heat and ammonia, from the solu- 
tion six-sided plates crystallise out, having the 
composition AsjCl^N.JIj^Oy, these arc decomposed 
by cone, ammonia with production of (NHJAsO, 
which soon decomposes (Pasteur, l.c.).— 3. Sul- 
phur dichloridcy SCl.^, is said to form a com- 
pound 2ASCI3.3SCI0, but according to Nilson, the 
product of the action is merely a mixture (J. pr. 
[2] 12, 295). — 4. With alcohol forms easily de- 
composed crystals of AsCla.C^lLO (Do Luynes, 
C. It. 50, 831). 

Arsenic, fluoride of. AsFg (*4;'.scnzo7/5 fluoride). 
Mol. w. 131*9. (G0°*4) (Thorpe, G. J. 37, 352). 
S.G. f ; 2*666 (Thorpe, l.c.). V.D. 66*1. 

S.V.S. 49*5. 

Formation.— By heating sodium or ammo- 
nium lluorido with arsenious bromide or chloride 
(Maeivor, C. N. 30, 169). 

Prc2)a7'ation. —FAqua.\ parts of dry powdered 
fluorspar and arsenious oxide are lioated in a 
leaden vessel with 5 parts cone. H,B04 5 the dis- 
tillate is collected in a dry glass receiver. 

Properties. — A transparent, very volatile, 
fuming, liquid; it acts 'slowly on glass in a 
closed vessel, but exposed to the air it absorbs 
nioisturo with production of ks^0^iy HP 
i which acts on the glass. Dropped on the skin 
it evaporates at once but leaves a painful wound 
(Dumas, .1. Ch. [2] 31, 431). It absorbs dry NHj 
in largo quantities ; miscible with alcohol and 
ether (Maeivor, l.c.). 

Itcaction. —With water it forms a clear 
[ liquid (heat is produced) which soon decomposes 
to As, O b and HF. 

Arsenic, haloid compounds of. AsFj AsClj; 
AsBr., ; AsL, and Aslj, (? AsIJ. All gasified, 
ercept the di- and pent- iodide, and molecular 
weights known ; v. the arts. Aiisenic, fluoride 

OF, CIILOltIDE OF, BUOMIDB OF, IODIDES OF, V . alSO 

art. Haloid compounds. 

Arsenic, hydrides of. (In connection with 
these compounds v. art. Hydrides.) Two 
hydrides are known; gaseous AsIL, and solid 
nAsH. 

I, Arsenic trihydride. AsHb (Arsenuretted 
hydro(jenrArsine).Mo\.\f.m.[-ll3°’lj].( - 54°*8) 
(Olszewski, Sitz. W. By 127) (about -40°). V.D. 
39*1 (Dumas, Ch. 33,355). H.F.- 361,700 

^solid As) (Ogicr, A. Ch. [5] 20, 5). Discovered 
by Schcel^ in 1775. 

Formation.— 1. By dissolving zinc or iron 
in dilute HClAq or H.SO,,Aq containing AS4O, 
or As.^05. — 2. By electrolysis of solution of 
As40gAq or As^O^Aq. — 3. By the action of organic 
matter on many arsenic compounds ; e-g, the 
action of paper on Scheele's green (the air of 





rpona ihe paper 6n the walb ol iti 

iM)loared with ^hede's green usually oohtains a 
little AsH,). 

Privation , — 1. By the action of water, or 
better very dilute HCl or I1..SO,, on the solid 
alloy of As and Na which is obtained by heating 
Na in AsHj obtained by the action of acids on 
Zn containing As (Janowsky, B. G, 210).— 2. By 
the action of H.SO, diluted with 3 times its 
weight of water on the alloy of As and Zn ob- 
tained by heating equal parts of finely granu- 
lated Zn and powdered As in a covered crucible 
(Soubeiran, A. Ch. [2] 23, 307 ; 43, 207). The 
gas is collected over boiled water. 

Properties.— k colourless gas with repulsive 
odour ; excessively poisonous (in working with 
this gas it is impossible to be too careful ; more 
than one chemist has been killed by it, e.(j. 
Gehlen in 1815). Easily decomposed by heat 
into its elements even when mixed with much 
hydrogen. By the action of the silent electric 
discharge it yields solid As liydride (Ogier, A. 
Oh. [5] 20, 5). Slightly soluble in water. i)ry 
oxygen has no action at ordinary temperatures. 

Eeaciiuns. — 1. Heated in air it burns to 
As^Ort and H.^0 ; in a limited supply of air, to As 
and HjO. — 2. ^lixed with oxygen and subjected 
to electric discharge, complete decomposition to 
As., O h and occurs explosively.— 3. Concen- 
trated acids decompose it into its elements; 
cone. ll.,hJO,Aq forms also As,S, (llumpert, J, 
pr. 94, 392) ; cone. HClAq acting for some 
time forms also AsCl, (Napoli, J. (14,93). — 
4. Decomposed by chlorine, bromine, or iodine, 
with prcduction of much licat and formation of 
lialoid compounds of As. — 5. Sulphuretted 
hydrogen at about 300° forms As.^Sj and H. — 
0. Tha haloid acids IICI, HBr, HI, are without 
action on AsII, at ordinary temperatures. — 

7. Heated with sulphur, As_.S;, and ll.S are pro- 
duced (.Tones, G. J. [2J il, (Us).-8. Keacts 
with rCl;, to produce AsP and HCl (v. Ahsk.nic, 
Cpinbinations of, No. 8).— 9. Many metals, e.g. 
Kj'^Na, Sn, heated in AsII, form alloys witli As 
and set free H. — 10. Many metallic oxides, e.g. 
CuO, decompose AsH., when heated with it, 
forming arsenides and water (the qu.antity of 
AsH;, in a gaseous mixture may be thus de- 
termined). — 11. Absorbedand slowly decomposed 
by alkalis, and by wafer containing oxygen or 
air. — 12. Many metallic salts in aqueous solu- 
tions absorb and decompose ASH3 ; salts of 
metals whose oxides are easily deoxidised 
produce water and arsenious oxide ; salts of 
metals whose oxides are not so easily deoxidised 
produce water and arsenic which is precipitated 
with the metal. Thus with (1) AgNO,, and (2) 
CuSO„ solution, the Reactions are 

(1) 24AgN03Aq + dAsIIj + GH.,0 ^ 

A8,0„Aq + 24IINO,Aq + 21Ag ; 

(2) 2 AsH;, + 3CuSO , Aq ■= AsXUa •} 31f ,SO .Acp 
Gold chloride in solution is reduced to gold, 
while As, O h remains in solution. 

References. —(Besides those in the text) Marsh, 
B. J. 17, 191 ; 20, 190 ; 22, 175 ; «tromeyer, 
Comment. Soc. Quit. 16, 141 ; Proust, Scher. J. 

8 , 285 ; Fischer, P. 9, 261 ; Myers, A. 159, 127 ; 
Parsons, C. N. 35, 235. 

II. Solid aiisenio hydride, nAsH. Mol. w. 
unknown. Janowsky (J5. 6, 220) states that 
vhen potassium or sodium arsenide is decom- 


posed WfttST;, i splid, brown, velvetdike, eott- 
ponsd ol As and H, in the ratio A6;H, separates 
out. When dilute acids are used in place of water, 
AsHj is evolved and As deposited. According 
to Ogier (^4. Ch. [6] 20, 6), solid nAsH is pro- 
duced by the action of the silent discharge on 
Asllj. Older observations recorded the produc- 
tion of a solid compound of As and H by the 
action of dilute acids on arsenide of zinc 
{v. especially Wiederhold, P. 118, 615), but tlieso 
tire contradicted by Janowsky {l.c.). According 
to Blondlot (.^4. Ch. [3] 68, 186), a solid hydride 
of arsenic is produced (1) in a Marsh’s apparatus 
when a little IINO3 is present, and (2) when 
AsII, is passed into aqiieoms AgNO^, excess of 
Ag is removed by adding NaCl, a drop ol HNO^Aq 
is added, and a piece of Zn is placed in the 
liquid. 

Arsenic, hydroxides of. Tho compounds of 
As, 0, and H, arc acids; v . Ausenu), acids of 
(v. also arts. Acins, and IIyduoxides). 

Arsenic, iodides of. 

I. Arsenious iodide, Asia {Triiodide of ar- 
senic). Mol. w. 454-59. (394° to 414°) (Carnelley 
a. Willi.ams, G. J. 33, 283). S.G. 4-39. V.D. 
227*3. S. 30-12 at 100°. H.F. solid As, gaseous 
I [As, PJ -28,800 (Guntz, G. R. 101, IGl). S.V.S. 
103-6. 

Formation. — 1. By subliming together 1 part 
As and 3 parts I in a retort arranged so that tho 
sublimate condenses in the neck ; the sublimate 
is trcjited with hot alcohol from whicli the Asl* 
crystallises on cooling (Bette, .4. 33, 349). — 2. By 
boiling 3 parts powdered As and 10 parts I with 
water, (iltoring, and evaporating (Plisson, S. 55, 
335).— 3. By acting on AsClj witli cone. HI 
solution [HCl is evolved] (llautefeuille, Bl. [2] 
7, 198).— 4. By adding a concentrated solution 
of KI to a hot solution of As,Oh in llCIAq (Bam- 
berger a. Philipp, B. 14, 2643). 

Preparation.— A saturated solution of iodine 
in ether is heated to boiling with excess of 
powdered As in a flask with an uj) right con- 
denser ; tho liquid is filtered while hot : on 
cooling, well-formed crystals of AsL, are obtained 
(Wiggers, Michaclis’s Lehrbuch dcr anorgan. 
Chem. [1881] 2, 462). 

Properties and Pewf ions.— Lustrous, red, 
hexagonal, tables, arc -1:2-998 (details of cryst. 
form, V . Friedliindcr, Z. K. 3, 214). Soluble in 
alcohol, ether, benzene, &c. ; soluble in much 
water; soluble without change in alcohol; de- 
composed by a little water with formation ol 
4AsOI.3As, O,,. 2411^0 ; action of boiling il.^O pro- 
duces AsOI.A qOfl which dtqiosits on cooling 
(Wallace, P. iU. [4] 17, 122). 

Combinations. — 1. Witli iodides of the alkali 
metals to form very unstable corni)Ounds (Nicking, 
C. li. 48, 237).— 2. When ammonia is passed 
into a solution of AsT, in benzene, a bulky white 
pp. of 2AHI3.9NH, hi produced (Bamberger a* 
Philipp, B. 14, 2613). 

Reactions.— 1. Heated with oxygen, iodine i» 
evolved and As^Oa is produced.— 2. Heated with 
alcohol, ethylic iodide ia formed (Bambergef a* 
Philipp, B. 14, 2643). 

II. Arsenic diiodide. AbL (Bamberger a# 
Philipp, B. 14, 2643). Mol. w. unknown. 

Preparation.— Qno part As is heated with 8 
parts I to 230° in a sealed tube, the product is 
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dissolved in OS, in an atmosphere of 00„ and 
the liquid is allowed to deposit crystals. 

Properties.— Thin prisms of a dark cherry- 
red colour. 

Reactions.— Very easily oxidised. Decom- 
posed by water to Asl, and As ; (3As I, =» 

4 * 

III. Ahsknio pentiodidk. According to Sloan 
(C. N. 4(5, 104) a brown crystalline solid, con- 
taining As and I in the ratio As:5I, is obtained 
by heating As with a slight excess of I to 100° 
for some time in an atmosphere of CO^. Tho 
body is easily decomposed to Asl^ and I, by heat 
or by solution in ether or CS._,. 

Arsenic, oxides of. (In connection with 
these compounds, v. art. Oxides.) Arsenic forms 
two well-defined oxides, arsenious oxide As,0^, 
which has been gasified ; and arsenic oxide, As-.O^, 
which has not been gasified : both act as anhy- 
drides ; the acid corresponding to the former is 
not known, b nt many ar sen ites, M.,As 03 , have been 
prepared. Throe arsenic acids are known corre- 
sponding in composition to the three phosphoric 
acids, two of tliese exist only as solids, they all 
readily lose water yielding the anhydride As./).,. 
The greyish film wliich forms on the surface of 
arsenic exposed to the air has been regarded as 
a auboxid(?, but no definite proof of the existence 
of an oxide with less 0 than As^O,, has been 
given. 

I. Ausknious Oxide. As^O,,. Mol. w. 395‘3(). 
(Arsenic trioxidc, White arsenic, Arsenious an- 
hydride, Arsenioics acid.) Vitreous As^O„ melts 
Linder pressure, crystalline vaporises without 
melting (Wohler, dm. 4, 255). S.G. vitreous 
3*608 to 3*738 ; oryst. 3*85 to 4*15 (v. Claudct, 
C. J. [2] 6,179, and Groth, P.137, 426). V.D. 198 
/atwhitehcat, V. Moyer, P. 12, 1117). C.E. (cubic 
at 40°) *00012378 (Fizeau, C. 11. 62, 1133). S. 
(13°) vitreous, 4 ; cryst. 1*2 to 1*3. S. (100'^) 11 
(Bussy, A. 64, 280). S. (15° standing for some 
days) cryst. *28 ; vitreous *92, S. (saturated at 
100° and then cooled to lO'^) cryst. 218 ; 
vitreous, 3*33 (Buchner, J. Ph. [3J 1, 421). 
B. (alcohol, 15°) cryst. *25 ; vitreous, 1*00 
(Girardiii, J. Ph. [3] 40, 269). S. (ether) 0. 
k.F. 309,310; H.F. in aqueous solution, 
294,240 ; [As'0«,Aql = - 15,100 (Th. 2, 236). S.U. 
cryst. *1279. S.V.S. vitreous, 106*3, cryst. 98*9. 

Occurrence.— Native, as the mineral Arsenite 
{or Arsenolite) ; whenever arsenic volatilises in 
contact with air, or arsonic-containing minerals 
are heated in air. 

Pny)a;nrt^:i.— Obtained as a principal pro- 
duct in the roasting of arsenical pyrites, and as 
a secondary ])r()duct in the roasting of arsenical 
ores of Sn, Co, Ni, or Ag. Tlie oxide is condensed 
in chnuilicrs, and purified by rcsublimation. 
Extremely poisonous; doses of 0*6 gram are 
usually fatal (but v. lloscoe 'On tho alleged 
Practice of Arsenic-eating in Styria,’ Mem. of 
Lit. and Phil. Soc. of Manchester, 1860). 

Properties.— Yixiaiii in three forms, amor- 
phous, re(]iilir octahedra, and trimctric prisms 
{a:b:c: = •3758:1: *35) ; tho first passes slowly into 
the second form on keeping ; the third is ob- 
tained under special conditions (v. infra). The 
change from amorphous to octahedral arsenious 
oxide is attended with production of 5,300 gram- 
units of heat, and that from amorphous to pris- 
matic \Yith 24,950 units per As grams (Favre; 


Troost and Hautefeuille, 0. P. 69, 48). Amor* 
phous arseuiotts oxide is produced by con- 
densing the vapour on a surface slightly cooler 
than the temperature of volatilisation of the oxide; 
it is a transparent glass-liko solid which gradu- 
ally becomes opaque because of formation of 
octahedral crystals. The octahedral oxide is 
produced by cooling the vapour quickly; by 
crystallising either of the other forms from 
water; by treating the amorphous form with 
ammonia solution and washing with water. 
This form is obtained pure by fusing commercial 
arsenious oxide with carbonate of sodium and 
nitre, dissolving the arsenate of sodium so formed 
in water, filtering from sodium antimonate which 
remains, and reducing with SOj solution. Ac- 
cording to H. Bose (P. 35, 48i) a solution of 
2-3 parts amorphous As^Oy in 12 parts boiling 
cone. llClAq deposits crystals of tho octahedral 
oxide when very slowly cooled, the formation 
of each crystal being accompanied by a Hash of 
light; a similar solution of the crystalline 
oxide does not bohavo in this way. The tri- 
m e t r i c p r i s m a t i c variety of As ,0 b is obtained 
by saturating with As,0,;, and then allowing to 
cool, a boiling solution of potash (Pasteur, C. li. 
24, 474); Wolilor found this oxido in an oven in 
whicli arsenical ores had been roasted (P. 26, 
177) ; Claudot found it native at San Domingos, 
in Portugal (0. J. [2] 6, 179) ; Kiilin obtained if# 
from a solution of AgaAsO, in HNO^ (J. 1852. 
378 ; V. also Uhricli, J. 1858. 173) ; Sclieurer- 
Kestner found it in pipes leading from the 
pyrites burners to tlio cliainbcrs of a sulphuric 
acid works (Bl. [2] 10,414). Tho three forms 
of As,0., may bo obtained, according to Dcbray 
(C. Li. 58, 1209), by heating tho oxide in a closed 
glass tube half immersed jn sand, in an upright 
position, tlie luwin* part being at about 400^; on 
cooling, tho lowest part of tho tube contains 
amorphous, tho middle part trimetric crystals, 
and tlie uppermost part octahedral crystals, 
of A3,G,,. Arsenious oxide is iso-dimorphous 
with antimonious oxide. The vitreous (amor- 
phous) variety may be fused before volatilising ; 
the crystalline siildirncs without melting, even 
under pressure (Wohler, Gm. 4, 255). Tlie 
vapour is colourless and inodorous. The solu- 
bilities in water of the three forms are dilTerent 
(v. supra)’, long-continued contact witli hot water 
decreases the solubility of tho vitreous form 
inasmuch as it is thus changed to tlie octahedral 
form. Many acids dissolve As^O„, the vitreous 
more rapidly than tin crystalline varieties 
(Bacaloglo, /. pr. 83, 111) ; from these solutions 
the oxide crystallises on cooling; in the case of 
IIClAq some AsClj remains in solution, tartaric 
acid is, however, said to forma salt analogous to 
tartar emetic. An aqueous solution of As^O^ 
slightly reddens litmus, but no acid has been 
obtained m definite form. The oxide must be 
regarded as a feebly acid-forming oxide possessing 
at the same time salt-forming tendencies (v. 
Ausrnioub acid and Ausenites ; and also, infra. 
Reactions}^ especially Nos. 2, 10, and 11 ; and 
Combinations, No. 2). 

jRcoctioas. —Arsenious oxide acts both as a 
reducing and an oxidising agent ; it deoxidises 
nitric, manganic, chromic, hypochlorous, acids, 
(&c., with formation of arsenic acid ; it oxidises 
carbon, sulphur, phosphorus, hydrogen, sodium, 
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potassium, oarbon monoside, potassium cyanide 
&o., when heated with these bodies. The oxide in 
solution is oxidised to arsenio oxide by chlorine, 
bromine, or iodine, in presence of alkaline bioar- 
bonates; on this fact is based the use of As,0„.\<j 
in volumetric analysis. 1. Chlorine passed over 
the dry oxide at a moderate temperature forms 
AsClj (Weber, P. 112, 619) ; in solution chlorine 
produces arsenic acid and HGlAq ; iodine and 
bromine act similarly in presence of alkaline 
bicarbonates.— 2. Hydrochloric acid forms some 
AsClg, but in presence of HNOj, or KCIO., only 
As.Ps is produced. — 3. Free oxygen does not 
oxidise As,Oy at ordinary temperatures, but if a 
plate of Pt is partly immersed in solution of 
As 40 fl in HCIAq the oxyj^en coming olf from the 
Pt produces As.O., (Herthelot, G. U. 84, 1408). — 
4. An aqueous solution of As^O^ heated to 200^ 
with plLOsplMrus yields phosphide of ar.senic 
(Oppenheim, BL [2] 1, 163).— 5. Na ainalyam 
appears to reduce ASjO^Aq with production of a 
solution which acts as an energetic reducer 
(Premy , G. R. 70, 61). — G. Phosphorus trichloride 
reacts at llO'^-l'iO^ according to the equation 
SAs.O.Ao + l' 2 VC[, - 2 A 3,, + OPAAq + 12AsCl,Aq 
(Michaolis, J. Z. 6, 239). — 7. Phosphorus penta- 
chluridr. produces AsGl., and POClj (Hurtzig 
a. Geuthcr, ^1. Ill, 159).— 8. Wlion As,0,Aq 
is shaken with ammonia solution, an unstable 
compound is formed (Do Luynes, C, R. 44, 
1353). — 0. Phosphorous and hypophosphorous 
nofd.s precipitate arsenic and produce phos[»horic 
acid, — 10. Sulphydric acid (IPS) passed into an 
aqueous solntimi of As,0,. forms As^Sj which is 
ppd, on addition of an acid {v. Aushnious sul- 
ruiDK). — 11. Ammonium hydrogen tartrate solu- 
tion is said to dissolve A3,0,j i cooling, crystals 
of a double salt isomorphous with tartar emetic 
separate out (Marignac, Ann. M, [5] 15, 288). 
Pelouze (.1. Gh. [8] 6, 63) describes a somewhat 
similar salt containing K in place of NH,. 
Neither tartrate has, however, boon satis- 
factorily examined. — 12. Heated in a tube with 
a dry acetate, cacodyl oxide, As.j(Cn.,),0, is pro- 
duced. — 13. Iloatcd with dry alkaline earth 
. oxides or with dry carbonates of the fixed alkalis, 
an arsenate of the metal is produced along with 
arsenic which sub limo.s. — 14. Theoxidodi.ssolves 
in hot solutions of the alkalis but most of it 
pps. again on cooling in the air {v. Aksenious 
ACID AND ARSEsrn:s). — 15. The higher oxulised 
compounds of many viclals are reduced by 
As,0,i; thus CuO is reduced to GuoO, in presence 
of alkali. — 16. Many metals, e.g. zinc, reduce acid 
solutions of As,0„ with ppn. of As and formation 
of AsII.,.— 17. A8,0 ,,Ai is reduced by a Cu-Zn 
couple with formation of AsH, (Gladstone a. 
Tribe, G. J. 33, 306).— 18. Palladium or pla- 
tinum cluirged loith hydrogen separates As from 
AsA Aq without formation of AsH, (^Gladstone, 
I.C.). — 19. Some victallic salts which act as 
reducing agents convert the oxide into arsenic ; 
e.g, SnClj A(j produces SnCl^, As, and AsHj 
(Kessler, J. 1861, 265).— 20. Freshly ppd. ferric 
hydrate reacts with As,OuAq or wfth alkaline 
arsenites to form an insoluble compound, pro- 
bably arsenite of iron ; on this fact is based the 
use of ferric hydrate as an antidote in cases of 
arsenic poisoning [v. Bunsen and Berthold, 
Das Eisenoxydhydrat, ein Oegengift der arseni- 
gen Sdure, Gottingen, 1834). 


Comhinatione,-^!, Fused with arssnio oxide 
the body A8.0„.AS;.0. is probably produced 
(Bloxam, 0, J, 18, 62). Other compounds of 
AsA ®-od As^j are obtained by oxidising As ,0. 
by warm HNO,Aq (v. Joly, G. R. 100, 1221).— 
2. Dissolves in f tuning sulphuric acid; on evapo- 
ration yields needle-shaped crystals of As,0„.4SO, 
which are decomposed by water (Scliultz-Shellao, 
D. 4, 109, gives the formula A 

compound of As^O,, and SOj was obtained by 
Schafhiiutl {B. J. 22, 113), in the fumes from 
copper-smelting works in Wales ; and by Reich 
in a canal which carried off the sulphurous acid 
from a pyrites work near Freiberg {J. pr. 90, 
176). — 3. By cooling mixed liot atjueoiis solu- 
tions of KI, KJk, or KCl, and KAsO,, the com- 
pounds AsA-hi, AsA-NBr, and As ,0,. KCl, 
are obtained (Hiidorff, B. 18, 1111; v. also 
Schiff a. Sestini, A. 228, 72). Hiidorff (B. 19, 
2678) also describes NIIJ.ASjO^, NH^Br.As^O„, 
and 2NH.,C1.A3A* P’orms a complex series of 
compounds with M 0 O 3 and Wt);, and various 
bases (v. Gibbs, Atti. 7, 209 a. 3i3 ; G. N. 48, 
155). 

II. Absenio OXIDE. As A* Mol. w. unknown; 
not less than that represented by formula. {Arse- 
nic pentoxide, Arsenic anhydride.) S.G. 3-734 
(fused oxide). S.V.S. 61-6. ' II.F. 219, 100 ; H.F. 
in aqueous solution, 225,400. [As-0'Aq,0*] 
= 78,350 {Th. 2, 23(5). 

Preparation.— lAoi produced by heating 
arsenic in air or oxygen. If arsenic or arsenious 
oxide is digested with IIN().,Aq, or with a mixture 
of 1 part HCIAq and 12 parts llNO^Aq in a 
retort, or if chlorine is led into a warm solution 
of AsAji arsenic acid, HjAsO^, is iiroducod and 
may be obtained as crystals by cooling a con- 
centrated solution. When this acid is lieatedto 
low redness the anhydride AsAs is produced. 

Properties . — A white solid which slowly 
absorbs moisture from the air witli formation of 
HaAsO^Aq. Slowly but completr 3 ly dissolves in 
water forming HaAsO^Aq. Heated above low 
redness it yields As Ao and 0. 

Reactions. — 1. lleated with charcoal, many 
metals, or potassium cyanide, it yields As. — 

2. Heated with cone, hydrochloric acid it yields 
AsClj ; with HCl gas even in the cold the same 
product is obtained (Souchay, Fr. 1, 189 ; 
Mayrhofer, A. 158, 326). — 3. Reacts with 
phosphorus peiitachloride thus : As^Oj + SPClj « 
5POC1., -h 2 CI 2 2 A 8 GI 3 (Hurtzig a. Geuthor, A, 

3, 159). — 4. According to Michaelis {J. Z. 6 , 
239), the oxide is not acted on % POCI 3 even 
at 200^.— 5. Reduced in aqueous solution by 
nascent hydrogen with formation of AsH, ; but 
if chlorides are present only a trace of AsH, is 
produced according to Bloxam (C. J. 16, 56). — 6. 
Slamwus chloride, in the cold, produces stannoua 
pyroarseiiato and arsenite, in warm solutions 
produces arsenio and AsH, (Schiff, J. 1861. 278 ; 
Kessler, ibid. 265).— 7. With water it reacts 
to produce arsenic acid, HjAsO^Aq. July (C. B. 
106, 1262) describes a hydrate AsAi-dHjO. 
Arsenic oxide reacts as a strongly aoid-forming 
oxide and exhibits no tendency to form 
corresponding salts by reactions with acids 
{v. e.g. reaction with HCIAq). — 8. Forms a 
largo series of compounds with MoO, or WO, 
and bases (v. Gibbs, Am. 7, 209 a. 318 ; 0* N* 
48, 155). 
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Aneiii«, oxj^romUef ol 
imhus add ) ; and ?A 840 ^r,. Mol. w. unknown, 
n€it ItBB than represented by above formuli®. 

Formation. — AsOBr is produced by the action 
of HjO in limited quantity on AsBrg. 

Preparation.— Arsoniom oxide is dissolved 
In molten AsBrj; the dark viscid liquid which 
results is distilled till it becomes rather thick, 
and is then cooled to 150'" whereat it separates 
into two layers, the upper of wliich contains the 
oxybromidc AsOBr, and the lower probably con- 
tains the other oxybromido A^O^Bra (Wallace, 
P. M. [4] 17, 201). 

Properties.— lirowiif waxy, solid. Decom- 
posed by heat to AsBr-, and As,Oa. 

Combinalions. With u:atcr\ a hydrate of 
arsenic oxybromido, 2AsOBr.dli.X) is obtained 
as thin white pearly crystals by placing a cold 
concentrated aqueous solution of AsBrj, con- 
taining H13r, over sulphuric acid (Wallace, l.c.). 
If the solution of AsBr^ in HBr is boiled, another 
compound, said to have the composition 
4A8Bra.llAs*0„.21H..0, separates out (Wallace, 
Ic.). 

Arsenic, oxychlorides of. AsOCl {Ghlorar- 
seniozis acM) ; and AsaOjCl. Mol. wa. unknown, 
not leas than represented by above forrauhr. 

Firrmaiion.—Whm AsClg is mixed with less 
than suflicii’iit water to completely decompose it, 
AsOCl is formed. 

Preparation of AsOCl. — By distilling until 
frothing begins the liijuid obtained (a) by dis- 
solving As,0,, in boiling AsCl., in the proportion 
A8,,0,. : 2AsCl.„ or (b) by leading dry IICl gas 
over dry warm As,0„ until almost the whole of 
the latt(‘r has been changed to AsCla, and allow- 
ing to cool. 

Properties of AsOCl. — Obtained as above, it 
is a hard, translucent, slightly-fuining solid 
which slowly absorbs oxygon from the air 
(Wallace, P. M. [4J Itl, 358 ; Hnrtzig a. Geutlier, 
A. Ill, 172). 

Coinhinations.— l. A solution of AsClj in 
cone. IlClAq mixed with solid ammonium 
chloride, and allowed to stand, deposits crystals 
of AsOCl. H.jO, hut after some days wdiite fibrous 
needles are formed, which, when dried over 
H.SO^, have the composition AsOC1.2NH^Cl. — 2. 
With water \ a hydrate of AsOCl, having tlie 
composition AsOCI.IT.^0 ( As(011).;Cl) is obtained 
by adding water i.o AsClj in about the propor- 
tion 81l20:AsCl3 and allow'ing to stand for some 
days. The hydrate forms small star-like crystals 
(Wallace, l.c.^ 

AsaO^Cl is said to bo obtained, as a hard, 
glass-iike solid, when AsOCl is heated until 
begins to sublime from it (about 218^) 
(Wallace, he.). 

Arsenic, oxyiodide of. AsOI.ASjOa. Mol. w. 
unknown. Produced in thin pearly laminro, 
according to Wallace (P. M. [4] 17, 122) by 
slowly cooling a hot cone, solution of Asl, in 
H.jO, drying between lilter paper, and then over 
H,SO^. 

Arsenic, pentafluoride of; double compounds 
COntainmg. No gaseous compound of arsenic 
of the type AsXj, where X is a monovalent atom 
or atomic group, has yet been obtained. Solid 
compounds are, however, known, one of the 
constituents of which seems to be the group 
AsF„. The following are described by Marignac 
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d(EFJlLsFJ.H 20 $ formed in well-developed 
rhombic prisms by dissolving potassium arse* 
Date in much hydrofluoric acid. — 2. Potassxc* 
arsenic oxyfluoride, KP.AsOP3.H2O ; formed is 
acute rhombic plates by repeated evaporatios 
of the solution from which compound No. 1 
is obtained, or by dissolving potassium arsenate 
in a small quantity of HPAq.- .3. Dipotassic- 
arsenic fluoride. 2KF.AsF5.IIi:<^ J largo, lustrous, 
rhombic prisms, obtained by adding KPAq to 
a solution in HFAq of either of the preceding 
salts, and evaporating.— 4. The double salt 
4KP.AsPi.As0Fs.31l20 is said to be produced 
when a solution in IIFAq of salt No. 3 is 
repeatedly evaporated. 

Arsenic, phosphide of, v. Arsenic, Combina- 
tions, No. 8. 

Arsenic, selenidos of, and Seleno-sulphidet 

of, V. Arsenic, Combinations, No. 7. 

Arsenic, sulphides of. (In connection with 
these compounds v. art. Sulpuidks.) Three 
sulphides of arsenic are known; AS2S2, AB2B3, 
and AS2S3. None of these has been gasified, 
hence the formuho do not necessarily represent 
molecules of the compounds. As.^Sj and 
AS0S3 occur native as licalgar and Orpiment 
respectively. The two sulphides As.Hj a! id 
ASaSj are salt-forming ; they dissolve in alkali 
sulphides with production of thio-arsenites 
M3ASS3 &c., or thio-arsenates M3ASS, etc. {v, 
infra). The disulphide, As.^S.* is not salt-forming ; 
Berzelius’s statement that it combines with 
various metallic sulphides has been shown to bo 
erroneous (Nilson, B. 4, 289). 

I. Arsenic disulphide. As.^Sj [Pealgar^ 
Red orpiment, Ruby sulphtu). S.G. 3*4 -3‘6. 
H. 1*6-2. Mol. w. unknown. S.V.S. 61*1. 

Occun'cnce. — Native, as* Realgar, accompany- 
ing ores of silver and lead, &c. 

Preparation. — 1. By heating together As and 

5, or As^Sa with As, in the proper proportions. — 

2. By heating A8,Op with B, in the proportion 
A8^0 o: 7S, repeatedly subliming the mass from 
end to end of a glass tnbo in a stream of CO.^ 
(Nilson, J. pr. [2J 8, 89). — 3. By heating As.^Sg 
with NaHCO,,Aq in a closed tube to 150°; 
crystals are thus obtained mrn. long (S6uar- 

' mont, A. 0/t. [3] 82, 129).— 4. On the large scale, 
impure, containing As^Oh (llausiiiann, A. 74, 
196), by subliming a mixture of arsenical pyrites 
add iron pyrites. 

Properties. — Occurs native in monoclinio 
prisms, a'.h'.c = 1'32:1:*4860 ; 0 = 85°16' ; orange- 
red, more or less translucent, resinous lustre, con- 
choidal fracture. Pure A82S., is transparent, ruby 
colour, easily fusible, and crystalline after fusion ; 

I it burns in the air with a blue flame forming BO* 

I and As^Ofl. It is used as a pigment, also in pyro- 
techny. 

Reactions. — 1. Nitric acid oxidises ASjSj to 
HsAsO,, ILSOsAq, H2S04Aq, and S.— 2. Heated 
in a current of chlorine, SoClj and AsClj are pro- 
duced (Nilson, J. pr. [2J 12, 295; 13, 1). — 

3. Heated fn hydrogen. As and H2S are formed 
(N.).— 4. Solution of potash partially dissolves 
As-Ho, with formation of AS2S3 which then 
forms KAsS.Aq, and production of As (N.). — 

6. It is slightly soluble in solutions of tho 
alkali-metal sulphides.—^. It is electrolused 

. to As and S by a powerful battery (Lapschiii* 





1So^^ow{ts^i 0 . <?. p] dis).— 7. Heated 

wiiii tddtne, the oompoand As 3 SaJL 8 l,(>-AflSI) ii 
prodpoed (l^hneider, J.pr. [2] 28, 486). 

II. Amenio trisulphide. AsjS, {Arse7iwus sul- 
phide, Sulpharsenious anhydride, Orpinient, 
Yellow sulphide of arsenic). Mol. w. unknown. 
B.G. 3*46-3-48. S.V.S. 701). 

Occurrence.— as Otpiment. 

Formation.— 1. By heating to 70®-80° a so- 
lution of Na^CO;, saturated with AS;,S3 (Nilson, 
/.nr. [2] 12, 295; 13, 1).— 2. Impure, commer- 
cial, by subliming together 7 parts powdered 
Ab^Oq with 1 part S. 

Preparation. — 1. By subliming together As 
and S in the proper proportions. - 2. By satu- 
rating ASjOflAq with H^S a little HClAq being 
added. If no mineral acid is added the As.^S^ 
produced remains in solution in a colloidal form 
(Schneider, J.pr. [2J 25, 431). 

Properties. - Occurs nativoin trimetric prisms 
{a'.hx - -003:1: -074) translucent, lemon- or slightly 
orange-yellow. Prepared in the wet way it 
forms a lemon-yellow powder which becomes 
darker when heated. Melts easily and volati- 
lises at a higher temperature. When HoS is 
passed into As,Oj;Aq, ASoS., is formed but remains 
in solution in colloidal form ; a saturated so- 
lution contains 34-10 p.c. As.^Sj; it is slowly 
decomposed on standing, but may be boiled 
without precipitation of As.S., ; bone char re- 
moves all the As.Sg from solution ; most acids 
and many salts precipitate AsBg (Schneider, 
J.pr, [2] 25, 431). Used as a pigment, also as 
a reducing agent in dyeing, also as a depi- 
latory. 

lieactions. — 1. Long-continued action of hot 
water produces IPS and As^O^Aq according to 
Field (0. iV. 3, 114).- -2. Dilute acids do not act 
on As-^Sa; cone. HClAq produces AsCl., ; cone. 
HNOgAq produces I[.HO,Aq, S, and HgAsO^Aq. 

3. Fused with potassiinn-hydrorfen sulphate, 
SOa is evolved, and KHAsO.^ and K.SO^ remain. 

4. Chlorine acts readily, a brown liquid is 
formed said to bo a chlorosulphideoE As (ll.llosc) ; 
heated with chlorine, AsClgis produced (Ludwig, 
Ar, Ph. 97, 23).— 5. Passed over hot iron, silver, 
Ac., sulphide of the metal is formed, and arsenic 
which partially alloys with the metal. — 6. Passed 
over red-hot lime, sulphide and arsenate of 
calcium, and arsenic are produced.- 7. Heated 
with sodium or potassium carbonate, a mirror sf 
As is obtained, along with arsenate and tliio- j 
arsenate of the alkali metal ; if the mixture is \ 
heated in hydrogen the arsenate is reduced 
(Bose, P. 90, 565).— H. Heated with an alkaline 
carbonate and charcoal or potassium cyanide, a 
mirror of As is obtained; according to Fresenius 
(A. 49, 287), the whole of the As in the As,.S., is 
thus obtained ; according to Bose {Ph. C. 1853. 
594), some of the As forms thio-arsenffte (KCNS 
being also produced) which is not reduced. No | 
mirror of As is obtained (Hose) if As^Sg is mixed ; 
with excess of S and heated with KCN ; the | 
presence of an easily reduced metal if also said ; 
to prevent the formation of As, because the As 
alloys with the metal. If the mixture of As^S, 
with Na-gCOg (or K^COj) and KCN is heated in 
hydrogen, the whole of the arsenic is obtained as 
metal (comp. Bose, P. 90, 565, with Nilson, A. 
40^ 287).— 9. ASjS, readily dissolves in cold 


aqueous pofash or {mmonia, forming an 
arfenite and a thio^arsenite ; thus : 

2A8,S, + 4KOHAq« 

KAs0.^q + SKAsSjAq + 2H.0 ; 
on adding an acid to the solution tlie whole of 
the As is ijrecipitated as As.S., ; thus : 

KAsOgAq -I- 3KAsSgAq + 41 IClAq = 
4KClAq-t-2As,S3-»-2H,0. 

If oxide of Ag or Pb is added to a solution 
of As^Sj in NII.,Aq and tlie solution is boiled, 
the whole of the S is prccipitiikd as Ag.,S or 
PbS, and Ag or Pb arsenite remains in solution. 
10. When Ab-^S., is boiled with a solution of 
sodium or potassium carbonate, As.S^ is precipi- 
tated, CO.^ and H..S are evolved, and the solution 
contains tho following salts, Na.B.3As.,S3 ; 
Na.,0.2As.^S302 ; Na^jAsS,; NaJlAsO,; NallCOj; 
(Nilson, J. pr. [2] 14, 1, 115).— U. As.Bg is 
easily soluble in a hot solution of potassium- 
hydrogcit sulphite; thus, 2As.,S3 + lGKHSO,,Aq = 
4kAs6,Aq 4 (>K,S,0,A(i + 7SO,Aq f 3S + 8H,0. 

Combinations.— n-t^ts as a salt-forming 
sulphide, or anhydride of a thio-acid ; it com- 
bines with tho sulphides of tho alkali and 
! alkaline earth metals, and with some metallic 
I hydrosulphides, to form thio-arseniles {q.v. under 
I Aksexic, tmio-acids of). The following are the 
typical rcaclioiKs; 

1. As..S3 + K..SAq-2(AsS.SKAq). 

2. As-X-I 61sMI,JISAq = 2(As.(SNH,).Aq) + 3HjS. 

3. As,S3 + 2(NH,),SAq = A8,S(SNH,),Aq. 

HI. — AkSENIU rENTASULrillDE. As.S, {Per- 
sulphide of Arsenic). Mol. w. nnknowii. 

Preparation.— 1. By molting As with con- 
siderable excess of S, a thin, tnuisparent, liquid 
is obtained wliich solidities to an elastic mass, 
and after some time becomes hard ; if this hard 
solid is powdered and treated with NHgAq a 
1 solution of Ah.^Sj is obtained from which the 
1 sulphide is thrown down on addition of HClAq 
I (Gclls, A. Ch. [4j 30, 114).- 2. A solution ct 
I Na..S is digested with As.Sg and ( nough H to 
; form As.S.,, on evaporating and cooling large 
' crystals * of 2Na.,AsS^.15H.,0 are obtained 
(llammelsberg, P. 62, 249 ; 90; 40) ; when HClAq 
is added to a solution of this salt, As„Sj is pre- 
cijiitated and TL^S is evolved (Fuchs, Fr. 1, 189 ; 
Fliickiger, Vicrteljahrsschr. pr. Pharm. 12, 330; 
Eckert, ibid. 13, 357). Tho product of tho 
action of ILS on HgAsO^Aq is 7wt As.^S^, as was 
^ once supposed, but is a mixture of A.S3H3 and S 

(2H.,AsO,Aq + 2H,S = As..O.,Aq + 611,0 + S, ; 
As,0,Aq + 3n.,S = As,S 3 4 311,6) Iv. Ludwigs 
Ar. Ph. [2] 97*, 32 ; also Ii. HohoTIa 107, 186). 

Propei'ties.—A yellow powder, easily fusible; 
may bo sublimed in a stream of a gas which 
docs not act on it. 

lieactions.— 1. Heated in a stream of 
hydroge 7 i, it is rcducei! to metallic As, and H.2S. 
2. Dissolves easily in ammonia, potash, and 
soda solutions, with production of thio-arsenate^ 
and arsenate, of the alkali metal. — 3. Dissolvoft 
easily in solutions of alkali sulphides, forming 
thio-arsenates. The sulphide As.^Sj behaves a» 
a salt-forming compound, or as the anhydride 
I of Ihio-arsenic acid ; the salts which are generally 
formed directly from it are pyro-thio-arsenat€«l 
M4AS3S, ; these yield two other scries of sal^ 
viz. ortho-thio-arsenates MjAsfl*, and meta-thU^ 
arsenates MAsS, {v. AnsEric, laio-AciDS of). 
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Arienio, iiUplio-aoidf of, Aboenio tbxo- 

JLOIDS OF. 

Arienlo, sulpho- (or thio-) bromide of, 
ABS.;Br,(»A8SBr.SBrj). Mol. w. unknown* 
£ — 17®]. Dark red crystals deposited at —18® 
on addition of a small quantity of powdered 
As to a solution of S in Br in ratio feJiBr^; 
decomposed by water into As^O^Aq, IlBrAq, and 
B (Ilannay, C. J. 88, 2‘Jl). 

Arsenic, sulpho- (or thio-) iodide of. AsSI. 
8aid to bn formed by tlie mutual action of As.S^ 
and I (Snlinoider, J. pr. [2J 28, 480). 

Arsenic, sulphydrates (or hydrosulphides) of. 
Only one compound As, S, and II is dolinitnly 
known, AsS(S1I)3; v. ThioarsenicacidHun^Xt't 
Arskntc, tiiio-acids of (y. also the art. IIyoiu)- 

«ULl>;«ILiKS). 

Arsenic, tellurides of, u. Auskxic, Combi na- 
iionSy No. 0. 

Arsenic, thio-acids of. (In connection with 
these compounds v. the art. HYnaosuLTunnEs.) 
Arsenioiis sulphide, As.Sa, dissolves in alkalis or 
alkali sulphides to form salts, and from these 
other salts are obtained l)y double decomposition. 
The sulphide ASoS;, may be rej^arded as the anhy- 
dride of three thio-atuds As^SH, As(SIl) 3 , and 
As 3 S(SH)„ corresponding to the three hypothe- 
tical oxy-acids (y. AnsKMousAcin) ; none of these 
acids is known, all attempts to prepare tliem 
having resulted only in the production of As.Sj 
and II^S, but thio- or sulpli- ars( nites are known 
belonging to tlio three types, MAsS., M^AsS;,, 
and M,As.S,,. The more important of these salts 
are described below. Arsenic pcntasulphide, 
As.B^, dissolves in alkalis and alkali sulphides 
to form salts from which other salts are ob- 
tained (u. infra). According to Nilson 
14, 1, 145) the pp. obtained by adding dilute 
HClAq to a solution of Na^AsS^ (y. Arsenio 
PENTA suLriiiiiK, iVv/wnftojt of) has the compo- 
sition of ortlio-thio-arsonic acid Il.,AsS, [ = 
AsS(SH)j; no other thio-arsenio acid is known, 
but the salts may bo divided into three classes, 
analogous to tlio arsenates, vi/.. : puro-ihio- 
nrsenates M^As„S^ (hypothetical acid" H^As.B^), 
meta-thio-arsenati's MAsS., (hypothetical acid = 
HAsS,), and ortho-thio-arsenatvs MgAsS. (acid 
(?) H,AsSJ. 

I. Tiiio-arsenites. As already staled, no 
ihio-arsenious acid is known. The salts which 
have been examined belong for tlie most part to 
the type M^As^S^ ; they are produced either by 
the direct UTii('n of ASnSg with metallic hydro- 
sulphides, or by ordinary double de- 

composition of (Nlij.As.BjAci by solutions of 
metallic salts, e.g. rh,As,B^. A few salts belong- 
ing to the forms MAsH^ and MgAsSg, arc also 
known, e.q. KAsS.. and K^AsS, ; they are formed 
by tlie action of alkali sulphides on As.^.Sj 
{comp, reactions given for Ausknic TiiisuLrniDE, 
p. 315). The thio-arsenites of the alkali and 
alkaline^ earth metals and of magnesium are 
soluble in water, but the solutions are decom- 
posed on boiling, the others are insoluble in 
water. Most of these salts give off all their sul- 
phur when strongly heated out of contact with 
air. Those salts have been chiefly investigated 
by Berzelius (y. Gm. 4, 275). 

Only those salts which have been fairly 
satisfactorily examined are mentioned in the 
following brief account ; — 


ilmmonitfm (KH|),A8,S« it 

obtained by dissomng ASjSj in (NHAaSAq and 
adding alcohol; if KH,HSAq is a^ed before 
precipitating by alcohol the salt obtained has the 
composition (NHJgAsSg. 

Barium thio-arsenites. BagAsgSj is obtained 
as a pasty brownish-red very soluble mass by 
digesting AsgS., with BaS^H^Aq ; from the solu- 
tion alcohol throws down Ba 3 (AsS 3 )g. 

Calcium thio-arficnites. The salt Cag(AsS 3 ), 
is obtained as crystals by digesting As.^Sg with 
milk of lime and allowing the solution to evapo- 
rate; from the brownish mother-liquor alcohol 
precipitates white Cay(AsSg)2.15H30. 

Lithium thio-arsenites. Closely resemble 
the potassium ?alts (q.v.). 

Votassium thio-arsenites. The salt KAsSj 
may be obtained in solution by dissolving As^Sj 
in KgSAq, but this solution decomposes on 
evaporation; in the solid form by heating KAsS, 
or by fusing As^Sg with KoCOg. By adding alco- 
hol to a solution of As.Bg in K.^SAq, a white pp. 
of KgAsSg is obtained. All these salts readily 
undergo change in aqueous solutions. Berzelius 
describes several other more or loss indefinito 
bodies .as potassium tliio-arsenites. 

Sodium thio-arsenites. Closely analogous 
to the potassium salts. 

The following thio-arsenites seem also to 
exist; they arc generally obtained from 
(Nfij^AsgSgAq by double decomposition;— 
(BisiiAs^Sg ; Cc.^AsgSi; Cd-^As.^a; CogAsgS^; 
CugAsB,; Fc,.As.,S., ; Au,(As.,S-)., ; Mg.As.kSj; 
Mn.,As‘gSj; Hg,As,;S 5 ; ITg(AsS,)g; NIAs^S/, 
Sn./ASgS;^, SriAs.Bs; PtAs.B. ; Ag.As.Ss; 
(US)^As3S5; ZiioAs.Si. Thio-arsenites of chro- 
viium, molybdenum, and zirconium, seem also 
to exist. 

II. Tiiio-arsenates. As already slated, it is 
probable that ortho-thio-arscnic acid IIjAsSi 
has been prepared. The thio-arsenates may bo 
divided into tliroo classes, of which the tln ee 
potassium salts are representatives; KjAsgS,, 
KgAsSp and KAsS.,. The tliio - arsenates are 
obtained ; 1. By digesting As.Bg with solutions 
of the alkali sulphides, on cooling some As.B, is 
precipitated. — 2. By dissolving As.Sg in solutions 
of alkali-polysulphides. -8. By precipitating 
solutions of ar.senatesby IT.B, or by (Nll,).BAq; 
in the latter case the liquids must be boiled to 
nunoYO NHg. — 4. By fusing As^Sg with alkali 
carbonates. — 6. By dissolving As-^Sg in KOIIAq 
or NaOH aq ; arsenate is formed as well as thio • 
ar.scnate. The thio-arsenates of the alkali metals 
are yellow or red, very soluble in water, crystal- 
li.sable, fairly stable, compounds ; their aqueous 
solutions are slowly decomposed by exposure to 
air. The other thio-arsenatos are more easily 
decomposed ; those of the heavy metals are in- 
soluble in, water ; they are best prepared by de- 
composing the solution of an alkali thio-arsenate 
by a solution of a salt of the metal. Soluble 
thio-arsenatca are decomposed by HClAq with 
precipitation of As-^Sg. The salts obtained by 
the methods enumerated are usually j).yro-thio- 
arsenatos M^As.^S; ; the meta- and ortho- salts 
are produced from these, very frequently by the 
action of alcohol on their solutions ; alcohol 
usually precipitates an ortho- salt and leaves 
a meta^ salt in solution. The ortho- salts are fre- 
quently crystalline; most of the others are 
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amorphous. Heated in absence of air, most 
thio-arsenates yield thio-arsenites, and then 
AsaSa which sublimes, and a metallic sulphide 
which remains ; some, however, are unchanged 
by heat alone, e.g. M^AsS^ where M = Li, K, Na. 
Heated in air, the thio-arsenates, as a class, give 
off AS3S3 and As^O,;, and leave a sulphate in the 
oases of alkaline salts, or an oxide in the cases 
of salts of heavy metals. The thio-arsenates 
have been chiefly investigated by Berzelius (y. 
Qvu 4, 275) ; also by Nilson [J.jjr. [2] 12, 295; 
13 , 1 ). 

The following are the thio-arsenates which 
have been fairly well investigated 

Ammonium thio-arfienates. The lyyro- salt 
(NHJ^ASoS, has not been obtained as a solid : a 
solution of AS3S5 in (NHJ.BAq probably contains 
this salt, it is decomposed on evaporation ; 
alcohol precipitates the ortho- salt {NH,).,A8S^ 
in white prismatic crystals, while the meta- salt 
NH^AsS^ remains in solution. 

Barium Ihio-arsetiales. A solution of 
BaHAsO^ is decomposed by ILS, but the pure 
pyro-tliio-arsenate, Ba-As.^S,, has not been ob- 
tained ; this solution is decomposed by alcohol 
into Ba3(AsS,)3 which precipitates, and Ba{AsS3)j 
which remains in solution. 

Magnesium tliio-amcnatcs. The pyro- salt 
Mg.,/Vs.,S, is a yellow solid, very soluble in water ; ! 
by adding Mg(Sn)Aq to this solution until ILS ! 
ceases to come olT, and evaporating in vacuo, ■ 
crystals of Mg;,(AsSj3 are obtained ; alcohol 
decomposes this salt, dissolving out Mg.ASoS;. 

Potassium thio-ai'scnaics, 'J’he pyro- salt, 
K jAsoS,, is best obtained by treating K.JIAs(),Aq 
with JTwS and evaporating in vacuo ; it forms a 
yellow viscid mass which li(iuelies on exposure ' 
to the air and then crystallises in rhombic j 
plates. By adding alcohol to a cone, solution of 
this salt an oily liqui<l is obtained wliieh 
crystallises when warmed giving K.|AsS„ and 
KAsS;, remains in solution. A salt containing 
both sulphur and oxygen, AsSO.OK.lLO is 
described by Bouquet and Cloez (.4. Ch. [3] 13, 
44), produced by the action of on cold 

saturated KJIAsO,Aq; it may perhaps bo re- 
garded as a double compound of tlie hjpothetical 
oxysulphide As^S.Oj with K^O, but the data are 
very meag're. 

Sodium thio-arscnaUis, The ortho- salt 
2Na3AsS^.15IL() is obtained in large white, or 
yellowish, monoclinic prisms, by digesting 
NajSAq with As.^S.,, or with As^S^ and suilicient 
S to form As.S. , and allowing to crystallise (Frese- 
nius, Fr. 1, 192). The same salt is also obtained 
by decomposing Na.JIAsO^Aq by H.S, andadding 
alcohol to the solution; according to the con- 
ditions under which this liquid is allowed to 
crystallise, crystals of varying form and some- 
what varying appearance are obtained (Berze- 
lius). The crystals are not dehydraffbd in dry 
air, but when slowly heated the salt may bo 
obtained without water of crystallisation. It is 
doubtful whether the meta- and pyro-thio- 
arsenates have been obtained; tha solution 
from which the ortho- salt is thrown down by 
alcohol probably contains NaAsS,, and the solu- 
tion before alcohol is added probably con- 
tains Na^ASjS,. The double thio-arsenato 
Na8(NH4),(ABS«), is also described by Berzelius 

(u). 


Besides the above salts, the following thio- 
arsenates seem to have been obtained in fairly 
definite forms : Ca^As^S,, 0a,(ABSj2 ; Ce As.^S,, 
Ce3(AsS4)„ Co^(A8jjS,)s ; CooAs.^S,; Au^(AsoS,)5; 
Fe^jAs^Sja, FejAsaS, ; PboAs^S,, Pb,(AsS,)3; 
Mn-ASyS, ; Hg.ASaSy, Hg^As.^S, ; Ag^ASaS, ; 
(US)4 As.B,. Thio-arsenates of Sb, Be, Bi, Cd, 
Cr, Li, Ni, Pt, Sr, Y, Zn, and Zr, probably exist. 

Arsenic acid and Arsenates v. Ausknio, aoids 

OF. 

Arsenides. Binary compoiimis of arsenic 
with more positive elements, v. Ausfnic, Com- 
binations, No. 9. 

^senious acids and Arsenites, v. Arsenio, 
Acids of. M. M. P. M. 

ARSENIC COMPOUNDS, ORGANIC. This 
article is devoted to com[»oumls in whoso mole- 
cules arsenic is supi>osed to be directly united 
to carbon. They are produc('d l)y distilling 
I alkyl iodides with an alloy of arsenic with 
potassium or sodium (thus Mel gives ASoMe,, 
AsMo.„ and AsMe^I— Cahours a. Iliclie, G. li. 
39, 511), or by heating AsCb, with compounds 
of mercury with alkyls or aromatic radicles or 
by the action of sodium on a mixture of AsCl, 
and a haloid derivative. Tlie methyl derivatives 
will be described first, follow^ed by the incthyl- 
1 ethyl, ethyl, phenyl, and finally by the benzyl, 
derivatives. Tlie nomenclature employed is 
somewliat different from that used for derivatives 
of nitrogen. Thus the radicles AsMe, AsMe.^, 
AsMo.„ and AsMo^ are called mcttiyl-arsino, di- 
mothyl-arsino, tri-methyl-arsino, and tetra- 
mcthyl arsonium respectively. 

Methyl-arsine dichloride AsM( Cl ,. (133°), 
At 40°' 50° di-methyl arsine Irichlurido pro- 
duces AsMeCl.^thus: ASMC3OI3-- MeCl -i- AsMcClj. 
Liquid which does not fume. M. sol. water but 
I not decomposed by it. It violently attacks the 
I mucous membrane. At —10° absorbs Cl.,, form- 
, ing AsMcCl, which at 0° splits up into MeCl 
and AsCl., (Baeyer, A. 107, 257). 

Methyl-arsine di-iodide AsMel,. [c. 25°]. 
From the oxide, AsMcO, and HI. From cacodyl 
and iodine (Cahours, C. B. 50, 1022). Yellow 
needles (from alcohol). Converted by H.^S into 
AsMeS, and by HCl into AsMeCl^. 

Methyl-arsino sulphide AsMeS. [110°]. 
From ILS and AsMeCl.^. Plates (from alcohol). 
In.sol. water. Pps. Ag, Cu, and Pb, as sulphides 
from their salts. 

Methyl-arsine disulphide AsiMeS.. Formed 
by pas.sing ll.B into an acidili(‘d solution of 
mctluiiye-arsonic acid ((1. Mc3yer,^ 10, 1440). 

Methyl-arsine oxide AsMuO. [95°j. Formed 
by action of K.^CO;, on the chloride AslMeCl.^. 
Crystallises from CS., in irregular cubes, smells 
like Asa fntida. M. sol. cold, v. sol. hot, water; 
slightly volatile in vapour of water and alcohol ; 
V. sol. aqueous acids fi;nning neutral solutions. 

Methane arsonic acid MeAsO(OH)2. From 
AsMcCL and excess of moist AgH. From 
AsMcO in aqueous solution by action of HgO. 
From aqueous sodium arsenito and Mol (M.), 
Large spear-shaped laminfB composed of small 
needles (from alcohol). 

Salts. — BaA", ppd. as anhydrous 
rhombic crystals, by adding alcohol to aqueous 
solution ; the crystals soon change to hydrated 
! needles. Ag.A" : nacreous crystals which ex- 
I plode above 100 ’ — CaA" aq. 
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Tetrium^byl dl-Bmniat i8,ile|* CuMut^ 
Alhofrsin, Mol. w. 210. [c. -H (o. 170^). 
V.D.7-l(air«l). 

Preparation.— "By heating di-methyl-arsine 
chloride (cacodyl chloride) with zinc at 100® in 
bulbs filled with CO„ (Jhmsen, P. 40, 219; 42, 
146; il. 37, 1; 42, 14; 40, 1). 

Praprnlios. — Stinking oil; heavier than 
water. Takes fire in air or in chlorine, lieduces 
HgCl^ to mercurous ciiloride. 

Reaction. — As„]\re^ ■{■ 2MeI = AsMe,I + AsMe^I 
(Cahours, A. 122, 209). 

Combinations.— Whv.xx gradually mixed with 

air, chloi ijie, or bvomino, it forms derivatives 

of cacodyl, behaving like a molecule of such 
a metal as potassium : (AsMe..)., + Clj = 

2(AsMe,)Cl ; and (AsMe,),, + 0 = (AsMo,),0. 

Tetra - methyl - di - arsine oxide (AsMe,),0. 
Cacodyl oxide. Mol. w. 220. [o. — 25'^J. (120^). j 
S.G. 1-102. V.T). 7-55 (calc. 7-8:i). 

Formation. — Cadet’s fluid [Grcll. N. Chem. 
Arch. 1, 212), obtained by distilling KOAc with 
an equal weight of As./).,, is cacodyl oxide mixed j 
with some cacodyl, JlgO converts both into 
cacodylie acid, whence a mixture of IfgCL and 
fuming II Cl forms cacodyl chloride. The latter 
is coiivorlod into cacodyl oxide by distilling 
with aqueous potash in a current of CO.^ 
(Ilaeyer, A. 107, 282) : 2AsMe..Cl -i- 2KTIO = 

ti, 0-f-2KCl4-(AH^re,,),0. 

Properties. Pungent, stinking oil. Slowly 
oxidises in air forming cacodylic acid. Acids 
convert it into salts of cacodyl. 

Compounds, — Forms with TlgCU a com- 
pound (Asl\re.,),,02IIgClo, crystallising in tri- 
metrio plates. S. 3-47 at 100®. Distilled with 
fuming IlCl tliis forms cacodyl chloride.— 
(A8Me,).,02Hglh'... — (AsMe, ,).,OfAgNOa: explodes 
at 100®. — (AsI\ie,).,OPtCl,,a(i : red-hrown pp. 
converted hy KlJr into (AsMe.,),prtBr.^aq, end 
by KI into (AsMc,),,OrtT,,. 

Di-methyl-arsine chloride Asl\[e,CI. (c. 100°). 
V.D. 4’5() (calo. 4*85). Obtained from cacodylic 
acid as above ; or by action of chlorinc-water 
on cacodyl.— Heavy oil ; attacks the mucous 
membrane; combines witli Cl., forming AsMe^Clj. 
Zn, Sn, and Fo liberate As,, Me,. 

Compounds. — AsMe. Cl CuCl (Dunsen). — 
<A8Me,,Cl),PtCl,. 

Di-inethyl-areinc bromide As]\re,,Br;yelIowoil. 

Di-mothyl-arsine iodide AsMeJ (100°); oil 
{Cahours a. iliebe, A. 92, 301). 

Di-methyl arsine cyanide A.sMe,,Cy, ['83°]. 
{140°j. V.D.K^. Prisms. Excessively poisonous. 

Di-methyl-arsine sulphide (AsMe,)., S. Com- 
bines with S to form (AsMe.,).,S, 

Di-methyl-arsine fluoride AsMo^P. Liquid. 

Di-methyl-arsine ti ichlorido AsMe,, Cl,. 
Cacodyl trichloride. From PClj and cacodylic 
acid ; or from cacodyl chloride and CL. 

Reactions. — 1. At 60’ it splits up as follows: 
ABMe.,Clj"MeCl + AsMcCl.,.— 2. With water it 
forms cacodylic acid. 

Di-methyl-arsinio acid AsMe.,0(On). Caco- 
dylie acid. Mol. w. 138. [200°j. 

//on. —From cacodyl and HgO in 
presence of water. 1 

Pre^erties. - Large prisms (from alcohol), 
without odour, but poisonous. V. sol. water, 
tn. sol. alcohol, in.sol. ether. Not acted on by 
HNO|, HCl, aqua regia, KMnO* or CrO,. 


" BeacHciri$*^li redaees It to eaoodyl 
oxide.— 2. Aqneons H^S forms cacodyl suU 
phide.— 8. An alcoholic solution gives with 
alcoholic HgCl, a pp. of (AsMejjljOjHgaCIj,.— 
4. Cacodylates are converted by dry H^S into 
thio-cacodylates ; e.g. (AsMe.^SJ.Pb.- AsMejS^Cu. 
— (A8Me.,Sj,)gSb.— (AsMcaSjjBi.— AsMcjjS^fAu. 

Salts. — Soluble in water, but amorphous, 
AgA': needles.- AgH,,A' 3 : needles.— AgA'AgNO*. 

Compounds. — HCl forms a crystalline com- 
pound (AsMo.,0,H HCl) decomposed by water. 
This compound distilled in a current of HOI 
splits up thus: AsMe.,0.,H IICl + 2HC1 
AsMeClj + MeCl + 2H,,0. — IIA'HF : prisms. 

Tri-methyl arsine AsMe,. Mol. w. 120. 
(c. 100°). Fiyrmatioyi. — 1. ^AsClj + SZnMejSi 
3ZnCl., + 2A8Mej (Hofmann). — 2. From AsMoJ 
and solid potash (Cahours, C. R. 40, 87). 

Properties. — 1. Combines directly with 
Cl^, Br.„ L, S, and 0. 

Iodide AsMe^L,. Splits up on distillation 
into Mel and AsMeJ, cacodyl iodide. — Oxide. 
AsMe^O : deliquescent crystals . — Sti Iphide 
AsMe,S: prisms (from alcohol). — Bromide 
AsMcaBr,,. 

Tetra‘-methyl-arsonium iodide AsMeJ. 

Formation. — 1. From sodium arsenide and 
Mclatl80°,and treating the product (AsMe JAsIg) 
with KOH (Cahours, C. U. 30, 1001 ; A. 122, 192). 

Properties.- Plates (from alcoliol mixed witn 
Mel). 

Combinations. — AsMe JI,,. — (AsMoJ).,ZnIj(. 
— (AsMeJ),, CdL,.—AsMcJAsT;. 

Reactions.— 1. With ZnMe,, gives AsMe 5 (?) 
(Cahours). — 2. KOH no action.— 3. Moist AgjO 
gives AsMOjOH, deliquescent alkaline crystals. — 
4. Ag.,SO, gives crystalline (AsMoJ.,S 04 . — 
6. AgNOa forms crystalline. AsMciNOg. 

Penta-methyl-arsenide AsMe.. From AsMeJ 
and ZnMe.,. With iodine forms Mel and AsMeJ; 
with HCl forms CH., and AsMo,Cl (Cahours). 

Di-methyl-ethyl-arsine. — AsI\re.,Et. From 
AsMe., I and ZnEt,,. Liquid (Cahours). 

Methyl-di-ethyl-arsino AsMeEt^. From 
AsMeL and ZnEt,, (Cahours). 

Di-methyl-di-ethyl arsonium salts. 

Iodide. — AsMe.,Et.J. From cacodyl andEtl, 
thus: A5.,Me^-f-2EtI = AsMc.,Et.J-f AsMe.,Cl (Ca- 
liours a. Itiche, C. R. 39, 644). 

Hydroxide’, very deliquescent. 

Chloride AsMe.,Et.,Cl ; deliquescent needles. 

Platino-chloride (AsMo,,Et.,Cl).,PtCl 4 . 

Bromide AsMe.,Et.J3r : deliquescent. 

Iodide AsMe.J'lt.,I : prisms. 

Periodidc AsMe^ELIg: lustrous prisms. 

Nitrate AsMeaEtgNOa : deliquescent grains. 

Sulphate (AsMegEy.SO^ : octahedra. 

Ethyl-arsine iodide A«PltL,. From AsEtJ 
and L (Cahours, C. R. 60, 1022 ; A. 116, 367). 
With moi§t Ag.,0 it forms the acid A8EtO(OH)a. 

Ethyl-arsine chloride AsEtClj. (166°). From 
HgEtg and AsClj (La Coste, A. 208, 33). Liquid, 
m. sol. water. 

Ethane arsonio acid EtAsO(OH) 2 . From the 
preceding Ry the action of diluted HNO,. Small 
crystals (from alcohol). —Ag., A": pearly scales. 

Tetra-ethyl -di-arsenide A8.,Eti. Mol. w. 266. 
(185°-190°). From an alloy of arsenic and sodium 
on Etl (Landolt, A. 89, 319). Heavy stinking 
oil, takes fire in air. Reduces salts of silver and 
mercury. Unites directly with sulphur and 
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hiioftetis, Alcoholic HgOL gives a oirstattiae 

pieo^itate ABBts01,2Hg2(^. 

Iodide AsEtjI. (o. 230®). Oil. 
Di-ethyl-arsinio acid AsEt20(0H). [190®]. 
From AsEtj and HgO under water (Landolt, A. 
92, 366). Large plates, soluble in water. Not 
attacked by HNO^ or aqua regia. 

Salts. — BaA'^HA' 2aq, Very sol. in water, 
difficultly sol. in alcohol. 

Tri-ethyl-arsine AsEt... Mol. w. 162. 
(140®-170®). S.G. u 1-151. V.D. 5-28 (calc. 
6*62). ^ 

Fonnaitm.—l. From AsCl., and ZnEt, 
(Hofmann a. Cahours, C, Ji. 41, 831).— 2. To- 
gether with As.Et^ by the action of EtI on an 
alloy of arsenic and sodium.— 3. By distilling 
A8Et4l with solid potash (Landolt, A. 89, 322). 

Properties.— Oil of di sagrecabln odour. Fumes 
strongly in air. Combines directly with non- 
metals. Does not reduce ammoniacal silver 
nitrate (difference from As.Et^). 

Combinations, — AsEt.,Br., : deliquescent. — 
AsEtJ,. [ICO®], (190°). (Cahours a. Biche, 
A. 92, 365). — AsEt.,S. [c. 100°]. Prisms (from 
ether) ; pps. sulphides from solutions of metallic 
salts. — (AsEt.),PtCl,. — (AsEt,),PtCl,. — 
(AsEti,)..PdCl., (Cahours a. Gal, G. It. 71, 208). — 
(AsEt,6AsKt‘,CJJIg.,Cl..(?). — AsEt,AuCl. — 
AsEt,PEl,(C,H,Br)Br.' 

Tri-ethyl-arsine oxide AsEt;,0. Formed by 
exposure of an ethereal solution of AsEt^ to the 
air. An oil, insoluble in acids, except UNO.,. 

Tetra-etliyl-arsonium iodide AsEt^I. 

Formation . — 1. From AsEt,, and ElE 
(Landolt, A. 89, 331).-- 2. Arsenic with EtI at 
180° gives rod needles of A8Et,IAsT,„ which is 
then boiled with potash (Cahours a. Riche, C. It. 
30, 6 16). -3. An alloy of arsenic with Zn or 
Cd heated with EtI gives (AsEt,l).^ZnI. or 
(AsEt,I).jCdI.^; tlicse are boiled with po{ash 
(Cahours, A. 122, 200). 

Properties. — Needles, v. sol. water and 
alcohol, insol. ether. 

Bead ions. — 1 . With moist Ag.,0, gives an 
alkaline hydrate. — 2. Combines with L forming 
brown needles of AsEtil^. 

Tetra-ethyl arsonium salU (Landolt, A. 
92,371). 

Chloride AsEt,C14aq: deliquescent crys- 
tals, insol. ether.— (AsEt, Cl), (BiCl.,)., (Jorgensen, 
/.iw. [2] 3, 346). 

Platino-chloride sl.soh 

cold water. 

Bromide AsEt^Br: deliquescent mass. — 
(AsEt4Br),(BiCl,).,. 

Sulphate AsEt, SO., H ; grains, v. sol. water 
and alcohol, si. sol. ether. 

Broxno • tetra • e^hyl • arsonium bromide 
(CHjBr.Cll^AsEtaBr. From ethylene bromide 
and AsEt., at 50° (Hofmann, Pr. 11, 62). 
Rhombic clodccahedra (from alcohol).* V. sol. 
water, si. sol. alcohol. Aqueous AgNOj pps. 
half its bromine as AgBr. 

Reactions. — 1. With moist Ag„0 it gives vi nyl 
triethyi arsonium hydroxide, CJ4,Asl4ta(On). - 
2. With AsEtgitgives As.4{C.2H,)EtJJr.^.— 3. With 
ammonia at 100° it gives a compound 
NA8(CaH4)Et3H.,Br.,. This compound and the 
preceding are converted by Ag.^O into oxides 
and thence into platinochlorides {e.g, i 
KA«(C8HJEtjHgCl3PtClJ and other salts.— | 


4. And, gives crystals of AsEt,AuCi.— 5. PtOL 
giveS crystals of As^ELPt (Hofmann. A. 
103, 867). 

Di-methyl-di-isoamyLarsonium iodide 

A8Me2(CjH„)J. From cacodyl and iso-amyl 
iodide at 180®, as follows: As.Me^ -f-20;,H,jI=3 
A8Me2(CjH,,)„I + AsMc.I (Cahours a. Riche). 

Tri-propyl-arsine AsPr,. At 180°, arsenic 
combines with PrI forming AsPriTAsI,. Dis- 
tilled with solid potjish, this gives AsPr, (Ca- 
hours, G. R. 76, 138.3). Arsenic acts similarly 
on isobutyl iodide at 180° (Cahours, C. R. 77, 
1406). Calcium butyrate distilled with As..,0, 
gives a distillate resembling Cadet’s liquid, pro- 
bably containing the propyl homologues of caco- 
dyl compounds (Wohler, A. 68, 127). Potassium 
valerate distilled with As.O;, appears similarly 
to give ‘ butyl-cacodyl ’ derivatives (Gibbs, A 7 n, 

5. [2] 15, 118). 

AROMATIC DERIVATIVES. 

Literature. — Michaelis, A. 201,184; 207, 
195; 208, 1; 23.3, 60; B. 8, 1316; 9, 1566; 10, 
022; 11, 1883; 13, 2176; 14, 912; 15, 1952, 
2876 ; 18, 42; La Costc, A. 181, 1; 208, 1. 

Di - phenyl - di - arsenide C..H ,As:As.CJl4. 
Ai'seno-bcnzcne. [196°]. Prepared l)y reduction 
(best with iffiosphorons acid) of an alcoholic 
solution of pheiiyl-arsine oxide (Mieliaelis a. 
Schulte, B. 11, 912; 15, 1952). Yellowish 
needles. Sol. benz.ene, chloroform, and CS;j; si. 
sol. alcohol, insol. water and other. On heat- 
ing it gives triphenyl-arsine and aisc.tiio. 

]leadlons.~l. Heated with 1 mol. of sulphur 
phenyl-arsine 8ul])liidc is formed, with more sul- 
phur, })hcnyl sulphiilc and A.s.S.,.— 2. Alcoholic 
NH4IIS reduces it on heating to hen/.imo, As.^Sj,, 
and As; III acts in a similar manner. — 3. On 
oxidation it gives bcnzcne-arsonic acid.— 4. Com- 
bines directly with halogens. 

Di-iodide. — Ph.AsLAsI.Ph. Yellow needles. 
Very unstable. Prepared by reduction of phenyl- 
arsine iodide (which is formed by dissolving 
plienyl-arsinc oxide in HI). 

Phenyl-arsine chloride PliAsCl , (0. 253°), 
Obtained in theoretical quantity b} Inciting AsOI, 
(800g,) with IlgPh.^ (70 g.). Colourless li<juid with 
un2)Icasant odour; insol. water, sol. KOHAq. 

Phenyl-arsine totra-chloride I’liAsCl,. [45°]. 
Formed by passing Cl into the pns.eding at 0°. 
Yellow needles, fuming in moist air ; readily 
decomposed into Cl., and PhAsCl,j ; when heated 
at 150° it gives C^H.Cl and AsCl.,. 

Phenyl-araine bromide PJiAsBro. (285®), 
S.G. 2*10. Colourless liquid ,J^rnied by the 
action of cone. HBr ni)on PliAsO. Gives with 
bromine A3Br.,aiid PliBr. 

Phenyl-arsine iodide PhAsIj. Oil. 

Phenyl-arsine oxide PhAsO. [120°]. Formed 
by treating PliAsCl^with NaXO^. Crystals (from' 
alcohol) ; .smells like uuisc; insol. water ; si. sol. 
cold, m. sol. hot, alcohol; slightly volatile with 
steam. Heated with HCl it forms PhAsClj. 
Above its melting-point it doconq^osos thus: 

3PhAsO ^ AsPhj + As .0,. 

Phenyl-arsine oxy-chloride PI) AsOClj. [100®L 
Formed by decomposing the tetrachloride witB 
the theoretical quantity of water ; or by the union 
of chlorine with the oxide. Crystalline; dis- 
solved by water, being converted into benzene 
arsonic acid. At 120° it splits up thus ; 

PbAsOClj = PhCl AsOCl. 
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Beuene^urioni^ aeid 0 gH»A 8 O( 0 H) 2 . 
Fonned by dissolving PhAs0l4 or PhAsOOl, in 
water. Long columns ; begins to soften at 138°, 
changing to an amorphous anhydride, which 
is re*oonverted by water into the acid. M. sol. 
cold, V. sol. hot, water. 

lieactio7is.- 1. Not affected by reducing or 
oxidising agents.— 2. Potash fusion produces 
phenol. 

Salts.- NH, HA": needlos.—KHA": amor- 
phous. — Ball. A".j : needles, v. sol. water. — 
CallaA'^: needles.— CaA"2aq. — CuA"; v. si. sol. 
water. ~ri)A" : insol. wat('r. 

Tetra-phenyl-di-arsenide As.,(CJL,),. Plienyl- 
cacodyl. I'ormodbyrcductionoftctra- 

phcnyl-di- arsine oxide with phosphorous 
acid. White crystals. SI. sol. alcohol and 
ether. It (juicldy oxidises in the air, forming 
di-phenyl-arsinic anhydride (PhjAs.Oa). 

Di-phenyl-arsine chloride Ph.AsCl. Phen yl- 
cacodyl chloride. (3:{3°). S.G. 1*42. Pre- 
pared by heating IlgPli^ with a large excess of 
PhAsCl. at 320'^. The product is then fraction- 
ally distilled. Yellow oil, insol. water, sol. alco- 
hol, ether, and benzene, si. sol. a(picous alkalis. 
Not affected by heating with Na.CO:,. Combines 
with bromine and chlorine. Cone. HNO3 slowly 
converts it into di-phenyl-arsinic acid. 

Di-phonyl-arsino trichloride PkAsCla. 
[174°]. From tlie preceding and chlorine. Colour- 
less tables (from bcnzcme). At 200° it decomposes 
thus : Ph..\sCl3 « PhAsCL + PhCl. 

Di-phenyl-arsine chloro-bromido Ph.AsClBro. 
Formed by passing dry bromine-vapour into 
Ph.^AsCl. Excess of Br i^roduccs di-bromo- 
benzene. 

To traphenyl-di-arsine oxide (Ph,As)..0. [02°]. 
Formed by licating Ph .AsCl with alcohofic KOII. 

Di-phenyl-arsine bromide Ph.AsBr. (350°). 
From the oxide and 1 1 Pr. 

Di-phenyl-arsino oxy-chlorido (Ph.,AsCl.)..0. 
[117°]. From the oxide and chlorine. 

Di-phonyl-arsinic acid Ph.AsO.Oil. [174°]. 
S.G. 1*55. From the oxy-chlorido or th(‘. tri- 
chloride by the action of water. White ncetllos; 
Bol. water and alcohol, si. sol. benzene and ether. 
Not attacked by CrO,, or boiling cone. UNO.,. 

Salts.— NaA\ — Nil, A*: unstable feathery 
crystals.— BaA'^.— CuA'.,. — IIO.CuA'. — AgA'. — 
PbAV 

Tri-phenyl-arsine AsPh,. [50°]. (above 3G0°). 
S.G. 1'30G. Prepared by heating phenyl-arsino 

oxido at 200°, thus: 3PhAsO = AsPii., + As-.O^- 

More readily the action of sodium (50 g.) on 
AsCJa (54 g.) and chloro-bcnzeno (101 g.), diluted 
with 4 Yols. dry ether. Is also a by-product in 
preparing PkAsCl from PhAsCl, and HgPh.. Tri- 
clinic crystals isomorphous with SbPlig (Philips, 
B. ID, lOill). Insol. water and dilute acids, 
V. sol. hot alcohol, benzene, and ether. With 
HgCL it forms leallets of AsPli.,HgCl., whence 
aqueous KOII forms AsPh3(()H).„ [108^], thus : 
AsPhaHgCl, + 2KOH = AsPh3(01I), + 2KCI + Ilg. 

Tri-phenyl-arsine chloride PhjAsCl,. [171°]. 
From AsPli.^and chlorine. Tables; decomposed 
at 280° into PhAsCl and PhCl. 

Tri-plionyl-arsine sulphide Ph,AsS. [162°]. 
Prepared by digesting PhjAs with H dissolved in 
CS.^; or by action of ammonium su1])hidu on 
PhjAsCl,. Silky needles, insol. water and ether. 


Tri-phenyl-anine oxy-nftrAte 
{OA)^(OH)NO,. [84°]. Formed by adding 
HNO, to an aqueous solution of the hydroxide 
(C 3 HJ,As(OH).^ (Philips, B. 19, 1033). Long 
glistening needles. V. sol. alcohol, si. sol. water. 

Tri-nitro-tri-phenyl.arsine oxide 
(C^H^.NO.JyAsO. [254°]. Formed by nitration 

oftri.plicnyl-ar8me-hydrate,(0„H,)3As(0H).„with 
HNO3 and 11,804. Nearly colourless large crystals. 
V. sol. acetic acid, insol. alcohol and ether. 

Tri-amido-tri-phenyl-arsine (C,H4.NH.j3As. 
[0. 170°]. Formed by reduction of tri-nltro-tri- 
phenyl-arsine oxido (C^Hi.NO.J^AsO with tin and 
HCl in acetic acid solution (P.). Colourless 
crystalline solid. V. sol. alcohol and dilute 
acids, insol. water. 

Salts.— B"'i;l3Cls : crystalline solid, easily 
soluble in water and alcohol.— (B"'H3Cl3),(PtCl4)3: 
yellow pp., insol. cold water. 

Tri-acetyl-derivative (C^H^.N HAc).^ As. 
[c. 230°]. Very sparingly soluble in alcohol,, 
more easily in acetic acid. 

Tri-;)-ethoxy- tri-phenyl-arsine 
(EtO.CgHJaAs. Tri-jdienctyl -arsine. [89°]. 
Formed by the action of sodium upon a mixture 
of ^)-bromo-phenctol and AsCL (Michaolis a. 
Weitz, B. 20, 62). 

tri-p-methoxy-tri-phenyl arsine 
(Mc().C,in4)3A8. Tri - anisyl - arsine. [150°]. 
Obtained % the action of sodium upon a mix- 
ture of ^-bromo-anisol and AsGl, containing 
some acetic ether. Trans])arent colourle.ss 
crystals. V. sol. benzene, si. sol. alcohol and 
ether. HI splits it up into di-anisyl-arsine 
iodide (C„H4.0I\Ie).AsT and anisol ; by longer 
and higher heating anisol and AsT., are formed. 
By heating with an excess of AsClj it 
yields unisyl-arsino chloride OJi4(OMe).AsCl., 
(Miehaelis a. Weitz, B. 20, 48). 

Di -p-mothoxy - di - phenyl - arsine chloride 
(C(,H,.OMe),AsCl [1:4]. Di-nnisyLarsine chloride. 
[80°]. Formed by dissolving the oxido in HCl. 
Long thin needles. V. sol. ether, less in alcohol. 

Di-mothoxy-di-phenyl-arsine oxido 
{(C,.H,.OMo),As}.,0 [1:4]. Di - anisyl - arsine 
oxide. Tctra- anisyl -di- arsine oxide. [180°]. 
Crystalline. Formed by the action of alkalis on 
the iodide which is obtained by heating tri- 
anisy I -arsine witli HI. 

jrj-Methoxy-benzene-arsine chloride 
Q.Hi(G-Me).AsCl, [1:1]. p-Anisyl-arsine chloride. 
(230° at 117 mm.). Colourless liquid. Formed 
by heating tri-anisyl-arsine (C6H4.0iMo)3As with 
an excess of AsCl, at 200°. Alkalis yield the 
oxide C,;H,(OMc).A.sO, a colourless crystal- 
line solid. It combines with Cl, to form 
AsCl, which is a tliiek yellow liquid 
decomposed by \vater giving anisyl-arsinic acid 
C3H4(OMe).AsO(OH),. * 

^j-Methoxy-henzene-arsonic acid 
(C,iH4.0Me).AsO(OH),. Anisyl - arsinio acid. 
[100°]. Formed by the action of water upon 
the chloride C3H4(OMe).AsCl4. Colourless crys- 
talLnc solid. Sol, hot, si. sol. cold, water ; v, 
sol. alcoht l. On heating it gives the anhydride 
C3 H,(OMc).AsO.,. — A g,A": white pp, 

Phenyl-di-methyl-arsine PhAsMo,. (200°). 
From ZnMoj and PhAsClj. Mobile liquid, soL 
alcohol and benzene, insol. water. 

Phenyl-tri-methyl-arBonium iodide 
PhAsMe,!. [244°]. From the preceding and 



AB8EmO IMPOUNDS, OKGANIO. 8^1 

&teL White needles ; soL Water and alcohol, p.Carbozy.plienyl4ir8iiie chloride 
insol. ether.— •(PhA8Me,Cl)2PtCl4 [219®] ; v. sol. CO2H.C4H4ASCI2. [158®]. From the oorroapond- 
hot water. ing iodide and AgCl ; or from- the ])roduct 

Di-phenyl-methyl-arsine PhjAsMe. (306®). (C0C1.0«H4.AsCl3 (?) of the action of PClj upon 
Prom PhjAsCl and ZnMoj in benzene (Michaelis C03n.CgII,.AR0(6H)2 by treating with water, 
a. Link, A. 207, 199). Insol. water. Needles (from benzene) ; decomposed by water. 

Di-phenyl-di-methyl-arsonium iodide jp-Carboxy-phenyl -arsine iodide 

PhjAsMooI. [190°J. From the preceding and CO.jH.CgH^AsI... [15.3®]. 

Mel. Needles ; si. sol. cold, v. sol. hot, water. From COJI.C,iTI^.AsO(OH). by III and P, 
Decomposed by heat into Mol and Ph^AsMe. — Yellow needles (from cliloroforin). 
(Ph2AsMe2Cl)oPtCl, [219®]. ;> Carboxy-phenyl-arsino hydroxide 

Phenyl-di-ethyl arsine PliAsEL. (210^). COJf.('_Jl ,.As(OH)2. Bcncur' r)iioiis lu iiL Front 
From PhAsCI., and ZnEt.. Colourless liquid, j llui pnc«'(iing by heating with aqucmi- Na CO^,. 
Combines with Cl, forming PhAsKI.^Cl... I Coloiirles.s needles (from water). At 115 ’ 160^ 

Phenyl-tri-ethyl-arsoniuni iodide PhAsKtjl. I it gives off 11,0 leaving the oxide 
[113®]. From the preceding and i'Ul at 100®. ^ CO,ll.C,ll,As(). ~ Ca(C.n„Ast)J ,A.| ; plates; 
Prisms, turned yellow by sunlight; sol. water elninging at 200® into Ci^CdljAsOa)^. — 
and alcohol, insol. ether. Decomposed when Agt'..li,AsO.,. 

’heated in an indilTerent gas into Ktl and p-Carboxy-benzene arsonic acid 
PhAsEC. Gives with AgCl the chloride CO.,l].C,.H^AsO(Oll)2. Bi'u-drtiinieurhJ. Formed 
PhAsEtaCl ; whence {I’hAsMtyCl)..!^^!,. Gives by oxidising toluene, arsonie. acid with alkaline 
with Ag.G the liydroxide PljAsEt;,011, an KlNtnOj. Transparent interlaced iwaslhs; m. 
alkaline syrup, absurhingf CO^ from the air. sol. water, v. si. sol. alcohol. At 190® it heeojues 

Di-phenyl-othyl arsine Pli.AsEt. (320®). CO.H.C,II,AsO..; at 230® it gives olT hen/.oic 
From Pli.AsCl and ZnEC. Colourless liquid. acid. — Ag^A'". — CaIIA'"aq. — Kil.A'",^* — 
Di-phenyl-othyl-arsinc chloride Ph.AsEtCh. Mell.A"'. 

[137°]. From the preceding and Cl. Needles p-Di-carboxy-di-phonyl-nrsine iodide 
(from benzene) ; fumes in the air; decomposed (CO.^H.C,II,).AsT. [above 2S0®]. From 
by water. (C0Ji.C,II,).As0.011, cone. Ill, and P. Con- 

Di - phenyl - di - ethyl - arsonium iodide verted by a<pieous NaXlO., into the liydroxido 
PhjAsEtJ. [181’]. From Ph.AsEt and Etl. (CO.JI.CJlj.AsOll. {DiboLrarsenious acid ). — 
.Flat white needles. CaA*"2aq. 

Di - phenyl -methyl - ethyl . arsonium iodide 'p-Di-carboxy-di-phenyl-arsiiiic acid 
rh.,AsMeEtI. [170®]. S. PI at 15®; 81-1 at (C0.,1T.C,;M ,).AsO.()il. I)ihnt::ar.^iuic. acid, 
100’. Fiom Ph„.\sMe and Etl or from PhuAsEt Formed from (C;H;)^AsO.Oll and ulkalino 
and Mel. Trimolrio prisms; insol. ether. KMnO, at 60®. Leallets, insol. water, bI. boI. 
Split up by heat i!ito Etl and PJj.AsMe. alcohol. — MeJ-f A'" [above 2S0®]. 

JDt’yirafu'cs.— (Ih,AsMel'll).lHCl,;. [214®]. 7>Tri-CHrboxy-tri-phenyl-arsine 

Pier ate Ph.AsMeKt.O.C^jlLINOJ;,. [95®]. (CO JT.O,Tl,);,As. Tri(>c)i.-:<ir.'^mious acid. From 
Si. Bol. cold water. the following acid and III. Small colouriesa 

Tolyl-arsine chloride C^TIjAsCln. needles.— Na:,A'"2aq. - Ag.,A'". 

Ortho (265®). Para [31®]. (26*7®). 7>-Tri-carboxy-tri-phenyl-ar8ino hydroxide 

From AsCl;, and itiercuric di-tolyl (o- or 7?-). (CO.Il.C,iH,),As(OH)2. Tribrn mrsinic acid. 
Bromine converts them into di-bromo-toluenes. From tri-tolyl-arsino and alkaline KMnO^.— 
Tolyl-arsiue tetrachloride CJljAsCl,. (CO.Iv.CulI,).,AsO. 

Tolyl-arsine oxide CjH-AsO. Benzyl-arsine chloride PhClFABClij. (175°) 

Ortho [115®]. Para [156®]. at 50mra. Formed by heating tri-henzyl-arsino 

From C.H-AsCly and aqueous NaoCOj. Com- wdtli excess of AsCl.,. Easily oxidised by air; 
bine with Cl, forming oxy-chloridcs. PliCII,AsC4 + 0 = PhCTI.Cl-f AsOCl. 

Toluene arsenic acid CIT., C,;F[,.AsO(OIT)2. Di-benzyl-arsinic acid {Ph.Crrj.AsO.OH 
Ortho [160®]. The ^ara comj)Oiind decomposes : [210®]. 

above 300® without previous fusion. -j Pre^^amfion.— Sodium [50 g.) acting upon a 

From the tctracliloride or the oxychloride, ' " * ’ ’ ^ 

OtH^AsOCIj, by treatment with water. The 
ortho acid forms a crystalline anhydride 
CJIjAsO.. — Ag, A". - Ba A". -- CaA" (La Coste a. 

Michaelis, A. 201, 255). 

Di-p-tolyl-arsiiio . chloride (C JI.) ,AsCL 

(c. 343°). From C.H.AsCl^ and Hg(C.TI-).. are then converte<l liv aqueous NaOM into 
Liquid; not alTecled by aqueous Na-CO^. (PliClI ).As().().\a arni (PhCH.,)3ABO (Michaelia 
Chlorine gives (CJl..),AsCl3. * * a. Paetoff, -4. 233, 60). 

Tetra-^j-tolyl-di-arsinewi oxide ( (G,IL).As)20. rropcrti.c.'^.—Vvuvh while plates (from aL 
[98°]. Silky needles (from ether). Ohliiiiicd cohol) ; attacks the mucous membrane ; v. sol, 
by boiling the preceding with alcoholic KOlf. hot alcohol, m. sol. hot Avater, si. sol. ether, 
Di-2)-tolyl-arsinic acid (C.H.Jf.AsO.Olf. When strongly heated it gives benzoic aldehyde 
[167®]. Formed by boiling (C;n,)oA8Cl3 with and dibenzyl. 

water. Oxidised to ‘ dibenzarsinic ’ acid. Salts. — BaA'^Raq. — CaA^baq. — AgA'. 

Tri-p-tolyl-arsino (C;H7)3 As. [145 '"]. Obtained Reaction^.— 1. Cone. II Cl forms AsClj tolu- 

by heating C.n.AsO. ene, and benzyl chloride.— 2. Boiling dilute 

Tri-jp-tolyl-arsine dichloride (CjTI,)3A8Clj. IINO3 has no effect; HNO., of S.G, P3 forms a- 
[214®]. Not attacked by water, coiiii)Outu 1 (PhCH.jjA8(OH)jN03 [129®] ; cone 

voL. I. y 


Roiunon 01 nenzyl cliloriae and Asuij 

( 72 g.) in dry ether (.500 g.) contain; ether 
( 5 g.) forms (PhCJl,),.\.s, (PliClL) AsCL„ and 
(PliCri ).,AsCI... Alcohol extracts the tirst, and 
converts the two latter into (PhCH.J„AsCI(OH).3 
and (l'hCiL).,AsCI{OH) respectively, and they 
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BQ70. foRiiB bensoio and arsenio aoidB.--8. Com- 
)ine8 with HOI forming (PhCHa)^Cl(OH)2 
which crystallises from aqueous HOI in needles 
[128®]; this is decomposed by more water, 
giving (PhCH.^j^AsO.OH again.— 4. IIBr forms 
(PhCH2)2AflO(6H)lIlir. 

Di-bonzyl-thio-arsinic acid (PhCn5j)^AsO.SH. 
[199®]. From di-benzyl-arsinic acid and H.S in 
alkaline solution. 

Tri-benzyl -arsine (PhCIIJ^As. [104°]. The 
preparation is described under di-benzyl-arsinic 
acid {v. sup.). Monoclinic needles (from alcohol). 
Insol. water ; v. sol. ether, benzene, and glacial 
acetic acid; si. so), cold alcohol. Like AsMe.„ 
but unlike AsPIi,, it combines with alkyl iodides. 
It is not affected by boiling cone. HCl. It com- 
bines with S and halogens. Boiling dilute UNO., 
forms benzoic and arsenic acids. An ethereal 
solution gives with an ethereal solution of 
HgCl., a pp. of (rhCIL),AHHgCl, [150°]. 

Tri-benzyl-arsine oxide (PhCH.j3AsO. [220°]. 
From tri-bcnzyl-arsine chloride or oxychloride 
by treatment with alkalis; or together with di- 
benzyl-arsinic acid by the action of wet ether 
upon the product of the action of sodium upon 
benzyl chloride and AsCl.,. Prisms (from dilute 
alcohol) ; v. e. sol. alcohol, si. sol. water and 
ether. 

Tri-benzyl-arsine oxy-chloride 
(PhCIL);,AsCl(OH). [10;}°]. Formed by union 
of HCl with the preceding. V. o. sol. alcohol; 
insol. dilute HCl. 

Tri-benzyl-arsine oxy-bromide 
(PhCH,,)3AsBr(01I). [120°]. Tables (from alcohol). 

Tri-benzyl-araine iodide (PhCII.)aAsI^. 
[c. 95°]. Formed in impure condition by action of 
aqueous 111 on the oxide. Converted by alcohol 
into the oxy-iodide, (PhCH;,),,AsI(OH) aq [78°]. 

Tri-benzyl-arsinc-oxy-nitrate 
(PhCH,),A«(NO.,)(OH). [170°]. Slender needles 
(from alcohol). 

Tri-benzyl-arsine sulphide (PhCII.).,AsS. 
[214°]. Prisms (from glacial HOAc). insol. 
alcohol and ether. 

Tri-benzyl-methyl-arsonium iodide 
(PhCHJjAsMoI. [143°]. From (PhCH2),Asand 
Mel at 100°. Slender needles (from water). 
Gives with moist Ag,.0 the alkaline hydroxide, 
(PhCH,)3AaMe(OH). * 

Tri-benzyl-methyl-arsonium chloride 
(PhOH,),AsMeCI.[20i°]. - Platinochloride 
({PhCH,)^sMo),PtCle. [173°]. 

Tri-benzyl-othyl-arsonium iodide 
(PhCH„)3A8Eti. [148°]. White plates (from water), 

Tri-benzyl-propyl-arsonium iodide 
(PhCn,)3AsPrI. [110°]. The isomorido, 
(PhCllj)jAsPrl melts at [143°]. 

Tri-benzyl-isoamyl-arsonium iodide 
(PhCH,),AB(C,H„)I. [146°]. 

Tetra-benzyl-arsonium chloride 
(PhCH,),AaCl. [IGO ’]. From (PliCIlJaAs and 
PhCHoCl at 170°. Triclinio crystals containing 
aq (froiri water); insol. dilute IICl. Con- 
verted by aqueous KBr into the bromide 
(rhCHa)<Asl}r, [173°], and by aqueous KI into 
the iodide, (PhCH..)^AsI, [108°], which forms 
a periodide, (PhCiy.Asfa, [150°]. Moist Ag,0 
forms an alkaline liydroxidc, split up by heat 
thus: (PhCJI,),As0li-.PliCH,4 (PhCH.,),A80. 

Platinochloride ((PliCnj4AB),PtCl.. 


Bl-naphthyl di-aneidde 0,,H,JUi:A8.0,oH,« 
Ar8&)i!M-naphthal&n$, [221®]. Prepared bv heat* 
ing an alcoholic solution of naphthyl-arsina 
oxide with phosphorous aoid (Micbaelis a. 
Schulte, B. 16, 1964). Slender yellow needles; 
si. sol. alcohol, benzene, CS^ and chloroform ; 
in sol. water and ether. Converted by Cl into 
C,oH;AsCL. With sulphur it gives CjoHyAsS. Itis 
oxidised by HNO;, to naphthalene arsenic aoid. 

Naphthyl-arsine chloride CioHjAsClj. [63®]. 
From mercury ui-naphthyl and AsClj. Crystalline 
powder ; insol. water, v. sol. alcohol. 

, Naphthyl-arsine oxide CmH^AsO. [246®]. 

: From the preceding by treatment with aqueous 
i Na.COj. Powder; si. sol. alcohol, ether, and 
; water. On dry distillation it gives C, As, and 
naphthalene. 

Naphthalene arsenic acid C,oIIjAsO(OH)2. 
[197°]. Needles. Formed by action of water 
on C,„II.AsClj, which is obtained by treating 
C,„n-AsCL with chlorine (W. Kelbe, B. 11, 1603). 

ASAFffiTIDA. A gum-rosin obtained by drying 
■ the juice contained inthe root of Fcrulaasafoctidat 
i a Persian plant. Potash fusion gives resorcin 
I and protocateedmic acid. Asafestida contains 
I ferulic acid (g'.v.), but its odour is due to 3 p.o. 
of an essential oil (135°-140°) which appears to 
bo a mixture of C, JL.S and C,2H,,.,S.j. Its alco- 
holic solution is ppd!* by HgClg (Pelletier, Bull 
Pharm. 3, 666; Johnston, P. M. Dec. 1838; 
Hlasiwetz, A. 71, 23). 

ASARITE.— Impure asarone. 

ASARONE C,,.H„0.,. [59°J. (296°). S.G. W 
1*106. Contained in tlie root of Amrum euro- 
preum. Needles or plates ; v. sol. alcohol, ether, 
i and glacial HOAc, si. sol. hot water (Hlanehot a. 
i Soil, ^.6, 290; C. Schmidt, A. 53, 156; Butle- 
row a. liiz/.a, D. 17, 1159 ; Bl. [2] 43, 114; Po- 
I lock, B. 17, 1416). 

ASCLEPIONE C.,oH 3,0.,. [101°]. Extracted 
I by ctlicr from the coagulum got by heating the 
milky juice of Asclcpias syriaca. Radiating 
crystals ; insol. water and alcohol. Not attacked ’ 
by boiling KOHAq (List, A. 69, 125 ; Gram, C. C. 
1880, 735). 

ASEBOTOXIN. C. 00*6 p.c. ; H. 7*4 p.c.; 
0. 32*1 p.c. [120°]. A glucosido extracted by 
water from the leaves of Andromeda japonica. 
Brittle mass. TJie addition of cone. HCl to its 
alcoholic solution gives a blue colour (Eijkman, 
B. 1, 224 ; Ph. [3] 13, 305). It is accompanied 
by n glucosido, asebotin CoiH^^O,., crystallising 
in yellow needles [147*6°] and also by asebo- 
qucrcctin and asnbofusoin C,BH,gO* 

(Eijkman, /.'l833, 1410; P. 2, 99, 200). 

ASH OF ORGANIC BODIES. 

The inorganic constituents contained in 
vegetable and animal •products are usually 
determined by incineration of the substance, 
and determination of the weight and composition 
of the ash. The first question to be considered 
is - Docs this ash accurately represent the inor* 

I ganic constituents of the substance ? 
j The sulphuric acid originally present is un* 
j doubtediy but imperfectly represented. TliC 
: hiudeney to the reduction of sulphates .to 
' siil[)hides during ignition with carbonaceous, 
and especially with nitrogenous, matter, is 
generally overborne by the oxidation of the 
sulphur contained in the albuminoids. The 
sulphuric acid found in the ash is thus greater 
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man that originally present ; it entirely fails, 
however, to represent the sulphnr present in the 
original substance ; this must be determined by a 
special experiment. 

The carbonic acid originally present in the 
snbstanco is generally quite undiscovorable by 
an analysis of the ash. Carbonic acid may bo 
lost by the decomposition of calcium and 
magnesium carbonates during ignition; or by 
the decomposition of carbonates by the action of 
silica, or of phospliates containing less than 
three equivalents of base. On the other hand 
carbonates are produced when tribasic alkali 
phosphates are ignited with carbon ; they are 
also forjned in large quantity during the incinera- 
tion of organic substances containing nitrates, 
or salts of organic acids. Treatment of an ash 


Phdsphorio ttdid may bo lost if acid phoo> 
phates are heated to a high temperature with oar* 
bonaceous matter. The alkali metals are also 
liable under some circumstances to suffer loss 
by volatilisation. 

The ash constituents are obtained with the 
smallest loss when the ignition is conducted at 
a low tem])erature, preferably in a miiflle. In 
some cases an excess of linio or b.aryta must be 
added to prevent losses of phosphoric acid and 
chlorine; this treatment also prevents the fusion 
of tlie ash (Strcckcr, A, 73, 300). 

1. Asii OF Animals. —The proportion of ash 
in some of the principal parts and products of 
the animal body, and its percentage composi- 
tion, are slmwn in the following table. The 
figures arc taken from Wolff’s Aschen Analyses 


ASTI OF ANIMAL PAETS AND PEODUCTS. 



Number 

of 

Analyses 

Pure 
U'-li in 
KiC ilry 
sub- 
slatioe 

100 parts of pure ash contain 

KjO 

Na.O 

CaO 

MgO 


P.0, 

SO, 

SiO, 

a 

Blood, lin man. 

4 



2r>*() 

24*1 

0*9 

0*5 

8*2 

8*8 

7*1 



30*7 


7 

3*77 

7*0 

45*0 

1*1 

00 

9*4 

5*3 

31 

0*8 

31*4 

„ calf , . 

2 

— 

11*2 

41*0 

1*8 

1*2 

8*3 

7*8 

1*3 



34*7 

„ ^hcep , 

2 

— 

7*1 

15*0 

1*1 

00 

9*6 

5*5 

1*9 

— 

35*8 


3 

4*29 

23*3 

29*4 

1*3 

1*4 

8*9 

12*2 

1*0 

— 

28*5 

„ horse . , . 

1 

— 

29*5 

21*2 

1*1 

0*0 

9*5 

8*4 

6*3 



28*6 

» dog 

8 

— 

:{7*i 

39*9 

1*0 

1*1 

9*0 

12*0 

3*3 

— 

32*0 

Flesh of mammalia 

8 

4*32 

7*0 

10*1 

2*4 

3*2 

0*4 

41*2 

1*0 

0*7 

4*7 

„ fowls. . . 

2 

— 

30*9 

18*7 

3*3 

4*2 

— 

30*4 

— 



8*1 

,, marine fish 

1 

— 

21*8 

14*9 

15*2 

3*9 

— 

31*5 

— 

— 

11*4 

Meat extract . , . 

11 

20*89 

43*9 

12*8 

0*7 

3*1 

0*4 

29*8 

2*2 

0*9 

10*0 

Meat flour 

2 

1*80 

5*4 

3*0 

22*4 

3*5 

13*3 

-13*5 

1*2 

0*9 

1*8 

Bono of ox carcase . . 

1 

— 

— 

- 

53*5 

1*0 

0*2 

40*3 

— 

0*5 



Wool, unwashed , , 

3 

8*33 

79*4 

4 * 3 ! 

2*4 

0*6 

0‘7 

1*0 

4*7 

2*9 

4*5 

„ washed. , , 

1 

1*11 

19*1 

2*7 

24*7 

6*0 

18*2 

3*2 

— 

25*3 

0*8 

Colostrum, cow . • 

1 

1*18* 

7*2 

57 ; 

34*9 

2*1 

0*5 

41*4 

0*2 



11*8 

Milk, luiman . . . 

4 

0-19* 

33*8 

9*1 

10*7 

22 

0*2 

22*7 

1*0 



18*4 

„ cow . . • 

9 

0*72^ 

24*1 

6li 

23*2 

2*0 

0*4 

28*0 

1*3 

— 

13*5 

„ ewo • . . 

2 

0*73-» 

21*3 

3*8 

29*3 

0*1 

1*0 

36*8 

1*6 

2*0 

7*5 

„ mare • • . 

1 

0-37'' 

25*1 

3*4 

30*1 

3*0 

0*4 

31*9 

— 

— 

7*5 

„ sow • . • 

1 

1*05* 

0*2 

6*7 

39*2 

1*8 

0*9 

37*2 

1*3 

— 

9*3 

„ bitch . . . 

2 

0-73* 

11*9 

5*8 

33*7 

1*6 

0*1 

37*2 

— 



131 

Whey, cow 

3 

0-51* 

30*8 

13*8 

19*3 

1 0*4 

0*0 

17*1 

2-7 



15*8 

Hen’s egg, without shell. 

3 

3*48 

17*4 

22*9 

10*9 

' 1*1 

0*4 

37*6 

0*3 

0*3 

9*0 

„ white 

3 

4-01 

31*1, 

31*6 

2*8 

2*8 

0*0 1 

4*4 

2*1 

1*1 

28*8 

„ yolk 

3 

2*91 


5.9 

130 

2*1 

1*7 

65*5 

— * 

0*9 

1-9 


• These uumbers represent per cent, of pure ash in fresh substance. 


with ammonium carbonate, and re-ignition, is 
sometimes employed with the view of converting 
caustic lime and magnesia into carbonates. Such 
treatment converts shlphides and cyanides into 
carbonates ; sulphate of calcium is also partially 
converted into carbonate if only a small j)iopor- 
tion of alkali carbonate is present. Treatment ; 
with carbonic acid water is more free from objec- 
tion, but its action is slow. 

The chlorides found in an ash igay be below 
the truth from volatilisation of alkali chlorides, 
if too high a temperature has been employed ; or 
from loss of hydrochloric acid due to the action 
ol organic acids produced during the charring 
of the organic matter ; or from a similar action 
of silica, or dibasic phosphates, at a higli tem- 
perature. 


(1880), with the exception of the analysis ol 
bone ash, which is quoted from C. J. 24, 80s. 
The bone-ash represents the mean composi* 
lion of all the carcase bones of the ‘fat ox* 
analysed at Eothan sted. In this analysis, 
alkalis, and sulphuric and carbonic acids, were 
not determined ; the whole amount of these con- 
stituents was, however, but 4*5 p.c. The 'pure 
ash ’ in WollPs Tables is exclusive of sand, 
charcoal, and carbonic acid. 

The amount of ash yielded by the entire 
bodies of the principal animals reared on the 
farm, and its composition, have been determined 
by Lawes and Gilbert (T. 1883. 885) ; they also 
separately analysed the ash of the carcase and 
j offal parts. The percentage composition of the 
I ash of the entire bodies of caU, ox, lamb, sheep, 





liL »6K IK^ alodhol. j 

Seactions.^l. Gives on (oxidation benzoio 
ioB nnd tri-phenyl-carbinol.— 2. Heating with 
•looholio KOH produces tri-phenyl-methane 
Imd benzoio acid (Zagumenny, Bl. [2] 3i, 330). 
3 . Bednced by HI to 5-totra-phonyl-etliane (?). 

BENZPINACONE i.e. 

Pha.C{01l).C{0H).Ph.. Tetra ■ phnvjl - ethykne 
glycol. [168^J. S. (beruene) 3-8 at 80'^ S. 
(HOAc) 8’7 at 118^; S. (Oo p.c. alcuhol) 2'5 at 
80^ 

^on«a/ion.-~ From bi'nzophonono by ro- 
daoing the alcoliolio solution with Zii and 
HjSO| (Linneinann, A. 133, 20) or a sulutiou in 
acetio acid (10 pts.) diluted with water (2 pts.) 
with zinc (Zagiunenny, J. Jt. 12, 120). 

Properties. -Minute i)risms, si. sol. boili)ig 
alcohol, V. sol. etlicr. On fusion it .splits up int(» 
benzhydrol and Len/ophcnono (Tliornor a. 
Zincke, B. 10, 1473). 

Reactiom. — 1. Chnmlc acid oxidises it to 
benzoplioiionc. — 2. Sodimu amiil‘!>nn reduces it 
to di-phcnyl-carbinol.- 3. Iteadily converted 
into (a) or (5) benzpinaeoline by dehydr.ition ; 
this is efifectcd by llzCl, AcCl, dilute acids, or 
even by rocrystalli.sation from alcohol (Za.).- 4. I 
AOjO gives b(’n2hydrol and benzopheiione. - 5. 
HI and P at 170^ give telra-phonyl- ethane 
(Graebe, B. 8, lOol). 

BENZ-XTRAMIDOXIM C«II,.X, i.e. 
C,H,.C(NOH)(NH.CO.NH,). [115"]. Formed by 
the action of potassium cyanato upon ben/.- 
amidoxim hydrochloride in cone, aqueous solu- 
tion (Falck, B. ID, 118i»). Long thin wlnto 
needles. V. sol. alooliol, other, benzene, and 
ligroin, si. sol. water. 

BENZ - UBANIUDOXIM C„H„NA i.c. 
0,H,.CjNOH).NPli.CO.NII,, (?). Jiem - phenyl- 
uramiaoxini. [1G7*^]. Formed by tlie act'on 
of potassium cyanato upon benzanilidoxim 
hydrochloride in concentrated aqueous solution 
(Muller, B. 19, 1671). Yellowish needles. Sol. 
alcohol, ether, benzene, and chloroform, insol. 
water. 

BENZYL. The radicle phenyl-metliyl, 
OfHyCH,. It is isomeric with methyl-phenyl 
or tolyl 

BIBENZYL V. s-Dr-pHE.NYL-nruANK. 


Di^phenyhisobmym doid 
[85®]. ObuUned by saponifying the othw^ by 
heating di-benzyl-malonio ether with aleoholii 
j I^H (Lellmann a. Schleich, B. 20, 4391, or by 
' heating di-bcnzyl-malonio acid (BisohoN a« 
Siebert, A. 239, 101). 

jPro^>iTftV.<.— Prisms (from ligroin), si. soU 
cold water, v. sol. alcohol. Heated with soda* 

I lime it gives di-hen/.yl-mcthane. 

I Salts.-- Ag.V: Irimelric prisma, sol. boiling 
[ water (Michael a. Palmer, Am. 7, 70). -IJaA',. - 
CaA'Aq. 

I EtA'. (above 300 ). Formed, 

together with ^-phenyl-propionic ether by 
[ heating ucctio ether willi benzyl chloride and 
sodium (Lvdia Sesemanu, B. 6, 1086 ; Merz a. 
Weith, B. io, 759). 

BENZYL-ACETO-ACETIC ETHER . . p. 21. 

BENZYL-ACEfONE C„I1,. 0 i.e. 

C,II,.C11 ,.CTI,.CO.CH,. Mef/lyl plunylethyl le- 
tone. (236^). S.G. -989. 

Formation.— 1. By the dry-dislillntion of a 
mixture of calcium hydrocinimmateand calcium 
acetate ; the yield is 33 p.c. (.Jacicson, Jl 1 J, 890). 
2. From benzyl -aeeto- acetic ether by boiling 
with alcoholic KOH (Ehrlich, A. 187, 15). 

Properties.— Oil. Combines with NallHO, 
forming 0,jlI,,,OXaHSO,aq. Oxidised by CrOg 
to acetic and benzoio acids. 

BENZYL-ACETONE 7.CARBOXYLIC ACID 

V. AOKTYL-I’IIKNYL-l'UOl'loNrO ACID. 

Benzyl-acetone o-carboxyllc-acid C,,H,,.0, 
i.e. CO.,H.CVI,.CH,.CI4CO.OH,. [IM’J. Ob- 
I tained by boiling o-carboxy-benzyl aeeto acetic 
I ether with baryta-water (IJiilow, A. 2:16, 192). 

; Slender needles (from water), 
j BENZYL-ACETOXIM v. Acktoxim, ]). 38. 

I BENZ^- ACETYL -SUCCINIC ETHER v, 

, Aciri YL-ni^ZYL-KlCCINIC KTIIRU, p. 39. 

i^-BENZYL-DI-ACETYL-PYRROL v. Hi nzyl- 
PyitUYI.K.VR-DI - ‘ilKrH YL K KT- >NK. 

BENZYL ALCOHOL C,H,0 i.c. C,H,.CH,^.OI 
Mol. w. 108. (206-5"). S.O. f 1-0129 (Hruhl 
H. 4 at 17®. 1'5518. It ,, 53-16. H.F. 38,73 

' (Slidim.mn, J.pr. (2j 36, 4). 

' (Jrcnrrcnce. — Jialsam of Peru contains benzy 
I benzoate, benzyl ciiinamatc and small quantitiei 
I of benzyl alcuJiol (Kraut, A, 152, 129). Liquu 


BENZYL- ACETAMIDE v. Acel </ 1 ■ Bv.szyh- . 
utom. \ 

BENZYL ACETATE C,H,.CH,.O.CO.CH,. ' 
f206®L S.G. iSI? 1-067. From benzyl alcohol 
(2 vols.), acetic acid (4 vols.) and ILSO, (1 vol.), 
or by boiling benzyl chloride willi alcoholic 
KOAc (Cannizzaro, A. 88, 130). Formed also 
br boiling a mixture of benzoic aldehyde and 
glacial acetic acid with zinc-dus^(Ticniann, B, 
19, 355). Oil, smelling of pears. SodiunifAci- 
ing upon benzyl acetate docs not form benzyl 
aeeto-acctato but the chief pre<luct is benzyl 
fi • phenyl prop ionato : 4CH,.Cu^C , H , -f Na.^ =» 
BOHjCOjNa + 2C,H,.CH,.C0,C,H, e II,, and by 
a secondary reaction, sodie phenyl -propionate, 
SOdie phenyl-acrylate, and toluene : 

2C,H..CH,.COAH, + Na,« 
C,H,OH,.CO,Na + C,U,.CH <JH.CO,Nft + 30,n,OH. 
(Conr^ a. Hodgkinson, A. 193, 300). 

BBV2YL.ACSTI0 ACID v. B-Peentl pnopx* 
MIdMflS. 


sloraxconlainsben zylcinnamato (LaubenheimeP, 

A. HJv, 28b). Halnam of tolu contains benzyl 
cinnamuto and some benzyl benzoate (Husse, 

B. 9, 830). In small quantity, together with 
benzoic aldrdiydc, prn.^sic tueyl, and a rcsin 
in llie volatile oil o5 elierry-laurcl (Tilden, Ph, 
[3] 5, 761). 

Formation. -1. Toj'eiher with KOHz by lbs 
action of alcoholic dii b<mzoio aldehyde 
(i’auiiizzaro, .4. kh, 129). 2. From benzyl 
cliloridci by cotivcrtiiig it into benzyl acetate by 
alcoholic KOAc, and boiling liie j»roduct wiUl 
alcoholic l\'>li {Cannizzaro, A. 96, 2i0).— ;• 
3. From benzyl chloride by heating with ‘ 

! aqueous solution of K^CO, (Meunier, Bl, [2} ^ 
38, 159) ; with water (10 pl.s.) and freshly ppd. ' 
Pb(OH)j (3 pts.) (Lauth a. Grimanx, A. 143, 81); j 
or merely with water (30 pts.) (Niederist, iU| 
196, 853). — 4. From balsam of Peru by boililli ] 
with aqueous KOH (Kachler, J. jjr, 107, 807).— * ; 
5. By the action of sodium-amalgam upo0 
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btnizoio (Friedel, J. 1862, 263), bensoio {$)-Naphtkyl $th$r 0, AO.CH,Pli. 1:92*1. 

ftoid, wid (Hermann, i. 182, 76; From (6)-naJ>hthol (70g.), KOH (27 g.), a Uttle 

188, 885), benzoyl chloride in presence of HCl water and alcohol, and benzyl chloride (70 g.). 
(Lippmann, Bl. (2) 4, 249), or benzamide White plates (from alcohol). No smell. Not 
(OuareBchi, Q. 4, 465). • volatile with steam (Staedel, A, 217, 47). 

Preparation.^lO pts. of benzaldehyde are Other benzyl ethers are described under the 
shahen m a stoppered cylinder with a solution hydroxylated compounds from which they are 
of 9 pts. of KOll in 6 pts. of water, and lefh to derived. 

stand over -night. Sullicient water is then added 1 BESZYL-o-AMIDO-ACETOPHENONE 
to dissolve the potassium benzoate which has 1 CaH,(NHC,H,).CO.CHs. [81°]. Formed by heat- 
separated, and the solution is extracted with ; ing o-amido-acetnphenone with benzyl chloride 
ether; after evaporating the ether the residue (Baeyer, B. 17,971). Large prisms. V. sol. 
is distilled ; the yield is 92 p.c. of the theoretical. ; alcohol, ether, benzene, chloroform and CS^, si. 
Benzyl alcohol cannot be <lricd with CaCI, as it sol. ligroin. Weak base, 
combines with it (Meyer, B. 14, 2991). i Nitrosamine CJI,(N(C,H,).NO)CO.CHj 

Properties.— hi{[uh\ with little odour, si. sol. [55°]; long colourless needles. By heating with 
water, sol. alcohol atul ether. : H.SO, it gives a mixture of indigo and benzyl- 

lieuctums. - 1. Oxidised by dilute HNO, or indigo, 
air and platinum black to benzoic aldehyde, and BENZYL-o-AMIDO-BENZOIC ACID 
by CrO, to benzoic acid. 2. Ill and B at 140° CjH^NU.CaH^.CO.H. [176° uncor.]. Foimed to- 
reduco it to toluene (Oraebe, li. H, 1051). - ^ gether with its formyl derivative by oxidation of 
8. Alcoholic KOH fornis toluene and benzoic benzyl-quinolino w’ith alkaline KMnO,. Long 
acid (Catmizzaro, A. 90, 259). 4. Cone. ILSO„ ! needles or thick prisms.* 
l\Oj, and ZnCl.^ form a resin (Cannizzaro. .1*. 92, Salts C,,H„N0JIC1 : [105° uncor.]; large 
1131.- 5. BA at 110° forms di benzyl oxide tables.— NO,)‘ 11,01,1*101, : [158° uncor.] ; 
(CjlIyCHj) !). ~6. Solid ( //rtnof/en forms orange yellow tables. 

ben 7 -ylcarbamaleanddi btuzyl-uiea((.’aunizzaro, ‘ Fonnyl derivative C,HjN(CIIO).C,A‘CO,,H 
0.1,33 ; 7i. 3, 517). 7. Un-a nitrair at 120° [196°]; largo colourless tables (Claus a. 
forms di-benzyl nrea and benzoic abbdivile,; at Glyckherr, L'. 16, r2'<3). 

140’ it forms beti/.yl eaibamatc (Campisi a. BENZYL-AMIDO-IRI-PHENYL-METHANE 


Amato, U. 1, 39). H. BCl, forms .v di phenyl- 
ethane and benzyl chloride (Coimclor, li. 10, 
1655). 

Methyl ether 0„H.,.01I „()Me. (168°). From 
benzyl chloride, KOlI, and MeOll (Sintenis, .1. 
161, 331). Also from benzyl siilpliide, methyl 
alcohol, and Mel ((^ahours, .1. Vlt. |5'i 10, 2.U. 

Kthyl ether OJI..('H,.()I'',t. (Jives 

anthraeene when heated with 1*3 h. Cdilorine 
in the cold forms ilC), ethyl ehyi’ide, and 
O.ILCHO ; at a higher tempi'ruinro it gives 
KtCI and benzyl chloride, ('hlorine in the cold 
in nresiuu’c of 1 forms chloro benzoic aldehydes 
and Ktl (Sintenis, A. 161, 331). Hr forms in 
t)m cold ilHr, MtHr, h(<nzyl bromide, benzoic 
aldehyd(*, and HzHr (Huterno, H. 5. 2H8). 

Isobutyl e//icr (’JI..CH,.U.G,IL. (c. 210°) 
(Claus H. Trainer, li. 19, 3(I0»’»), 

Phenyl ether I’hU.C'If.J’h. f.39’}. (287°). 
From phi'iiol-putassium, benzyl cltlorido and a 
litllo alcohol at 100’ with invi-rO-d condenser 
for 3 hours (Star lei, ,1. 217, U;*Lauth a. 
Grimaux, A. 113. t^intenis, .1. 161, 337). 
Ghtteriug white plates wliieli leeJ greasy (from 
aletdiol). Cone.Ji<'^ at 100 ’splits it up into 
phenol and benzyl clilorido. (Jlilorine in pre- 
seneo of HgG forms the chloro-plieiiy 1 ether, 
C.HyCH..G.CJi,Cl 171“]: bromine fonns simi- 
larly C„n,.CH,.().C,H,l(|; i60 . 

O’Tolyl ether lo.CJI,.CH, [1;2]. 

Bcfuyl o ctwiyl oxide. ( Js V’ 2t»0 3 (Staedel. B. 
14,899). 

m^Tolyl ethifr CJ1,.C1I,.0.C,H,.CA [1:3]. 
[48°]. (300 ’-305 '), Satiny tablets. 

p^Tolyl C,H^.CH,.O.C.H,.CA flH]. 

[41°]. Frotn potas.‘«i^im p crosol, a little alcohol, 
and benzyl chloride '(Staedel, A. 217. 44). The ' 
yield is 86 p.c. \V hittlsilky scales or tran.sparent | 
lix-sided columns (fuuu alcohol). Feels greasy*. I 
An oil, decomposed ; 
biy aistdiation. < 


BhANH.CllHh. [110°]. The hydrochlo- 
ride BTICl [249°] is formed by tho action of 
benzyl chloride on w-aniido-tri-phcnyl-methane 
(Klbs, IL 17, 703). 

Dl-benzyl-amido-di-pheuyl-methane 
l>h.CH,.C«H.N(C:HBh).,. From aniline hydro- 
chloride and benzyl ehlorido at 120°. Also 
from acetanilide and benzyl chloride at 120°, 
While amorphous powder (Meldola, C. J. 
11,^00). Soltiblo in benzene. Solutions have 
a blue lluorescenco. 

BENZYLAMINE CJI„N i.e. C,H..CH,.Xn,. 
Mol. w. 107. (184°). S.G. ‘4 -99. 

Forwitlion. — 1. Together with di- and tri- 
oenzylamine by heating benzyl chloride with 
alcoholic Nil, (Cannizzaro, .1. 131, 128; Lim- 
priclit, zl. Ml, 301). - 2. 'I'ogether with di- and 
tri-benzylaniine by tlm action of Zii and IICl 
upon benzouitrilo (Mendius, A. 121, 144 ; Spica, 
(1. 10, 515), -3. By reducing thiobcnzaniido 
(\n.,.CSNH.^ with Zn and llCl (Hofmann, B, 
^1, 102). —4. From benzyl cyanato and KOH 
’(Strakosch, B. 5, 602). - 5. By saponification ot 
it.s acetyl derivative, obtained by the action of 
acetamide on benzyl clilorid'- (liudolph, B. 12, 
1297).- 6. By the action ot bromine in alkaline 
solution on phenyl-acct-anndc C H 
the yield is 60 p.c. of the theoretical quan- 
tity (Hofmannf if. 18, 2738; Hoogeworff a. 
Van ^rp, li. T. G. 5, 252). -7. Together with 
toluene, by energetic reduction of l\ydrobenz- 
amide dissolved in ahsulute alcohol by means of 
sodium or sodium-amalgam ; vei^ good yield 
(0. Fischer, B. 19, 748).— 8. By reduction of an 
^cohoiic solution of benzaldehyde-phenyl-hy- 
drazide by means of sodium-amalgam and acetic 
acid (Taftd, B. 19, 1928).— 9. By reduction of 
benzaldoxim (6 pts.), dissolve in alcohol 
(15 pts.), at 50-60° with sodium-amalgam (160 
pts. of 24 p.o. Na), keeping acid by graanal 
addition of acetic acid ; good yield (Goldsohmidti 
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ASH OF OR^^IO bodies. 


The ash constituents which enter the circula* 
tion of the plant are (1) partly employed in the 
.formation of new tissue ; (2) partly deposited as 
^iticrusting matter on the older tissues ; while (3) 
*^V>luble salts that are of no advantage to the 
P“ant first accumulate in the sap, and then are 
dually removed from the plant by the action • 
P, ^ lin, and possibly by diffusion into the soil 

+1 ^ rpv,,. 


of the animal body is also given. The latter 
will afford data for calculating the loss which 
a farm suffers by sale of stock. The fasted live- 
weight is inclusive of contents of stomach and 
intestines, but the constituents of these con- 
tents are not reckoned among the animal con- 
Iitituents. The ‘ pure ash ’ is inclusive of 
carbonic acid. 

2. Asii OF Plants. Tlie composition of the 
ash of plants of agrumltural iinportance will be 
given under tlie lujadings of tlie dilTerent crops, 
some general considerations will, however, be 
best made in the present place. 


I. (, roots. The ash constituents most 

^^onsumed In the formation of tissue are 
po cisfi^ and phosphoric acid; in all the actively 
L'rowir pjjj.tg plant potash and phosphoric 
':ireatlv nrenondoratc. Macrne.sia. lime, 


growir^, 

acid 




K/) 

N;i^O 

CaO 


Fat calf 


G-'l 

3-8 

44-0 

2-2 

Half-fat ox . • 


4-1 

3-1 

45-3 

2-0 

Fat ox . , 


4'r) 

3-0 

•lG-() 

1-5 

Fat lamb . 


3-7 

3-G 

41G 

1-8 

Store sheep. 


Gdl 

3-0 

-ini 

1-8 

Half-fat old sheep 


3-3 

3-4 

J4-4 

1-7 

Fat sheep . 


r>-5 

3-0 

«J t-G 

1-8 

Very fat sheep . 


r>'r> 

4-5 

43-3 

1-9 

Store pig . 


7' 1 

1-2 

40-G 

2-0 

Fat pig 


8‘<> 

4-4 

38-5 

2-0 

Coinposiiion of Animal BodieSy 

per 1,0 



T'at 

Ifiilf-fiit 

Fat 0.x. 

Fat 



Calf. 

Ox. 

Laiiil). 

Contents of stomach 





and intestines, moist 

32*0 

82-0 

GO-0 

85-0 

Water . 


030-0 

515-0 

455-0 

478-0 

Fat 


1180 

191-0 

301-0 

285-0 

Mitrogenoua substance 

152-0 

IGG-O 

115-0 

123-0 

Crude ash . 


38-0 

40-0 

39-2 

29-1 

Pure ash 


37-8 

4G-1 

38-8 

28-9 

K^O a . . 


2-OG 

2-05 

1-7G 

1-GC 

Na.,0 • 


1-48 

1-4G 

1-2G 

1*03 

CaO • • 


IGIG 

21-11 

17-92 

12-81 

AlgO . • 


0-7it 

0-85 

O-Gl 

0-52 

Fo .Oa , 


0-21 

0-41 

0-21 

o-2(; 

PjO, . 


15-35 

18-39 

15-51 

11-20 

SO, . . . 


0-11 

0-38 

0-33 

0-:’.9 

SiO, . 


0-05 

013 

OOG 

0-12 

Cl . . **'■. 


0-(>3 

0-59 

0'55 

0-5:) 

CO 


0-47 

0-87 

0-71 

0-43 




P,0, 

SO 3 1 


Cl 

^1-5 


40-4 

11 

0-1 

1-0 

^.*0 


10-2 

0-9 

0-2 

1-2 

0 * i 


39-8 

0-8 

0-1 

1-5 

^ a 


39-0 

1-2 

0-3 

1-9 


39-0 

1-8 

0-7 

2-3 

1-4 


39-2 

1-1 

0-G 

1-6 

1-0 


38-7 

1-0 

0-9 

1-0 

1-0 


38-7 

1-0 

0-G 

2-3 

0-9 


40-1 

2-3 

0-2 

2-2 

0-8 


40'1 

2-2 

0-1 

2-8 


.Sheep. 


GOO 

0730 

187'0 

MS-O 

3tG 

30-G 


1-74 

1-20 

i:h21 

Obi; 

()-37 

U-88 

0-52 

0-21 

0-72 

0-37 


illalf-fat 

ol.l 

Fat 

Sheep. 

Very fat 
Slieep. 

store 

I’ig. 

Fat Pig'. 

91-0 

CO-0 

52-0 

62-0 

40-0 

502-0 

434-0 

352 0 

551-0 

413-0 

235-0 

350-0 

458-0 

23it0 

422-0 

110-0 

122-0 

109-0 

137-0 

109‘0 

31-7 

28-1 

29-0 

20-7 

lG-5 

30-6 

20-8 

28-C 

2G-5 

lG-3 

1-08 

1-48 

1-58 

1*9G 

1-38 

1-04 

0-97 

1-29 

1-10 

0-73 

13-50 

11-84 

12-40 

10-79 

6-36 

0-52 

0-48 

0-55 

0-53 

0-32 

0-42 

0-34 

0-30 

0-22 

0-13 

•11-99 

10-40 

11-08 

10-GG 

6-64 

^0-35 

0-31 

0-29 

0 53 

0-29 

TO-20 

0-20 

0-1 G 

0-05 

0-03 


0-44 

0-GG 

0-57 

0-43 


0-41 

0-19 

0-21 

021 


The ash constituents of a jdant are obtained 
from the soil by tlic roots. AH matters in the 
soil which are soluble and dilYu.siblo wdll enter 
the plant by tho root, the abundant evaporation 
of water from the surface of a growing plant 
maintaining a rise of liquid in tho capillary 
vessels. The substances enteriug the plant are 
not, however, limited to those existing in solu- 
tion in tho soil, as tho roots of plants exorcise a 
solvent or digestive action on constituents of tho 
soil not otherwise soluble in water. Tho wide 
differences in the assimilating powers of tlie 
roots of dilTerent plants are well illustrated by 
the special assimilation of alumina by the Lyco^ 


oxide of iron, am'^^ sulpliuric acid, must also be 
rcckon.=.l as p,a„t '^-rowth. The 

iiicrus-liiis^s i calcium salts and 

s.hca; these are precipitated in tho 

leaves, where evapo^^^ij ,pj^ 

soluble salts re.nai'..,,, 

fJS^odi&r^ 

A viKorous plant wihj f^om a rich soil » 

w 11 T 1/ il* “1* constituents, es- 

pecmlly of alkuh salts, necessary foi its 

growth. For the same rca ^ ^ , 

diltcrcnt soils may yield ^ „e.y^di£terent ash® 


Thus a clover or bean 


very different ash. 
it will be rinb jn 
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potash or lime according as one or the other 
preponderates in the soil. On the other hand 
plants clearly exercise a selective power^ potash 
being stored up in large quantity, though soda 
rather than potash may be abundant in the 
soil. This selective power is apparently not 
a property of the roots, but simply results from 
the fact that potash is removed from the sap to 
form tissue, while soda is not ; potash salts can 
thus continue to enter tho roots by diffusion or 
otherwise, while sodium salts having accumulated 
in the sap tho tendency of diffusion is now for 
them to pass through the roots into the moist 
soil (see Dch6rain, Cours de Ghunic agricolc 
[1873] 77). The Kothamsted experiments show 
that potash greatly preponderates in hay, and in 
barley straw, when the soil supplies a sutlicient 
quantity; but when potash fails, soda is retained 
by the plant to a considerable extent. 

The variations in the composition of the ash 
of any plant do not extend to tho seed ; the ash 
of this is of very definite composition whatever 
the nature of tho soil. Tho ash of a seed con- 
sists chiefly of potassium phosphate; soda is 
practically absent. 

Wliile tho seed is forming, a migration of 
phosphoric acid and potash, and of nitrogenous 
matter and carbohydrates, sets in from all j^arts 
of the plant, the roots inclu<led ; a great part 
of these important constituents is finally 
stored in the seed. The extent to which tho 
exluiustion of the plant, and the enrichment of 
the seed, ]iroceeds, depends on the climate during 
tlie ripeiiing period. K. W. 

ASPARAGINE 

C,U,N,A CO,H-Cir,.CTT(NH,).CO.NH, or 
CON I l.MCrLCH(N H.J.COJI. A mida-sticcimanic 
acid. M. w. loO (containing aq) S.G. ^ 1*52. S. 
0. 1-8 at 10-5°; 63 at 100''-’. Occurs in juice of 
most plants, especially in growing buds and 
germinating seeds {c.g. asiiaragiis, marsh-mallow, 
comfroy, potatoes, deadly nightshade, chestnuts, 
liquorice root, lettuce, convolvulus root, dahlia 
tubers, young shoots of vetch, peas, beans, and 
other leguminous plants). Lupine seeds that 
have not begun to grow contain no asparagine ; 
after 15 days’ germination more than 20 p.c. of 
asparagine may bo extracted by water (Sclmlzo 
a. Barbieri, J. pr. [2] 27, 339). When twigs full 
of young leaf-buds of the jdane, birch, or horse- 
chestnut are cut off and allowed to ojien by 
placing tho cut end in water, the leaves (jro 
found to contain asparagine (S. a. 11. , J.pr. 13, -1, 
145). Asparagine may he formed by adding 
cone, ammonia to mono-ethyl aspartate (Schaal, 
A. 157, 21). 

Properties. — Trinietric prisms (containing aq) 
exhibiting left-handed heniihedry. yol. water, 
acids, and alkalis; ihsol. alcohol and ether. Its 
solution in water or alkalis is 1/evorotalory, in 
acids it is dextrorotatory. In IICl solution 
[a]n = about + 3fi'^ ; in aqueous solution about 
— G'^; in ammoniacal solution about — 11°. 

IieacMons.-~l. Boiling with limCt or baryta- 
water, or with dilute II ,SO^ rapidly converts it 
into aspartic acid.— 2. Nitrous acid forms rnalio 
acid. — 3. Impure asparagine is liable to undergo 
fenuentation, clianging to ammonio succinate. 
4. McI and KOH produce an amide of fumaric 
acid, CO.,H.CH:CH.CONH.. (aiichacl a. Wing, 
Am. 6, 419 ; Griess, B. 12, 2il7> 


8 alt i. — H A'HCl. — (HA),HC1, — CuAV— 
CaAV — ZnAV — HA'HgCl,. - AgA'. 
HA'(AgNO,) 2 . - HA'C«H,(NOi),OH: yeUow 
prisms (Smolka, M. 6, 916). 

Estimation. — Heat the extract containing it 
with dilute HCl for some hours and determine 
the amount of N ACl formed. This corresponds 
to half the nitrogen in asparagine (Sachsse, 
J. j)r. [2] fi, 118). Glutamine also splits off 
half its amidogen as ammonia when treated 
with IICl. Or the. extract may bn treated with 
bromine and NaOH (measuring evolved N.J both 
before and after heating with HCl (Sachsse). 
But asparagine gives off too much N« when so 
treated (Morgen, Fr, 20, 37). It even gives off a 
little Awlieii treated witliNaBrO before heating 
witl\ IlCI. These two errors nearly balance 
one another (E. Schulze, J. pr. [2] 31, 235). 
Solutions of sodic aspartate give off no Nj with 
NaBrO, but if NH^ be present more N.jis evolved 
than corresponds to tlio NII3. Tbo increase 
may be G p.c. Leucine behaves in the same way 
as asparagine, but tyrosine behaves in exactly 
the opposite manner. Urea has tho same in- 
lluenco as Nil,. It is therefore bettor to de. 
termine the freoNHj by distilling with MgO, CaO 
or even NaOII (comp. Bt*rtbclot a. Andr5, 
O. It. 103, 1051). Tho presence of poptonea 
will, of course, invalidate tho determination, 
these are often absent from vegetable solutions; 
if present they must bo removed : albuminoids 
maybe ppd. by lead salts, p(!ptonos by tannin or 
phosphotungstic acid (E. Schullzo, l.c.}, 

Dextro-asparagine 

C.,II,(NlL)(CO.,II).CO.NII,. Doxtro-hcmihedral 
crystals. i)cxtrorotatory [a]j, = + IPiV. Very sweet 
taste (ordinary asparagine is tasteless). Bather 
more soluble in water than ordinary asparagine. 
Occurs in the mother-liquors obtained in re- 
crystallising tho crude asparagine prepared 
from the shoots of tho vetch; 20 kilos of crude 
asparagine, obtained from G500 kilos, of vetch 
gave 100 grms. of tho pure dextro-asparagine. 

The compounds prepared from dextro- 
asparagine exhibit the same properties as those 
prepared from tho Imvo-asparagino except that 
their rotatory power is rovorsod. By heating 
with 2 raols. of aqueous IICI at 170°-180° both 
asparagines give the same inactive aspartio 
acid (Biiitti, C. It. 103, 131 ; B. 19, 1G91). 

Additional Befcrenccs. — Vauqueliii a. Bobi- 
quet, A. Ch. 57, 88 ; Bessaignes, A. 82, 237 ; 
Biria, A. Ch. [.3] 22, IGO ; Pasteur, CVi. [,S] 
31,70 ; Mcrcadante, 0.5 , 187 ; Portos, B. 9, 1934 ; 
Dubrunfaut, J. pr. 63, 508 ;-Linrup-BeBanez, A» 
P25, 291 ; Champion a. Pellet, 7^.9,721 ; Becker, 
B.H, 1031 ; Do Luca a.Ubablini, C.li. 69, 527 ; 
Buchner, if. 18G2, 117 ; Campani, X. [2] 6, 87; 
E. Schulze, B. 15, 2855 ; J. pr. [2] 20, 397 ; 27, 
339 

ASPARTIC ACID C JI^NO, i.e. 
CO..H.ClL.CH(N I Amido-sticcinic acid. 

Mol. w. 133. S.G. 'll' 1-GG. S. *45 at 20° ; 5*4 
100 °. 

Formation. — 1. By boiling asparagine with 
lime, baryta, PbO, KOII, or HCl dissolved in 
water.— 2. By boiling albumen or casein with 
dilute ASO4 (Kreussler, J. pr. 107, 239 ; Kilt- 
liausen, J. pr. 107, 218).— 3. By treating pro- 
tci'ds with bromine (Illasiwetz a. Habcrmann, 
A. 159, 325). — 4. From casein by treatment 
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with Bn% ahd HCI (H. a. a, i. 160, 162).~6. 
From diazO'Buooinio ether by redaction with 
jsino duet and acetic acid (Curtius a. Koch, B. 
19, 2460). 

Preparation*. 100 grms. of asparagine arc 
boiled for 2 or 3 hours with an inverted con- 
denser with 408 c.c. of pure aqueous hydric 
chloride (containinK-11925g.nCl per C.C.). Totlio 
cooled solution is tlicn added 20-1 c.c. of acpieous 
NHj(coiTCspondingtotbcacidvoluraeforvoi>init!). 
On standing for several hours the aspartic 
acid separates in colourle.ss crystals. The yield 
is 90 p.o. of the thcondical (Schiff, B. 17, 2920). 

Properties. triinetric rectangular 
plates. SI. sol. wati^r, insol. alcohol. Its solu- 
tions in alkalis are 1,'evorotatory; its solution ! 
in HClAq is dextrorotatory, [a]i, = + 28°. The 
rotation is affected by the nature of the solution 
(Becker, B. 11, lOIlo). Aspartic acid (1 mol.) 
j»rovents tbe ppn. of Cu(Oli)., (I mol.) by KOIi. 

Iteaciions. — 1. Nitrous acid converts it into 
fialic acid. — 2. Mel and KOJI form fumaric 
acid (Korner a. Menozzi,!^. Istit. Lombard. 13, 
352).— 3. Not affected by boiling water or by 
magnesia . — 4. Heating in a current of HCI at 
130°- 200° produces two anhydrides: {a) 
insoluble in water (Cs,oH,_.,|N„0,7), (6) slightly 
soluble in water (C,,.H,,N,,0„). Both are con- 
verted by boiling baryta into aspartic acid ; but 
when the fonn(;r is heated for 2 hours at 125° ' 
with half its weight of urea it produces a gummy 
mass, soluble in water forming a solution that 
has all the characters of a proteid. It is ppd. 
by acids, by NaCl, MgSO^, tannin, and HgCl,_, 
forming gelatinous pps. CuSO, and KOH give 
a violet solution (Grimaux, C. It. 93, 771). 

Salts. IIA'UCI: deliquescent crystals. — 
H.^A"li..SO^.- NallA" aq : trirmdric prisms *, S. 
89 at 12°.~BaII..A"..4aq.— BaA"3aq.— CaA"la(i 
— HgA". — Phil, A"... — PbA^.-AgllA". - 
Ag,A".— CuA" 4.‘ aq. S. *035 at 15° ; - hj at HXV^ ; 
V. sol. dilute HOAc. The insolubility of this salt 
may be used to detect and to isolate aspartic 
acid (HolTineister, B, 75, ‘KjO).- CuA"3aq 
(Curtius a. Koch, B. 19, 2169). 

Mono-cth ifl ether AHltlT. Its hydro- 
chloride (A'TrEt)JICl forms largo colourless 
needles, [199°J. 

Di-cthyl ether A"Kt... Its hvdrochlorido 
,HC1 forms excessively hyjposcopic con- 
centric needles. 

Di-methyl efher A"Me.. Its hydro- 
chlorido A"Me._,TICl forms very hygroscopic 
glistening prisms (Curtius a. Koch, B. IH, 1293). 

Amide v. Aspauaoine. 

Di-ph c 111 / 1 - a m i de 

CO,H.C,H,NlL.CONPh,. [230°]. Formed, toge- 
ther with phthaliniide, by the action of NH., on 
the diphenyUimido of phthalyl-amido-succinic 
acid CO.,H.C,H3N(C..O..C,lIJ.c6NPh.. (Piutti, O. \ 

16, 14). ‘ V . - - V I 

Inactive aspartic acid CJI.NO^. S. *42 at 7°. I 

Formation . — 1. By the action of boiling HCI | 
CBQ the product obtained by heating the acid 
ammonium salts of malic, maleic or fumaric ^ 
acid. — 2. By heating an aqueous solution of tlio 
hydrochloride of active aspartic acid for several 
hours at 170° (Michael a. Wing, B. 17, 2984 ; 
Am. 7, 278). 

Prqner/u’s. -Monoolinio needles. Converted 
by nitrous acid into inactive malic acid. ! 


1 

LsBYO-atpartio aeid O 4 H 7 NO 4 . Obtained from 
dextro-asparagine by treatment with HCI 
I (Piutti, P. 19, 1693). Lcevorotatory. Its proper- 
: ties are the same as those of the dextrorotatory 
j acid. Combines with dextro-acid to form an 
I inactive modification. 

! Additional Be/erefices.—’PVisson, A. Ch. 40, 
j 303; 45, 315; Boutron-Chautard a. Pelouze, 
A. Ch. 52, 90; Liebig, P. 31, 232; A. 26, 125, 
161 ; WoliT,yl.75, 293; Piria, A. Ch. [3] 22, 160; 
Dessaignos, C. li. 30, 324 ; 31, 432 ; A. 83, 83 ; 
J. PA. [3] 32, 49; Pasteur, A. Ch. [3] 34, 30; 

A. 82, 324 ; Pott, J. pr. [2] G, 91 ; lladziszewski 
a.Salkowski, P.7, 1050 ; llitthausen a. Kreussler, 
/.pr. [2]3, 31.4; Scheiblcr, J.Ph. [4J 4, 162; 

B. 2, 296 ; Kreu.^sler, Z. [2J 6, 93. 

ASPHALT. A natural product of the de- 
composition of vegetable substances. It is found 
oil the shores of the Head Sea, also in a molten 
state in Trinidad, and as a mineral deposit at 
Eeyssel. It frequently impregnates other rocks. 
Wiien distilled with water, petrolenc CooHjj 
(280°), S.G."^ -89, V.l). 9-5, passes over (Boua- 
singault, A. Ch. [2] 64, 141 ; Voelckcl, /. 87, 139). 

ASPIDOSAMINE C,,1L,N,0,. [c. 100°]. In 
quebracho bark (IIcsso, A. 211, 263). Turns 
ytdlow in air. V. e. sol. ether, chloroform, 
L'lizeno or alcohol, v. si. sol. light petroleum, 
insol. water. Its alcoholic solution turns 
litmus blue, neutralises HCI and tastes bitter. 

Iteactions. — 1. Solution of hydrochloride gives 
with Fc.^Clu a brownish-red colour. — 2. Cone, 
ILSO4 gives a bluish solution.— 3. Cone. ILSO4 
and j\IoO;, gives a blue liquid. — 4. Cone. 11,^804 
and K.^Cr.,0, gives a dark blue colour. — 5. Boiling 
aqueous ilClO^ gives a magenta colour. 

Platinochloride. B'. JI i’tCl,; 3aq. 

ASPIDOSPERMATINE C.,jl,,,N,(),. [162°]. 
In quebracho bark (Hesse, A. 21 1 , 259). Crystal- 
line. V. sol. chloroform, alcohol, or ether. In 
alcohol (97 p.c.) it turns litmus blue, has a 
i hit ter taste, and is l.t'vorotatory [a]D- -'■72‘3° at 
I 15° in a 2 p.c. solution. 

Beuctions. - 1. HCIO., gives a magenta colour, 

2. Cone. ILHO, and KjCrH^ give no colour, — 

3. Fo.Cl,; gives no colour. 

Salts. — Dilute HCI is neutralised by aspido- 
speriuatino. NaOH or NH., give in the solution 
a llocculent pp. (in. sol. jmre water) which soon 
becemes crystalline. Saits are amorphous. — 
(B'HCl).,PtCl4 4aq. 

ASPIDOSPERMINE C,.JI:,oN.,0,. [206°J 

[a]„ (alcohol) - 1 00*2° ; (chloroform) — 83’6°; 
(dilute HCI) —62° (in all cases 2 p.c. solution at 
15°). S. (alcohol) 2 at 14° ; (ether) *74 at 14° 
(Wulhsherg, PA. [3] 11, 269). An alkaloid 
present (with others) in 'bark called in the 
Arg(*ntine Jle])ul)lio quebracho bianco or 
quebracho. Colorado (P’raude, B. 11,2189; 
Hesse, A. 211,251; Arata, C. J. 40,622). 
Needles or pointed prisma (from alcohol or light 
petroleum). M. sol. alcohol, si. sol. ether or 
light petro^pum, v. sol. benzene or chloroform. 
LuDVorotatory. 

Beactums. — 1. HCI and PtCl4 give a blae 
pp. — 2. HCIO4 gives a magenta colour. — 3. Cono. 
H;jS 04 no colour.— 4. Cono. H.SO4 and MoO, no 
colour.— 6. Cone. H2S04and KaCr.Pj, a brownish- 
red turning dark green.— 6. Salts give with 
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m,, KaOU, or KaHGO,, » white 

flooculeat pp. becoming crystalline. 

Salts. — Very unstable; even ether or CHClg 
can partly decompose them.— B'2H2PtCla4aq. 

ASSAMAB. A name given by Beichenbach 
{A. 49, 3) to a bitter, deliquescent, transparent 
yellow solid which may be extracted by alcoliol 
from toasted bread. It is insol. ether. The 
same name was given by Volckcl {A. 85, 74) to 
a thick yellow neutral syrup obtained from the 
aqueous portion of the product of tlio distilla- 
tion of cane-sugar. It is sol. ether. Both sub- 
stances rodiico aqueous AgXOj. 

ASYMMETRIC CARBON. A name applied 
to an atom of carbon tliat is united to four 
different atoms or radicles. All compounds that 
in the liquid state or in solution rotate light 
contain asymmetric carbon (Van ’t lloff, La 
thimie dans l'es 2 Jace ; Lc Bel, BL [2] 22, 387). 

ATHAMANTA, OIL OF. C„ll„. {im% ! 
S.G-. *84. An essential oil obtained from the i 
leaves of Atkamanta orfasdininn. It forms a 
liquid compound with IICl (190°) (Schneder- i 
mann a. Winckler, A. 51, 88G). 

ATHAMANTIN [79°J. In tho 

root and seeds of AlJiamanta orcosclinnm. 
Fibrous, silky crystals, or sometimes rectangular 
prisms; insol. water, v. sol. alcohol and ether. 
It gives valeric acid on dry di.^tillation. Aqueous 
acids and alkalis split it up into valeric acid and 
oroosclonc C|,n,./),. Chloro-, and tri-nitro-, 
atliamantin are aiiiorphous (Schnedermann, .4. 
51, 315 ; (ievgcT, A. lit), 35!l). 

ATHEROSPERMINE [128’]. An alkaloid 
in tho bark of Alhcrosiierma nioscluttunu A 
greyish -will to powder with bitter taste. V. si. 
sol. water, m. sol. alcohol, si. sol. etln-r. Tho 
solution of its liydrochloridc gives ])ps. with 
phosphoinolyhdic acid, picric acid, tannin, and 
PtCl It 1 iherates iodine from iodic acid (Zeyer, 
J, 1801, 709). 

ATMOSPHERE. The word Atmosphere 
(arpda, vapour; (T(pa7pa, a globe) in its most ('X- 
tended sense .signifies the gaseous envelope wbicli 
BUiTounds any liquid or solid body: more eum- 
monly, however, it is taken to mean tho invifdblc 
elastic fluid which surrounds the earth. A variety 
of ])henomena, e.(j. solar and terrestrial radiation, 
animal and vegetable life, weatlier, tiio dis- 
integration of rocks and the formation of 
Boils, the propagation of sound, Ac., ar«- ili> 
pendent on the existence of a terrestrial atmo- 
sphere. Tho earth is not the only planetary 
body which pos.sesses an atmo.sphero. The Sun, 
Jupiter, Mars, Saturn, have doubtless very 
dense atmospheres, but as yet we liave no 
exact knowledge of their physical and chemical 
natures. 

The plieuoniena'of solar eclipses, and the 
facta that a single star seems to disappear 
instantly when it is occulted oppositejhcsmootli 
part of the moon’s linib, and that there is no 
change of colour or other effect such as a re- 
fractive atmosphere would occasion, make it 
certain that the moon’s atmosphere if it exists ' 
at all, must be of extreme tenuity. This con- \ 
elusion is strengthened by evidence afforded by 
the spectroscope. It has been observed that j 
tho spectrum of the moon’s light is identical 
with the solar spectrum and there is no trace of I 

absorptive action ; moreover, it is found that 


tbe Bpeotram of a Btar daring Hi ooouUatioii 
disappears as suddenly as tbe star itself. 

Wollaston’s arguments .as to the finite ex- 
tent of tho terrestrial atmosphere were deemed 
inconclusive even by his contemporaries. There 
is indeed direct evidence for the belief that air 
is present in a state of sensible density at much 
greater heights than 40 or 45 miles which was 
the limit Wollaston assigned. Liais, from ob- 
servations on tho phenomena of sunlight at Bio 
Janeiro, arrived at a superior limit of 200 miles; 
and Secchi, from obsorv.’itions on luminous 
meteors, calculated that air exists of appreciable 
dcji.sily even at a height of 200 kilometres above 
i the earth’s surface. It is in fact probable that 
( no actual limit exists. Up to the present it has 
been imj)Ossiblo to arrive at direct n'sults other- 
wise than by astronomical observations, as the 
law of th(! diminution of temperature which in 
groat measure governs tho extent of tho repul- 
sion among gaseous particles is unknown for 
tlio upper strata of the atmosiihore. No argu- 
ments can he based on the linite expansibility 
of gases. Faraday ’.s experiments on the limits 
of vai)orisation of mercury have been contro- 
verted by Meiget. It is obvious that < bo relative 
disiribution of the mass of the air will be 
modified by (he inertsise of attraction at the 
poh's as conip.ired with that at tho equator ; by 
the increase of temperature as wo approach tho 
torrid zone; and by tbe earth’s motion. 

The ponderability of air altlioiigh suspected 
b( fore tlie lime of Arislot le was first conclusively 
demonsfrate<l by (.lalileo, who found that a 
cop])er ball containing condensed air weighed 
more than when filled with air of ordinary 
tension. The weight of 1 litre of air, freed from 
aqueous vai)our, carbonic acid, and ammonia, at 
0 (1, and under a pressure of 0*70 m. of mercury, 

I at I’arjs (lat. 48' 50'), and at a height of 60 m. 
j above fhc sea level, was found by Kegnault to 
! bn 1*2'.>I>IH7 grams. According to Jtegnault 
i 1 litre of oxygen at tlie normal tem])erature and 
' pressure weighs 1*429802 grams; 1 litre of nitro- 
gi n under tlui same conditions weifdis 1*250167 
grams. If x be the volume of oxygen contained 
I in 1 litre of air, and l-x that of tho nitrogen, 

I then l*429802.r }- (1 -- a:) 1*250107 = 1*293187, 
j whence a: = 0*2132 or in per cents. 21*32, which 
j is considerably higher than that found by eudio- 
; metric analysis. According to INIagnus 1 litre 
I of pure air at 0° ami *70 m. wciglis at Berlin 
j (lat. 52° 30') 1*29300 grams. Bli. v. Jolly found 
that at Munich (lat. 48° 8', 515 in. above the 
sea’s level) 1 litro of oxygufc- at 0 ’ and *70 m. 
weiglicd 1*429094 grains ; and 1 litre of nitrogen 
under the same conditions weighed 1*257014 
grams. Beducing these numbers to the lat. of 
Paris and to a lieight of CO m, above the sea’s 
level, they become : 

Jollv Reffnault 

Oxygen . 1*429388 1*429803 

Nitrogen . 1*257873 1*260167 

The Bureau Internal, des loids et Mesurei 
adopts for the weight of 1 litre of dry air under 
a normal barometric height of 1 mm. and at tho 
normal temperature t 

p 1*293052_ 

0*00.307 ‘*’760 

on the assumption that the air contains ‘0004 



m ATMOSFHEEB. 


parts of carbonic acid, and that *00367 is the 
coefficient of expansion of air at constant pres- 
sure for a normal d^ree. 

This expression is obviously only true for a 
particular ratio of oxygon and nitrogen. The 
composition of the air varies sufliciently to 
affect its value at ditlorent times (Ph. v. Jolly, 
W. 6, 620). 

The pressure exerted by the atmosphere uj)on 
the earth’s surface, at the sea’s level or upon 
any substance at that level, may bo expressed 
by saying that it is equivalent to a barometric 
column about 7G centimetres (29-92 inches) 
high. Now at ordinary temperatures 1 c.c. of 
mercury weighs lS-58 grams. If we suppose 
that the base of the mercurial column is 
1 sq. centimetre it follows that the weight 
of the counterbalancing atmospheric column is 
76 X 13*58 ==1032 grams. This is equivalent to 
14*73 lbs. upon a sq. inch. It can bo readily 
calculated that the total weight of the atmo- 
sphere of this average pressure is about 11^ 
trillions of pounds, or 6k trillion kilos. Allow- 
ing for the space occupied by the land above 
the sea’s level, tlic mass of the atmo.sphorc may 
bo taken as xjo'oJo i-ho earth 

(Horschcl). 

The heights of the counterbalancing columns 
of air and mercury will of course bo in tho 
same ratio as the weiglits of equal volumes 
if it be assumed tliat tho air is of uniform 
tension throughout. Tho height of this homo- 
geneous atmosphere is between five and six 
miles : it was first calculated by Kobert Boyle 
to disprove tho conjectures of Koidcr and 
Olliers that tho air could not extend beyond a 
couple of miles or bo from tho earth’s surface. 

As the air is an elastic fluid it follows from 
Boyle’s law that its pressure must diminish as 
wo ascend ; hence tlie mercurial column stands 
lower on a mountain top than in tho valley 
below. The fact that the barometric column is 
less on tho top of an elevation than at tho 
bottom was first noticed in 1043 by Claud ii 
Boreguardi from observations on tho tower of 
Pisa— that is, five years before Perrier made 
his famous expori incuts on the Piiy-de-Dome. 
The relation between tho pressure and density 
of the air at dilTerent altitudes may bo seen 
from the following table ; — 


Hetres above 
sea level 

BuIk 

of aic 

Density 

Banmielcr 

mm. 

0 

1 

. metro 

1* 

760 

5,620 

2 

.. 

0*5 

380 

11,040 

4 


0*25 

190 

16,560 

8 


0*125 

95 

22,080 

10 


0-()(;25 

47*5 

27,600 

32 


00312 

23*8 


A pressure equivalent to tho average pres- 
sure of tho atmosphere at tho level of the sea 
is frequently adopted by engineers and others 
aa a unit of j^rc.'ssurc and is styled an atmo- 
sphere. In this country an atmosphere is tlie 
pressure equal to 29'905 iuchos of mercury at 
32*^ P. at Loudon, and is about 14*73 lbs. on tho 
sq. inch. la the metric system it is the pres- 
sure of 700 mm. (•29’922 inches) of mercury at 
O^C at Paris, and is equal to 1*033 kilos on a 


sq. centimetre. Hence the English *aiino> 
sphere’ is 0*99968 that of the metric system. 

That the mercury in the Torricellian tube, or 
barometer && it was termed by Boyle, is constantly 
varying in height even at the same place, and 
that these variations are due to tho fluctuating 
pressure of the atmosphere, appears to have 
been first clearly recognised by Descartes and 
by Boyle in 1058. It is, however, only within 
the last few years that we have acquired any 
very definite information respecting the dis- 
tribution of tho mass of the atmosplierc over tho 
earth. Tho pressure of tho air at any given 
spot depends upon its relative position on tho 
earth’s surface: at this spot it varies also witli 
the season of tho year and the hour of tlie day. 
According to Buchan, whoso isobaric charts are 
really the foundation of our exact knowledge of 
tho subject, there are two broad belts of high 
pressure passing completely round tho globe, 
one to tho north and the other to the south of 
tho equator. Tho southern belt of high pres- 
sure is nearly parallel to the equator ; but 
the northern belt is more irregular in outline in 
consequence of the unequal distribution of land 
and water in the northern hemisphere. Between 
them is the low pressure of tho tropical regions, 
through the centre of which is a narrow belt of 
still lower pressure towards which tho north 
and south trades blow. A region of low pressuro 
exists also round each pole ; tliat round the north 
polo having two distinct centres, ono in the north 
Atlantic, tho other in the Pacific : at each of 
tlicse tho diminution of pressure is much below 
the average of tho north polar depression. As 
regards the seasons, it is found that in January 
the highest pressures are over the continents of 
tho northern hemisphere, and the lowest pres- 
sures aro over the northern portions of the 
Atlantic and Pacific, S. America and S. Africa, 
and the Antarctic Ocean. The maximum mean 
pressure at this time is found in Central Asia 
where it is 30*4 inches, the minimum is in tlio 
N. Atlantic and round Iceland, whore it is only 
29*34 inches. The area of high pressure passes 
westwards through central and southern Lurope, 
over tho N, Atlantic between the parallels of 
5*^ and 45°, across N. America (e.xccpt to the 
North and North West), and over some portion 
of the Pacific, In July tho mean pressure of 
Central Asia is only 29*468 inclies or one inch 
Igss than in January. Tho lowest pressures of 
the western hemispliero are now to bo louud 
over the continents, whilst tho highest are over 
tho ocean between 50° N. lat. and 60° S. lat. 
Pressures aro also higher at this time over 
S. Africa and Australia. 

Speaking generally, atrnospherio pressure is 
more regular throughout tho year over the 
ocean than over the land. To the westward of 
each continent there is at all seasons an area of 
higher pressure over the ocean than over the 
land, in amount varying from 0*1 to 0*3 inch. 
These regions of high pressure extend over 
about 30° of longitude and attain their maxima 
during winter. The prevailing winds and the 
general circulation of the atmosphere are in- 
timately associated with these areas of high and 
low pressuro. Winds, in fact, aro caused by tho 
flowing away of air from regions of high 
pressure to those of low pressure, in aocordanoe 
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with Bujs-Ballot’s law, which has been thus 
expressed by Buchan. ‘ The wind neither blows 
round the space of lowest pressure in circles 
returning on themselves, nor does it blow di- 
rectly towards that space, but it takes a direc- 
tion intermediate, approaching, however, more 
nearly to the direction and course of circular 
curves than of radii to a centre. More exactly 
the angle is not a right angle, but from 45° 
to 80°.’ 

The most important of the influences affect- 
ing atmospheric pressure during the months are 
temperature, and, as a secondary effect of tem- 
perature, humidity. By comparing the average 
pressure during the two months which exhibit 
the greatest divergence of temperature, viz. 
January and July, Buchan finds the following 
general result : — The January pressure exceeds 
that in July over the whole of Asia except in the 
north east, the highest pressures being near the 
middle of the continent; over Europe to the 
south and cast of a lino drawn from the north 
of Russia to the south of Norway, thence to the 
north coast of Germany, across France to Bor- 
deaux, along the north of Spain, and pass- 
ing out into the Atlantic at Corunna; over 
N. America except in the N. East and N. West. 
The July pressure exceeds that in January over 
the whole of the southern hemisphere, over the 
northern portion of tho N. Atlantic, and over the 
northern part of tlio Pacilic. The pressure which 
is thus removed from Asia, Europe, and America 
in the northern hemisplioro in July is trans- 
ferred partly to the southern hemisphere, and 
partly to tho more northerly portions of tho 
Atlantic and Pacilic Oceans.* 

At all places on tho earth’s surface where 
the alternation of day and night exists, the pres- 
sure of tho aimosphoro exhibits a remarkable 
diurnal variation. Generally speaking, tho pres- 
sure is highest at about 9 a.m. and 9 p.m., and 
lowest at about 3 a.m. and 3 p.m., but the exact 
times vary somewdiat with tho locality and with 
the season of the year. The regularity of this 
variation within the tropics is so great that, as 
Humboldt remarked, tho hour of tho day may 
be approximately ascertained from the height of 
tho mercurial column. This oscillation in atmo- 
spheric pressure is not confined to the sea’s 
level : it takes place witli equal regularity at 
heights of 13,000 feet. Witliiii the tropics tho 
oscillation amounts to about 2’2 mm., but as»w 0 
approach the poles it decreases, until at 70° N. 
lat. it is only 0‘3 mm. In our latitudes these 
horary variations arc much less strongly marked 
than in the tropics, and are usually masked by 
climatic disturbances ; but by comparing the 
results of a largo uumber of observations, the 
fluctuation, which in these islands amounts to : 
about 0*5 mm. on tho mean of tho year, can bo 
clearly maile out. In Paris eleven years’ obser- 
vation shows that the mean barometric oscilla- 
tion amounts from 9 a.m. to 3 p.m. to 0*750 mm., 
and from 3 p.m. to 9 p.m. to 0*373 nun. Tho 
amount of tho diurnal variation differs during 
the seasons of the year, being greater in summer 

* Por further detaila see Buchan, ‘ The mean pressure 
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than in winter. This peculiar phenomenon has 
given rise to muoh discussion, but as yet tho 
cause cannot be said to be satisfactorily deter- 
mined. Unlike tlie oceanic tide, it cannot be 
ascribed to the influence of the moon, since 
Bouvard has shown that tho portion of the 
horary oscillation of tho pressure of the atmo- 
sphere which depends on the attraction of the 
moon cannot raise the mercury in tho barometer 
at Paris more than 0*018 ram., whilst the total 
variation deduced from tho 11 years’ observation 
amounts to 1*129 mm. Tho fact that the two 
maxima of pressure occur when the temperature 
is about ccjual to the daily mean, and tho two 
minima when the temperature is at its highest 
and lowest, has led to tho suppo.sition that the 
fluctuations in pressure are coimoctod with the 
daily march of temperature, and also with the 
humidity of tho air. Dove, Sabine, and Hopkins 
have offered explanations based on siicli con- 
nections, but they are insuflicient to account for 
the facts. Lament and Brown have sought to 
refer the phenomenon to the magncto-electrio 
influence of tho sun, or in other words to connect 
it with tho cau-so of the diurnal changes in ter- 
restrial niagneti.sm. There is every reason for 
supposing that tlio cause of tho diurnal variation 
in atmospheric pre.ssnro is in some way depen- 
dent on, or originates with, the sun, but that its 
effects arc greatly modified by a variety of local 
or accidental circumstances, as for example the 
prevailing winds, tho amount of moisture in the 
air, and the relative distribution of land and 
water. 

The atmosphere appears to receive its heat 
(1) from the direct rays of tho sun, (2) by tho 
reverberation of those rays from tho surface of 
tho earth, (3) by contact with tho ground, 
and (4) through the influence of aqueous 
vapour. 

Although tho air is not absolutely diathor- 
manoiis, the heat received by tljo air from the 
direct rays of tho sun is tho least important of 
the sources enumerated. Wo know* very little 
at present as to whether the diathermancy of 
air varies with its density: that is, wo havo 
little evidence to determine whether tho absorp- 
tion of the sun’s rays increases as they pass 
further into an atmosphere compressed by its 
own weight. 

The greater portion of tho heat which finds 
its way into tho atmosphere is duo to radiation 
from the earth’s surface and to the air being in 
contact with the ground. Tlio amount of lieat 
thus sent into the air depeilTis to a gre.'it extent 
on the nature of tho soil w’liioh r(?ceives the 
S(jlar radiations and on its capacity for retaining 
heat. Hence pl.aces in the same latitudes and 
not very far disiaiit from each other, and in the 
same condition as regards protection, may have 
very different mean temperatures on account of 
the different ca[>acitii:s of various soils for ab- 
sorbing and retaining heat. 

Aqueous vapour is one of the most important 
agents in modifying the temperature of the 
atmosphere. A relatively largo amount of heat 
is rendered latent in tho process of evaporation 
from tho surface of the earth, and becomes sen- 
sible on tho condensation of tho vapour in the 
upper regions of tho air. Aqueous vapour also 
acts even when in the condition of a perfect gas 
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by retarding the transmisBion of th§ inn’s rays 
through the air. As the quantity of aqueous 
▼apour decreases as we ascend through the 
atmosphere, it follows that the amount of this 
absorption increases as the sun’s rays penetrate 
further into the atmosphere. 

The temperature of the atmosphere varies 
with a multitude of causes, such as the latitude, 
the season of the year, the hour of the day, the 
degree of humidity, Ac. Among the causes 
which tend to raise the temperature of the air 
may bo enumerated : the proximity of a western 
coast in the temperate zone; the divided con- 
figuration of a continent into peninsulas with 
deeply indented bays and inland seas; the aspect 
or position of a portion of the land with reference 
either to a sea of ice spreading far into the polar 
circle, or to a mass of continental land of con- 
siderable extent lying in the same meridian, 
either under the equator or at least within a 
portion of the tropical zone ; the prevalence of 
southerly or westerly winds on the western shore 
Of a continent in the temperate northern zone ; 
chains of mountains acting as protecting walls 
against winds comi]ig from colder regions ; the 
infrequency of swamps which in the spring and 
beginning of summer long remain covered with 
ico ; and tlic absence of woods in a dry sandy 
soil; finally the constant serenity of the sky in 
the summer months; and the vicinity of an 
oceanic current bringing water whicli is of a 
higher temperature than that of the surrounding 
sea. 

On the other hand, the following causes loAver 
the temperature of the air of a place : elevation 
above tlio level of tlio sea, when not forming 
part of an extended plain; the vicinity of an 
eastern coast in high and middle latitudes ; the 
compact configuration of a continent having no 
littoral curvatures or bays; the extension of 
land towards the poles into the regions of per- 
petual ico without the intervention of a sea 
remaining open in the winter; a geographical 
position in which the e(iiiatorial and tropical 
regions are occupied hy the sea, and conscs- 
quently the absence under the same meridian of 
a continental tropical hind having a strong 
capacity for the ahsL)rj)tion and radiation of 
heat; mountain chains whose form and direc- 
tion impede the access of warm winds ; the 
vicinity of isolated peaks occasioning the do- 
scent of cold currents of air down their declivi- 
ties; extensive woods which hinder the insolation 
of the soil by the ^ilal activity of their foliage, 
which produces great evaporation owing to the 
large surfai^e. it exposes, and increase the sur- 
face tliat is cooled by radiation, acting conse- 
quently in a three-fi)ld manner— by shade, 
evaporation, and radiation; the frequency of 
awamps or marshes wliich in the north form a 
kind of subterranean glacier in the plains lasting 
till the middle of summer; a cloudy summer 
sky which weakens the action of the solar rays ; 
and finally a very clear wdnter sky favouring 
the radiation of heat (Humboldt: Itcclierclics 
tur Ics Caiiaes des Inflexions dcs Lignes Iso- 
ihtrmes. See also Mohn’s Grundzilge der 
Mcteorologie), 

The temperature of the air varies in different 
strata of the mass, decreasing generally after a 
certain elevation in proportion as the distance 


from the earth’s surface increases, bnt It is noil 
possible to oonneot the diminution in tempera- 
ture with the elevation in accordance with any 
definite law. It is usually assumed that the 
temperature falls about 1°0. for every 300 feet 
of perfectly dry air. As, however, the air in- 
variably contains moisture, which is condensed 
by cooling and so produces heat, the decrement 
may bo taken practically at about 1°C. for every 
500 feet. This estimate can only be taken as an 
extremely rough approximation, for it is obvious 
that the rate of cooling must be affected by a 
great variety of causes. Indeed the extensive 
series of aeronautical observations made at the 
instance of the British Association showed 
such great irregularities in the rate of diminu- 
tion that Mr. Glaisher concluded that no law 
exists. 

The atmosphere always contains free electri- 
city, which is generally positive, that is, of an 
opposite kind to that of the earth. Atmospheric 
electricity increases rapidly after sunrise, and 
reaches its first maximum for the day at about 
8 A.M. In general the variation in potential fol- 
lows the diurnal range of atmospheric pressure. 
In summer the hours of maxima appear to be 
8 A.M. and 10 p.m. and the minima I a.m. and 
4 P.M. In winter the liours of maximum intensity 
are 9 a.m. and 10 p.m. and the minima 4 a.m, and 
4 P.M. This diurnal variation seems to depend 
mainly on the degreo of humidity of the air, the 
humid months manifesting the greatest potential. 
The potential seems to increase from July to 
January, and then to decrease. According to 
Everett, the maxima occur in Eebriiavy and 
October, and the minima in June and November. 

In clear weather the air is usually positively 
electrified; it is only during rain, or more 
properly si^eaking wlien rain begins, that the 
electricity is negative. On the approach of a 
storm the air is almost invariably negatively 
electrified, even when the storm-clomls aro at 
a considerable distance from tlic phice of obser- 
vation. When rain begins, the drops show nega- 
tive electricity like the air. In ligdit rain the 
potential is moderate, but heavy rain is almost 
invariably accompanied by a high potential. 
Dcllmann’s observations have shown, liowever, 
that tho air may have a very high potential, 
extending over many days, without any other 
evidences of an approaching storm. 

• The sources from whicli the electricity of the 
atmosphere is derived are not clearly recognised. 
Be la Hive attributed it mainly to chemical 
action at work on the earth; Pouillet to the 
evaporation of water; Volta and Saussure to 
tho inequalities of atmospiicric temperature. 
In all probability atmospheric electricity is not 
wholly due to any one of these causes : they 
may all be regarded as contributing to the 
amount. * 

The sun’s light in its passage to the earth ia 
partially absorbed and reflected by the atmo- 
sphere. Clausius has calculated that of the 
direct sunlfght entering the atmosphere on a 
clear day 6*4 p.c. is absorbed, 18-0 is reflected 
and diffused, leaving therefore 75 p.o. to reach 
the earth. This light is, of course, refracted 
in its passage in amount depending upon the 
density of the air. Each ray entering the at- 
mosphere otherwise than perpendicularly may be 
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sed to desoribo a cum in oming to the 
and as objects are seen in the tangent of 
the carve on entering the eye, all celestial bodies 
not in the zenith appear further removed from 
the horizon than they actually are. 

Tho refractive power of dry air free from 
carbonic acid is the mean of the refractive powers 
of the oxygen and nitrogen under the pressure 
which each gas exerts in tho mixture. This 
fact furnishes a proof of tlio physical nature of 
the atmospliere ; since, as Dulong has shown, tho 
refractive power of a compound gas is not ecpial 
to the refractive powers of its components, but is 
sometimes greater and sometimes less. Moist 
air is rather less refractive than dry air : precipi- 
tated vapour, as mist or fog, slightly increases 
the refractive power. 

Although many of the more striking physical 
properties of the air were recognised even in tho 
earliest ages, it is only within comparatively re- 
cent time that anything very dclinitc has been 
known concerning its chemical nature. 

It had long been observed that many metals 
on exposure to fire lost tlieir peculiar lustre, 
and it was also known that by tlic prolonged 
action of heat they were ultimately converted 
into calces or earthy powders often x>ossessing 
characteristic colours. The fjiet that tho calx 
weiglis more than the metal from which it was 
derived was known to Geber, and was well under- 
stood by the alclicmists of tho 16th century. 
Cardan (1506-1570) in noticing the increase of 
weiglit which accompanies tho calcination of 
lead, says that it is due to a gas (Jlatus) which 
feeds llaiiie and rekindles a body presenting 
an ignited point ; and Ccsalpinus in the De. 
Metallicis (published at Nuremberg in 1602) 
also states that the ‘ orasse ’ wliich forms on 
the surface of load exposed to heated air con- 
tains an aerial suhstanco which increases tbe 
weight of tho metal. Hoy of Perigord seems to 
have first clearly recognised that tho augmenta- 
tion in weight was due to the action of tlio air. 
*Je res])oiids et soutiens gloriouscment quo ce 
Burcroit do poids vient de Pair qui dans le vase 
a 6te epaissi.’ Hooke in 1665 asserted that air 
contains a principle analogous to if not identical 
with that contained in nitre, and he seems to 
have believed that a certain portion only of tho 
air is required to support combustion and re- 
spiration. Tho conception of tho complex nature 
of the air was greatly strengthened by the obser* 
vations of Mayow on respiration : his experi- 
ments are so precise and his fuels so incontest- 
able that, to (luote Chcvreiil, one is surprised 
that the truth was not fully recognised until a 
century after his researches. Iloylo also cou- 
eiderably extended ourjvnowledgc of thophysiivil 
and chemical constitution of tho air in tho 
various treatises which he published between 
1672 and 16112. 

Two years after tho sagacity of Rutherford 
had demonstrated tho existence of nitrogen, 
Priestley obtained oxygen gas by heating tho 
calx of merem y or rod precipitate. The signifi- 
cance ol this discovery in its relation to tbe 
constitution of tho air and true nature of calci- 
nation was first clearly and irrefragably demon- 
strated by Lavoisier. By heating riiercury in 
contact with a measured volume of air, he 
showed that about one-fifth of the volume of 


the air is absorbed b^ the metfd vHth the forma- 
tion of *red precipitate,' from which the gas 
can be recovered by heating to a still higher 
temperature, and that the remaining four-fifths 
had all the properties of the ‘mephitic air,* or 
nitrogen, of Rutherford. This experiment not 
only demonstrated the compound nature of the 
air and tho character of its constituents, but it 
also showed approximately the relative quanti- 
ties in which these constituents were present. 
It w.as of course quickly recognised that the 
active properties of air depended upon oxygen, 
and it was reasonable to assume that the rela- 
tive amount of this gas determined tlio quality 
of air ; hence arose tho art of euilioinetry. 
Priestley', who discovered nitric oxide in 1772, 
had observed that this gas became rod in con- 
tact with the air and tliat the ruddy gas, unlike 
nitric oxide, was readily soluble in wat^’r. Wlien 
it was subsequently ascertained that tlio forma- 
tion of the soluble red gas was duo to the action 
of oxygen on the nitric oxide, the idea of basing 
a cudiometric method upon this read ion was 
suggested by Priestley. Careful experimenters 
were, hovrever, unable to distinguish air which 
was reputed to be unhealthy from that which 
experience had proved to bo beneficial and 
salubrious. Thus, in Priestley’s liands, air 
from the country seemed no bidler than that 
obtained from tlic worst-ventilated workshops 
I of Birmingham. Cavendish, after a critical 
examination of tho met hod, made numerous 
analyses of air. ‘During the lust half of the 
year 1781,’ he says, *I tried the air of near 
sixty diiTereiit days in order to find whether it 
was sensibly more phlogistic atod at one time 
than another, but found no dillerenco that I 
could be sure of, though tho wind and weather 
on these days were very various, some of them 
bi.iiig very lino and clear, others very wet, and 
others very foggy . . . On the whole, thorn is 
great reason to tliink that the air was in reality 
not sensibly more dcplilogisticaled oil any one 
of the sixty days on which I tried it than the 
rest.* Cavendish devised a scale of graduation 
applicable to all nitric oxide eudiometers, by 
means of which the late Dr. Wilson calculated 
that the mean of his results furnished the 
following numbers, expressing tho centesimal 
composition of the air by volume ; 

Oxygen . . . 20 8.33 

Nitrogen . . 79T67 

lOO-OOO 

Cavendish concludes his Account of these 
observations by pointing out the character of 
tlic information furuisJicd by tho eudiometer. 
I’dymologirully tho name was without signifi- 
cance. ‘In so far as tlie instrument tokee 
cognisance of tlic impurity of the atmosphere, 
it lietrays no diilerenco between one sjiecimen 
of air and another; so that, apparently, there 
are no degrees of goodness to be measured .... 
Thus it may be inferred tliat our sens© of 
smelling can, in many cases, perceive infinitely 
smaller alterations in the purity of the air 
than can be perceived by the nitrons test* 
(Cavendish, ‘Account of a New Eudiometer,*' 
T. 1783). 

These conclusions were confirmed by Hum- 
boldt and Gay-Lussao in their celebrated 
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memoir on the composition of the air, published 
in 1804. They employed the eudiometrio method 
of Volta, i.e. explosion with hydrogen, and from 
an extensive series of analyses made on air 
collected in the most variable weather they 
concluded that 100 vols. of air contained 21 of 
nxygen and 79 of nitrogen. 

The constant proportion of tlie two principal 
constituents of the atmosphere appeared now 
to bo so well established that many chemists, 
after the recognition of the atomic theory, were 
inclined to think that air was a definite com- 
pound of oxygen and nitrogen. The two main 
constituents of the air are, however, not present 
in the simple ratio demanded by the law of 
Gay-Lussac. There is no evidence of chemical 
combination on mixing oxygen and nitrogen in 
the proportion in which these gases are present 
in air : the properties of tho mixture arc identi- 
cal with those of air and are such as might bo 
predicated to result from such a mixture. 
Moreover, oxygen and nitrogen can be isolated 
from air by mechanical means, or by taking 
advantage of the different intestinal movcmmits ' 
of tho gases. Graham soimratcd the gases by 
atmolysis, and Bunsen demonstrated that the 
two gases were absorbed by solvents on which 
they exerted no chemical action in exact accord- 
ance with tho law of partial pressures. Lastly 
the more accurate eudiometric processes of tho 
last forty years have shown that tho proportion 
of oxygon to nitrogen oven in so-called normal 
air is not absolutely constant. This fact was 
first clearly demonstrated by Bunsen: in a 
series of analy.ses made during January and 
February 1840, lie found that the percentage 
amount of oxygen varied from 20-97 to 20*84 
by volume, i.e. a difference of 0*13 p.c., whereas 
tho error of experiment never exceeded *03 p.c. 
Even wider variations were found by Kegnault 
in the course of u long series of analyses mado 
on air collected in different parts of tho world. 
In more than 100 analyses of air taken at 
various times of the year in and about Baris the 
lowest (piaritity of oxygen found was 20-913 and 
the liigliest 20-999 ; an extreme diffcrcnco of 
O-08C ; tho experimental error being 0 02 p.c. 
Air collected from different parts of Europe, 
from valleys and from the tops of mountains 
and during different seasons of tlic year, showed 
variations in the amount of oxygon from 20*903 
to 21*0 p.c. 

Angu.s Smith found similar differences in 
London air in course of numerous analyses 
made during 1809 ; tho percentage amount of 
oxygen varied between 20*857 and 20*95. That 
these variations are duo to local or accidental 
causes in tho case of a town is established by 
the circumstance that tho air in the streets is 
almost invariably poorer in oxygen than the 
air of the parks and open spaces. As types of 
normal air, Angus Smith found the following 
means of numerous analyses of air in Scotland 
<1803-6): 


Seashore and the heath 20*999 
Tops of hills 20*98 

Not mountainous 20*978 

Forests 20*97 


tn marshy places the oxygen sank as low as 
80*922. 


In Glasgow, in a series of 30 analyses the 
oxygen varied from 20*889 in the closer parts 
to 20*929 in the more open places. A. B. Leeds 
found that the air of New York showed varia- 
tions from 20*821 to 21*029 p.c.; and lastly 
Jolly found that air in Munich freed from car- 
bonic acid and aqueous vapour varied in weight 
as much as 9 mgm. per litre, this variation 
depending upon the direction of the wind. By 
eudiometric measurement ho obtained variations 
from 20*53 to 21*01 p.c. Southerly winds as a 
rule showed a relatively low percentage of oxygen. 
According to E. W. Morley these deliciencies in 
the relative amount of oxygen arc to be attributed 
to the down-rush of air poorer in oxygen from 
the higher regions of the atmosphere. It was 
conjectured by Dalton and Babinet that air in 
the upper strata of tho atmosphere contained 
relatively less oxygen than that immediately 
above the earth. 

From llegnault’s observations it would seem 
that sea-air contains slightly less oxygen than 
land air. Tho mean of 17 samples collected in 
■ llic Arctic seas was 20*91, the extremes being 
20*94 and 20*85. The mean of all the samples 
collected at sea was 20*84 ; in a scries of twenty 
only five showed amounts of 20*90 and upwards. 
On the other hand, the observations of Lewy indi- 
cate that sea-air differs but little in composition 
from land-air, but that in tho tropics it expe- 
riences close to tho sea a diurnal variation in 
the amount of oxygen and carbonic acid, duo 
to the action of the sun’s heat in disengaging 
these gases from the w*ater. Subsequent ex- 
periments on the composition of air over the 
sea have not confirmed these observations so 
far as the carbonic acid is concerned {vide 
infra). 

We have comparatively little information in 
regard to tho relative quantities of the consti- 
tuents of the air at great heights. Such 
experimental evidence as exists seems to indi- 
cate that air contains relatively less oxygon 
in llie higher strata than near tlie surface of the 
earth. 

Very little is known respecting the proportion 
of ozone in tho atmosphere, or of the circum- 
stances which influence its production. The 
ozonometric methods hitherto devised are in- 
capable of affording accurate quantitative esti- 
mations. Air over marshes or in places infested 
•by malaria contains little or no ozone. No 
ozone can be detected in towns or in inhabited 
houses. 

Houzeau {A. Ch. [4] 27, 5) determines the 
relative amount of ozone in the air by exposing 
strips of red-litmus paper dipped to half their 
length in a 1 p.c. solutiop of potassium iodide. 
The i)aper in contact with ozone acquires a 
blue colour from the action of the liberated 
potash ifpon the red litmus. The iodised litmus 
paper is preferable to iodised starch paper 
(SchSnbein’s test-paper) which exhibits a blue 
coloration with any reagent which liberates 
iodine, e.y. nitrous acid, chlorine, Ac. From ob- 
servations mado with iodised litmus paper 
Houzeau concludes that ozone exists in the air 
normally, but tho intensity with which it acts at 
any given point of the atmosphere is very vari- 
able. Country air contains at most 
its wxdght or of its volume of ozone. 
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The fr^nenoj of the ozone manifestatione 
▼arieswith the seasons, being greatest in spring, 
strong in summer, weaker in autumn, and 
weakest in winter. The maximum of ozone is 
found in May and June, and the minimum in 
December and January. In general ozone is 
more frequently observed on rainy days than in 
fine weather. Strong atmospheiic disturbances, 
as thunder storms, gales, and hurricanes, are 
frequently accompanied by great manifestations 
of ozone. According to Houzcau atmospheric 
electricity appears to be the most active cause 
of the formation of atmospheric ozone. 

The existence of hydrogm peroxide in air was 
first established by ^leissner in 18(13, but we 
have no knowledge of the proportion in which it 
is present. All information as to its relative 
distribution is obtained from determinations of its 
amount in rain water and snow. The proportion 
seems to vary, like that of ozone, with the seasons 
of the year and with the temperature of the air. 
It is not improbable that the amount of hydro- | 
gen peroxide in air is greater than that of ozone, 
and it is possible that many so-called ozone 
manifestations are in reality duo to peroxide of 
hydrogen {v. Houzeau, 0. fi. 7(1, 401; Schun- i 
boin, J. pr. 100, 270 ; Meissner, J. 08, 181 ; Schone, i 
B. 12, 31(5 ; 13, 1503). 

The amount of aqueous vapour in tho air is 
subject to great variations. It depends princi- ; 
pally upon the temperature, on the distance . 
from the equator, and on tho level of the sea ; on { 
the form in which tlie aqueous vapour is pre- 
cipitated ; on the connexion between such pre- 
cipitations and the change of temperature ; and 
on tho direction and succession of winds. The 
air is rarely saturated with aqueous vapour. In 
our moist climate saturation is sometimes very 
nearly attained, but in some parts of Central 
Asia, Kussia, and Africa, extraordinary degrees 
of dryness have been ludiced. In these islands 
tho most humid mouth is January, and the dries 
is May. 

The existence of carbonic acid in the atmo- 
sphere was first inferred by Dr. Maebride of 
Dublin, in 1701, from tlie observation that 
quicklijno after exposure to tho air effervesced 
on treatment with an acid. From the case with 
which deterjiiinations of its amount may bo 
effected our knowledge of tho distribution of 
atmospheric carbonic acid and of the causes 
which affect its proportion is probably more 
precise than in tho case of any other consti- 
tuent of tho air. In fresh country air tho j 
amount is remarkably constant, and may bo j 
stated as about *034 p.o. In large towns and I 
cities it is usually greater; thus Angus Smitli, 
from numerous analyses made in London during 
November 1889, found as a mean -014 p.C. ; in 
upwards of 70 analyses the proportion fell below 
•04 p.c. on only 5 occasions. In Glasgow, Smith 
iound on an average •05 p.c. The amount will 
of course bo affected by any circumstances ! 
which interfere with tho rapid diffusion of tho ! 
carbonic acid produced by respiratiolfi and the j 


Per cent. 

In Manchester streets in usual weather '0408 

During fogs •0()70 

Where tho fields begin .... *0309 
In country air the amount of carbonic acid is 
invariably greater at night than during tho day. 
This remarkable diurnal variation was first 
pointed out by Saussure (P. 19, 391), aud has 
i been fully confirmed by subsequent observers. 
: Thus, as the mean of numerous analyses made 
! at Clermont-Ferrand, Truchot {C. li. 77, 675) 
obtained during the day *0353, and during tho 
night *0403 (v. also G. *F. Armstrong, Pr. 1880. 
313; and IMuntz a. Aubin, G. li. 92, 1299). 
These differences aro mainly due to tho exha- 
lation of carbonic acid from plants at night. 
In tho air of towns, and in the absenoe of 
vegetation, no such diurnal variations can bo 
detected. 

Tho amount of carbonic acid in tho air is 
not sensibly altered by rain ; this indeed would 
follow from tho law of partial pre.ssure. Over 
tho sea the amount of carbonic acid is about 
•03 p.o., and, contrary to the statement of Lewy, 
no diurnal variation in tho amount can he 
perceived (Thorpe, C. J. [2J 5, 189). Schulzo 
{Landw. Versuchs.-St. 14, 36()) obtained 
similar results with sea air at llostock : tho 
mean of a largo number of observations made 
from 1808 to 1871 was *0292 p.c. No definite 
chango in the amount was ob.served iit different 
seasons of tho year or at different tinn s of the 
day. Fog and also a fall of snow were often 
associated with an inereaso of carbon dioxide 
] {v. also Fittbogcu a. llassclbaiih, C. C. 1874. 
091). 

Very little is known concerning tho distribu- 
tion of carbonic acid in tho higher strata of 
tho atmosphere. According to Saussure and 
; Schlagentwcit the amount of carbon i(; acid on 
I tho mountains is greater than on tlie ))lain8: 

; Truchot, however, found only •0203 on tho top 
of the Puy-de-Dumc (11 IG m.), aud -0172 on the 
I Peak of Sancy (1881 ni.), as against ’():'*13 at 
j Clermont-Ferrand. Additional observations are 
i required. 

j The existence of nitric acid in tho air was 
j first inferred by Priestley. Tho amount, how- 
I ever is so small that it can only bo detected 
; in rain - water. Nitroxyg n compounds aro 
I occasionally produced during thunder-storms, 

I and it is said that tho rain collected during 
a storm often contains notable quantities of 
nitrous and nitric acids. Boussingault found 
that a million parts of rain wTiter contained 0'83 
parts of nitric acid. Peichardt found in hail- 
stones collected during a thunderstorm 0’626 
parts per million. 

According to Parral each hectare at Paris 
receives annually from the rain about 63*0 kilos 
of combined nitric acid. Jiineau found that 
1 litre of rain-water at liyons contained in 
winter 0-3 nigra, nitric acid ; in spring 1*0 ; in 
summer 2 0 mgra. ; and in autumn 1*0 rngra. 
Bobierre found that a cubic metro of rain-water 


combustion of fuel : hence during fogs the pro- 
portion is very greatly increased, an amount 
as high as 0-1 p.c. having been occasionally 
noticed. Smith gives tho following summary 
of results obtained in Manchester {Air and 
Eaint p. 62). 


collected at Nantes in 1803 contained on an 
average 7^3G grams in the upper part, and 
6-682 grams in the lower part, of tho town (C.jR. 
1864, 755). Angus Smith {Air and Bain, p. 287;^ 
obtained the following results from a large num*- 
ber of observations on rain-water. 
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yurkadd 
(pts. per mUUon) 

Scotland : inland country places . • 0*305 

Ireland— Valentia ..... 0*870 
England— sea coast country places . . 0*371 

Scotland „ country places, west . 0*372 
„ „ east . 0*476 

„ „ „ average 0*424 

Liverpool 0*582 

England : inland country places • . 0*749 

London : 1869 0*810 

England : towns ..... 0*803 
Manchester : moan of 1869 and 1870 . 1*032 

Scotland: towns (Clhiogow excluded) . 1*164 
Glasgow 2*430 

The amount of nitric acid in the rain-water 
of towns is uniformly greater than in rain- 
water collooted in the country, from whicli wo 
infer that much of the nitric acid in the air is 
due to the oxidation of ammonia derived from 
the decomposition of nitrogenous organic matter. 

The ammonia in the air exists partly as 
carbonate, partly as nitrate and nitrite ; ammo- 
nia itself being converted into nitrous and nitric 
acids and water by ozone. Scheelo observed tlmt 
a bottle containing hydrochloric acid bccamo 
coated near the stopper with a film of sal ammo- 
niac on exposure to the air. A piece of j)ipc- 
olay heated to redness and exposed to the air 
for a few days yields a perceptible amount of 
ammonia when reheated : this is not the case if 
the clay is kept in a stoppered bottle. 

The quantity of ammonia contained in the 
air is extremely variable : the results on record 
differ from 135 to 0*1 of ammonia (calculated 
as carbonate) in 1,000,000 parts of air. Fresenius 
found that a million parts by weight of air con- 
tained during the day 0*098 parts of ammonia, 
and during the night 0169 parts. According to 
H. T, Brown the amount ordinarily presetd is 
much larger than this : a million parts of country 
air at a height of 2 metres from the ground 
contained from 6*1 to 6‘08 parts ; the same 
amount of town air contained from 4*06 to 8*73 

E arts of ammonium carbonate (7Y. 18, 286). 

drcction of wind appears to have no inlluenco 
on the amount. The quantity decreases after 
heavy rain but is restored to the normal amount 
(about 6 pts. in 1,000,000) in a fow hours. 
Truchot (C. R. 77, 1159) found from 0*93 to 
9*79 mgm. per cubic metre in the air of Auvergne, 
the highest results being obtained on misty days 
and the lowest gju clear days. From observa- 
tions made on the Puy-de-DOme, Truchot con- 
cludes that the quantity increases with the 
elevation and is greater in cloudy tlian in clear 
air. On the other hand, Muntz and Anbin 
(C. R. 95, 788), from observations made on rain- 
water, find that tlie upper strata of tho air 
contain much less ammonia than air near the 
surface of the earth. Nitric acid also was 
entirely absent from rain water collected at an 
elevation of 2877 m. Lewy (C. R. 91, 94) finds 
that tho air in summer contains invariably larger 
quantities of ammonia (2*3 mgm. NH, in 1000 
o.m.) than in winter (1*7 mgm. in 1000 c.m.). 

The proportion of ammonia contained in 
rain water is as might be expected subject to 
equally wide variations. Lawos and Gilbert 
found that 1,000,000 pts. of rain-water collected 


in tha ooontry oontainod from 0*937 to 1*141 
pts. of ammonia. Water collected in towns 
always contains much larger amounts than that 
collected in the country. Barral found that 
1,000,000 parts of Paris rain-water contained 
3*49 pts. of ammonia. Angus Smith obtained 
1*07 pts. of ammonia in the rain-water of inland 
country places in England, whereas the water 
collected in the inland country places and more 
sparsely populated districts of Scotland con- 
tained only 0*53 pts. of ammonia per million. 
The rain water of London contained 3*45 ; that 
of Liverpool 6*38 ; that of Manchester 6*47 ; and 
that of Glasgow 9*10 parts per million. The larger 
proportion in tho cities is due to the influence 
of animal life and to the constant presence of 
azotised organic matter in tho air of thickly 
populated districts. Dews and fogs and snow 
always contain larger quantities of ammonia 
than rain-water. (For references, see Angus 
Smith, Air and Rain.) 

In addition to these substances oxygen, 
nitrogen, carbon dioxide, ozone, water-vapour, 
ammonia, and nitrous and nitric acids — whicli 
are the essential and necessary constituents of 
atmospheric air, it frequently contains a variety 
of accidental substances such as common salt, 
alkaline sulphates, and organic matter dead and 
living, derived from tho proximity of the sea 
and of marshy districts, or to the influences of 
towns. Moscati nearly 80 years ago observed that 
the dew condensed on bottles filled with ice and 
suspended over tho rice-fields of Tuscany, when 
collected quickly became putrescent and de- 
posited flakes of a body containing nitrogen; 
and similar appearances were noticed by Rigaud 
de Lisle in 1812 in the dew collected in the 
marshes of Languedoc. The water deposited 
flakes of nitrogen iscd organic matter and gave with 
silver nitrate a precipitate which became imme- 
diately purple. (Compare A. H. Since, iY. 20, 442.) 
Vogel also observed that the moisture condensed 
on cold surfaces in inhabited rooms quickly 
became putrid owing to the presence of organic 
matter resembling albumin. Angus Smith found 
that the moisture condensed from breath after 
standing for some time formed a thick glutinous 
mass, which was seen under the microscope to 
be a closely -matted coufervoid growth. Between 
the stalks of the confervte a number of greenish 
globules were to be seen in a state of constant 
movement; also various species of volvox accom- 
panied by monads many times smaller. As far 
back as 1722, Loewcnhoeck {Opera otmiia, voL 
i. 1722) sliowed that rain-water, even when 
recently collected, contained infusoria derived 
apparently from the air. Similar observations 
were made by Ehrenberg and Gaultier de Claubry 
(C. R. 41, 645). The first attempt to throw 
light upon the question of the relative distribu- 
tion of the organisms present in air was made by 
Pasteur, by subjecting certain putrescible solu- 
tions to the action of the air obtained from 
various localities. 

Tyndatl {Les Microbes^ Paris, 1882) has 
shown that tno micro-organisms contained in 
air are rapidly deposited in the absence of any 
strong aerial currents. Upon this fact Hesse 
{Mittheilungen am dem kaiserlichen Oesund* 
Jieitsamtc : Berlin, 1884) has based a method 
for quantitatively estimating the relative pro* 
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poriloh of mioro’organisms in air. The method 
eonsists in aspirating air through wide-mouthed 
glass tubes, coated internally with gelatine- 
peptone, prepared according to Koch’s method, 
which is afterwards kept at a temperature of 
20®-26° for a few days, when the organisms 
wliich have been arrested— consisting of the 
various monads, bacilli, and micrococci, capable 
of development and growth in the nutrient 
gelatine— are recognised by the colonies to 
which they give rise. By means of this method 
Dr. Pet’cy F. Frankland has made a number of 
estimations of the micro-organisms contained 
in the air of towns, and in the country, and in 
inhabited buildings. By simultaneously ex- 
posing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
only of the number of micro-organisms in a 
given volume of the air, but also of the number 
which fell during a given time on a definite 
horizontal area. As tlie mean of a series of 
observations made on the roof of the South Ken- 
sington Museum between Jan. and Juno 1886, 
it was found that there were 35 organisms in 
10 litres of air, whilst 279 was the average 
number which fell in 1 sq. ft. in 1 minute. 
Similar experiments made near Rcigate and in 1 
tlie vicinity of Norwich showed an average of | 
14 organisms in 10 litres of air, whilst 79 fell ! 
per sq. ft. per minute. Experiments made in 
KensingtonGardens, Hyde Park, and on Primrose 
Hill, gave an average of 24 organisms in 10 
litres, and a deposition of 85 per sq. ft. per 
minute. At St. Paul’s Cathedral, 56 organisms , 
wore found at the base, 29 in the Stone Gallery, j 
and 1 1 in the Golden Gallery, in 10 litres of air. 
At Norwich Cathedral 18 at the base, 9 at a 
height of 180 ft., and 7 at 300 ft. In inhabited 
buildings groat variations were observed ; as a 
rule the nmnber of micro-organisms was less 
than that found in the open air when the air of 
the room was undisturbed, but rose rapidly when 
the air was set in motion by draughts or by the 
presence of many people (P. F. Frankland, Pr. 
40, 509). 

Angus Smith has sought to base a system of 
chemical climatology on the examination of rain- 
water collected under different conditions and at 
various places. Bain falling through the air 
over the sea always contains common salt and 
sulphates, the latter in larger proportion to the 
chlorides than is found in sea-water. The sul- 
phates increase inland : they seem to bo a 
measure of tlie products of decomposition, the 
sulphuretted hydrogen which is evolved in the 
putrefaction of certain organic compounds being 
oxidised in the atmosphere. In largo towns, the 
amount of the sulphates is greatly inareased 
owing to the combustion of coal containing iron- 
pyrites. Indeed the rain water of large towns is 
frequently acid from the presence of free sul- 
phuric acid. AVhen rain contains 40 parts per 
million of free acid, vegetation is rapidly affected. 
The following analyses by Angus ^rnitli will 
servo to show the general character of the rain- 
water (and tlierofore of the impurity of the 
atmosphere) in various parts of Great Britain. 
The results, which are the mean of many ex- 
periments, are expressed in parts per million of 
rain-water. 



I. 

n. 

III. 

IV. 

V. 

VI. 

vu. 

Soa Air: 
Bcottand 

12-28 

8-61 

0 

0*74^ 

0*108 

•424 

•018 

Bngland 


6*88 

0 

1-90 not dct.' 

•371 

not dot. 

Inland 
entry, air: 
Scotland 

^not deb. 
3*37 

2*06 

0 

0 * 53 ' 

•04 

•306 

•2«4 

liiifjland 

8-99 

6-22 

0 

1 1*07 

*109 

*749 

•4«6 

Towns: 

lA>ndon 

1-25 

20*49 

0 

3-87 

3-45 

•205 

*840 

not deft. 

Llvcrpl. 

10*16 

39-69 

11-56 

6-3S 

•159 

•682! 

8*896 

Miiolistr. 

6-83 

44*82 

10*17 

6-47 

•261 

1-032: 

•4401 

Glasgow 

8-97 

70-19 

15*13 ' 

) 

9-10 

•300 ; 

2*436 j 10*040 


I. Amount of hydmchlorio acid (chlorides), 

IT. „ sulphuric acid (sulpliiitc.-i). 

lir. „ ucidiLy (free sulphuric acid), 

IV. „ ammonia. 

V. „ albuminoid ammonia; decomposition 

of orgimio matter. 

VI. ^ nitric acid. 

VIL M weight of oxygen rcciiiired to oxidisa 

organic matter (mcasuro of organlo 
matter and nitrites). 

Although the atmosphere is subject to con- 
tinual change from a multitude of causes, such 
as the respiration of animals and plants, the 
combustion of organic matter, various processes 
in the arts etc., still from its immense mass and 
uninterrupted motion such changes have only 
the very slightest effect on its composition. Lot 
us very briefly consider the chief circumstances 
wliich tend to influence the proportion of its 
components. 

Nitrogen is undoubtedly a primitive sub- 
stance: no other body occurs in such large 
quantities as an element. This gas is probably 
the source of all nitrogenous bodies, in tho for- 
mation of which it is continually abstracted from 
tho air. A portion only of the nitrogen so 
abstracted finds its way back to the air as such : 
the most consideralilo compensating influimoa 
known to us is tho nitrogen evolved by volcanoes. 

By tho respiration of animals and tho oxi- 
dation of the spent portions of thoir tissue, by 
the respiration of plants at night-tinuj, and by 
the combustion of fuel, largo quantities of car- 
bonic acid arc being continually added to the 
atmosphere. Enormous quantities also are 
evolved from volcanoes and other subterranean 
sources. Poggendorff lias indeed calculated that 
the amount so added is at least ten times as 
much as is derived from all otlier sources put 
' together. Taking tho weight of carbonic acid 
! in tho air as '06 per cent., it can be calculated 
[ from the area of tho terrestrial oblato spheroid 
that tho weight of the carliDiiio acid in the 
atmosphere is about 3,22lfl)00 x 10 kilos (Le 
Conte, P.JII. [o] 15, 46; v. uLo E. H. Cook, 
i\ M. [5] 14, 387). At least 50,000 million 
kilos of carbonic acid are daily added to the 
I air. The main compensating infliionco is of 
course the action of growing plants in sunshine ; 
carbon dioxide is also removed directly and 
indirectly by zooiihytcs and by cijrtain clicmical 
actions such as tho conversion of felspar into 
kaolin, Ac. Sterry Hunt (‘ Chemical and Geo- 
logical Relations of the Atmo.sphero,’ Am. 8» 
1880) has calculated that a weight of carbonic 
acid equal to more than twenty-one times thai 
of our present atmosphere would be absorbed in 
tho production from orthoclase of a layer of 
kaolin extending over tho earth’s surface with A 
thickness of 500 metres, an amount representing 
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but a small proportion of the results of fel- 
spathio decay in the sedimentary strata of the 
globe. 

Dumas andBoussingault, in their well-known 
memoir on the Composition of tJin Air (A. Ch. 
[3] 3) made some interesting calculations on 
the duration of the supply of atmospheric oxy- 
gen. They found that, taking all the known 
sources of diminution, and assuming that the 
oxygen disengaged by i)lants compensates only 
for the causes of diminution at iirescnt unknown, 
then even in this exaggerated case three times j 
the amount of oxygen thus abstracted would ' 
only amount in 100 years to about of the 
total quantity, an amount barely appreciable by 
our most tixact eudiometric methods.— T. E. T. 

ATOMIC AND MOLECULAR WEIGHTS.— 
Two theories regarding the ultimate constitution 
of matter have opposed each other from the 
beginnings of philosophy; one asserts that any 
mass of apparently homogeneous matter is 
really homogeneous; the otiier alTirms that 
every portion of matter of sensible size is built 
Up of avast number of small particles which arc 
not themselves capable of further sub-division. 
The earliest exponent of the second theory of 
whom we possess any delin it (; record was the Greek 
philosopher Democritus, who tlourishedaboul loO 
B.o. The doctrines of Democritus were deYeh)ped 
by Epicurus, and the teachings of the Epicurean 
philosophy are preserved in the Latin poem of 
Lucretius (n.c. 0',) 55). These early atomists 
tried to assign to the atom.s, of wbieli they said 
matter is composed, only such properties as 
Bhould Runiee for their presentation in time and 
space. They taught that nothing exists save 
atoms and empty space ; that the atoms or ‘ lirst- 
beginniiigs,’ are of many dilh;rent forms, and 
different weights, and the number of atoms of 
each form is infinite; that all change is only ! 
combination or separation of atoms ; and that 
the atoms are in constant jnolion. To meet 
the objection that if a mass of matter is at rest 
the parts of it cannot be in motion, Lucretius 
uses the illustralioii of a lloek of grazing slieep 
with Bkii»ping lambs; to one looking from a 
distance the tlock ajipcars as a wbito motionless 
patch on the greem hillside, but a closer view 
shows that the parts of the tlock are continually 
changing their ])osi(;ions. Every atom, TiUere- 
tius asserts, is iiide di uclible, and its motion is 
iiulestnictible lik(^wi'.e; if this were not so how 
could wo account fur the preservation of fixed 
types in nature ? Hoses always bear roses, aiid 
each animal reproducesits like, bccaiisethc ‘first 
beginnings ’ (or atoms) of wbieli each is composed 
arc tbo same and are never destroyed or worn 
out. ‘ Eirst-bogiiinings arc of solid singleness, and 
in no other way can they have been ])roserved 
through ages during infinite time past in order 
to reproduce things.’ ' Here wo see how clearly 
the early atomists recognised that every event in 
nature occurs in accordance with strict laws. 
Nothing happens by chance, was a fundamental 
doctrine of tlieso philosophers. * I . . . teach 
... by what law all things are made, what 
necessity there is tlion for them to continue in 
that law, and liow impotent they are to annul 

* Lucretius, De Rerum Xatura, I. R4B-C60 (Manro's 
knuaslation). 


the binding statutes of time.* ' The waj to 
gain a knowledge of the laws of nature, Lucretius 
teaches, is to examine natural events. (See for 
instance the analysis of the effects of the 
thunderbolt in Book vi. 323-398.) The differences 
between a hard body such as iroa, and a soft 
body such as air, depend, according to Lucretius, 
on the motions of the atoms of the two bodies ; 
in the liard body the atoms move to and fro 
within very small distances, in the soft body 
they move freely and rebound from each other 
only at comparatively long intervals. ‘ Bodies 
are partly first-beginnings of things, partly 
those which are formed by a union of first 
I beginnings.’ " The latter arc produced by the 
j atoms grouping themselves concilio ; this term 
seems to mean .:,omething very like our expres- 
sion in comlnnation. The properties of tlie body 
1 formed by the grouping together of atoms need 
not resemble the properties of the atoms them- 
selves (see, for instance, Book 1. 915-920). Not 
onlj’ must the atoms enter into coJiciliian with 
each other in order that any kind of matter may 
be produced, but the properties of the matter 
thus formed depend on the mutual relations of 
, the atoms; ‘it matters much with what others 
and in what positions the same first-beginnings 
' of things are hedd in union, and what motions 
I they do mutually impart and receive.’-’ 

I Altliough this theory .was so nearly complete, 

I yet, ns taught by Lucretius, it bad few of what we 
j now regard as the essential features of a good 
i scientific theory; it was not stated in terms 
I which permitted of numerical applications to 
i actual phenomena. Eew or no exact ai'plica- 
i tions of the theory could he made to natural 
I phenomena. It ^vas scarcely able to i)i-cdict 
I events In nature except in a wide and loose way. 
It savoured loo much of a dogma. It was rather 
a si*cculation as to what might b(3 the cause of 
natural occurrences, tlian an attempt to deter- 
mine wliat these causes really Vero. 

The teachings of the Epicurean philosojdicrs 
! were opposed by those of the school of Aristotle. 

[ The Aristotelians magnified the names of things 
' and made theiq as real or even more real than 
the things themselves; they identified ‘modes 
of predication with modes of existence ’ (Lange). 
Matter occupied a foremost position' in the 
Epicurean scheme of the universe, but by the 
followers of Aristotle it was regarded only as the 
‘ potentiality of becoming any thing or every thing.’ 
Aristotelianism prevailed in the middle ages and 
atomism fell more and more into disrepute. 

But in 1592, Gassendi, Canon and Trovost at 
Digno in Provence, reviyed the atomic theory of 
the Greek philosophers, and attempted to found 
on it an interpretation of natural events. The 
[ inlluenco of Gassendi was continued through 
j Newton and Boyle ; the former of whom, as we 
i know, dciftonstrated that not only do masses of 
I matter attract each other, but that every par- 
I tide of each mass attracts every particle of the 
; othe” mass with a force varying directly as the 
' masses of* the particles and inversely as the 
square of the distance between the particles. As 
, Newton accepted the atomic conception of the 
structure of matter, his domonsiration of the 
I action of the force of gravitation gave a new 

* Id. V. 55-58. ■ Id. I. 483-i. • Id. II. 1007-8. 
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departure lor tb« theory of atoms. ]^iii 
this time a soienoe of atomio physios became 
possible. But the difficulty was, and still is, to 
form /I clear mental picture of the mechanism 
<. of the action of the force of gravitation in terms 
of .the atomio Conception of matter. Newton 
■ gave the mathematical construction, and clearly 
•separated this from the physical explanation 
which belonged to the region of conjecture. 

-• Not much was done, after Newton, to advance 
^ the application of the atomio theory until the 
' early years of the present century, when Dalton 
made a serious attempt to detormiiie the condi- 
tions under which the atoms of elementary bodies 
unite to form the atoms of compound bodies. 

The groat advance made by Dalton consisted 
'in his asserting the possibility of finding the rela- 
tive weights of the atoms of all kinds of matter, 
and in his demonstration of the method whereby 
these relative weights could be determined. 

Many analyses of chemical compounds had | 
been made before the time of Dalton ; tho 
results were usually stated in percentages, and 
they scorned to have but few mutual relations. 
Kmh.ter (1791-1802) had shown that a definite 
.mass of each acid combines with a specified | 
mass of a given base ; he had arranged several i 
acids and bases in order of neutralisation. 
Fischer, in 1803, published a table of chemical 
equi^lenta which expressed the quantities of 
bases which were of equal value as regarded 
power. of neutralising a constant quantity of a ' 
specified acid. Lavoisier, Cavendish, and others, 
bad to some extent grasped the conception of 
the elements combining in definite proportions. 
They had never doubted that every clKuiiical 
substance was of definite composition, and that 
it would be possible by careful analyses of many 
qpmpouuds to find the laws of olementary combi- 
nations. Proust had analysed several pairs of 
oxides of the same- metal; from some of his 
numbers the law of combining weights miglit 
have been deduced, luid he stated liis re.sults so 
as to i.how tlio quantities of oxygen in combina- 
tion with a fixed quantity of metal. 

Dalton analysed two campounds of carbon and 
hydrogen, and found that in one there was twice 
as much hydrogen as in the other, combined with 
the same quaniity of carbon. He found similar 
. regularities in tho quantities of oxygon which 
combined with a si)Gcified quantity of carbon, in 
the quantities of oxygen which combined with 
-a specified quantity of nitrogen, Ac. Meauwhilo 
. he^^ had been thinking much regarding the 
ultimate particles of bodies ; ho had pictured to 
himself a quantity of gaseous matter as re- 
sembling a heap of small shot, as built up of little 
definite parts or atoms. * Ho saw how the facts 
of chemical combination lie liad been studymg 
would help him to find the relative weights of 
these small particles. Dalton’s genius recog- 
nised. the unity which bound together so many 
diverse physical and chemical facts. Ho at once 
stated clearly the quantitative laws of themical 
combination and referred these laws to one un- 
derlying conception, tho conception namely of 
the atom.. ‘ In all chemical investigations it 
has justly been considered an important object 
to ascertain the. weights of the simples 

Vhicb cqnstiCutp a conipound. But unforta* 
isatelv the inquiry has terminated here; whereas 


from the relative weights In the mass, the restive 
weights of the ultimate particles or atoms of the 
bodies might have been inferred, from which 
their number and weights in various other com- 
pounds would appear, in order to assist and 
to guide future investigation, and to correct 
their results. Now it is one great object of this 
work to show tho importance and advantage of 
ascertaining the relative weights of the ultimate 
particles both of simple and compound bodies, 
the number of simple cdeinontary pari ides which 
constitute one comiioimd p.i’ tide, and tho num- 
ber of less compound particles which enter into 
tho formation of one more compound particle.’ * 

That he might determine the relative weight 
of tho * ultimate particle ’ of an element it was 
necessary for Dalton to have some means of 
.fixing tho number of particles of that clement in 
one ‘ultimate particle’ of several of its com- 
pound.s. Thus, masses of hydrogen and oxygen 
combine in tho ratio of 1 to 8; now, if we assume 
that the ultimato particle, or atom, of water is 
9 times heavier than tho atom of liyrlrogon, the 
most probable conclusion is that one atom of 
water is fonned by tho union of one atom of 
hydrogen, the mass of which is taken as Unity, 
with one atom of oxygen, the mass of which is 
8 times that of the hydrogen atom; but if we 
choose to assume that the atom of water is 10 
times heavier than that of hydrogen, then the 
experimental results— 1 of hydrogen oombiiieg 
with 8 of o.xygcn, by weight— are most readily 
interpreted by saying that one atom of water is 
formed by the union of 2 atoms of hydrogen, 
weighing 2, with one atom of oxygen, weighing 
10. Wo cannot then determine how many times 
the atom of oxygen is heavier than that of hy- 
drogen unless we have previously determined 
how many times the atom of tho compound 
formed by tho union of hydrogen and oxygen, 
that is the atom of water, is heavier than the 
atom of hydrogen. 

Dalton framed certain empirical rules re- 
garding tho composition of tho atoms of com- 
l^oimds formed by tho union of two elements. 
His principal rules were these: ‘If there are two 
bodies, A and B, which are disposed to combine, 
tho following is the order in which combination 
may take place, beginning witli the most simple, 
namely : 

, 1 atom of A+I atom of B=1 atom of 0, hiimry ; 

latom of A+2 atoms of U-1 „ I), ternary ; 

2 atoms of A+1 atom of B = l „ I'J, tenifiry ; 

latom of A+3iiloma of n=l ^ F, fiuatnniary; 

3 atoms of A+1 atom ofB=l „ (i, cjiiatemury.’ 

Ac. Ao. 

‘1st. When only ono combination of two 
bodie.s [’elements] can bo obtained, it must be 
presumed to be a Unary one, unless some cause 
appears to tho contrary 

‘ 2nd. When two combinations are observed 
they must bo prcsunit d to bo a binary and a 
ternary. 

‘ 3rd. When three combinations are obtained, 
we may expect one to be a binary ^ and the other 
two ternary. 

‘ 4th. When four combinations are observed, 
we should expect one binary^ two ternary^ and 
ono gmternary, &q. <fec.* 

‘ From the. application of these rales to thf 

> Daltoo, A Am (f^ 
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ohemioAl laots already well ascertained, we 
dednce the Allowing conclusions: 1st. That 
water is a binary compound of hydrogen and 
oxygen, and the relative weights of the two ele- 
mentary atoms are as 1:7 nearly [more correctly 
1 : 8 ]. 2nd. That ammonia is a binary com- 
pound of hydrogen and azote, and that the 
relative weights of the two atoms are as 1:5 
nearly [more correctly 1:4‘G6J. ... In all 
these cases the weights are expressed in atoms of 
hydrogen, each of which is denoted by unity.’’ 
But even if these rules were admitted, it was not 
always possible to fix the relative weight of an 
elementary atom ; thus, two compounds of carbon 
and oxygen were known to Dalton, containing, 
according to his analyses, 2-7 parts by weight of 
carbon combined with (i) 7 and (ii) ‘S‘5 i)arts by 
weight of oxygen ; hence, by rule 2, the first of 
these is a compound of one atom carbon with 
one atom oxygen, and hence the atomic weight 
of carbon is 2 7, and the second is a compound 
of 2 atoms carbon ( -= 5-4) with 1 atom oxygen 
( = 3*5 X 2). But the results of analyses might 
also be stated thus : (i) .5 4 carbon + 14 oxygen, 
(iij 6'4 carbon 4^7 oxygen; and the conclusion 
might be drawn that the first is a compound of 
1 atom carbon (5*4) witli 2 atoms oxygen (7 x 2), 
and the second is a compound of 1 atom carbon 
(6*4) with one atom oxygen (7). Both ways of 
stating the results of experiments would be in 
keeping with Dalton’s rules, but tho first would 
lead to the number 2-7, and the second to the 
number .5-4, as representing the relative weight 
of the atom of carbon. Another objection to tho 
Daltonian rules of atomic syntheses was that, 
although to-day we may know of but one com- 
pound of two specified elements, to-morrow we 
may know of several compounds of these elements. 

Berzelius continued tho work which Dalton 
had begun ; his aim was to discover tho laws of 
atomic combinations. Why does a specified 
element by combining with oxygen produce only 
two or perhaps three different oxub^s ? Why do 
not tho elementary atoms combine in a great 
many different ratios ? What are tho limiting 
forms of tho compound atoms produced by the 
union of any specified elementary atoms ? 
Berzelius busied himsolf with such questions 
as these. And that ho might find somo solu- 
tions to such questions, Berzelius was obliged 
to frame empirical rules, as Dalton had done 
before him. 

The following may bo taken as an example 
of tho Borzoliof'V rules. If an element forms 
two oxides with twice as much oxygen by 
weight in one as in the other, relatively to a 
fixed mass of tho clement, tho atom of that 
compound which contains tho smaller mass of 
oxygen is to be regarded as composed of one 
atom of oxygen and one atom of the specified 
element, and the atom of the other compound 
is to be regarded as composed of two atoms of 
oxygen and one atom of tho specified element ; 
but if the masses of oxygen in the two oxides 
are in the ratio 2:3 relatively to a specified 
mass of the other element, then the atom of 
the compound with less oxygen is to bo regarded, 
as before, as composed of one atom of oxygen 
and one atom of the specified element, but the 


atom of the compound with more oxygon is to 
he regarded as composed of three atoms of 
oxygen and two atoms of the other element. 

But such rules were only empirical, and» 
however satisfactory might be the particular 
results obtained by their application, it was 
impossible to rest contented until some general 
principle had been attained which should admit 
of universal application. In tho course of his 
inquiries regarding the syntheses of atoms, 
Berzelius performed a vast number of very 
careful analyses, tho results of which firmly 
established tho quantitative laws of chemical 
combination. These laws {v. Combination, 
Chemical, Laws of) assert : — (1) that the masses 
of the constituents of every homogeneous kind 
of matter stand in an unalterable proportion to 
one another, and also to tho mass of the com- 
pound they produce— tho mass of the compound 
being always equal to the sum of the masses of 
the constituents ; (2) that when two elements 
combine to form more than one compound, tho 
masses of ono of the elements which combine 
with a constant mass of the other element bear 
a simple relation to each other; and (3) that 
the masses of different elements which combine 
with ono and tho same mass of another element 
are also the masses of these different elements 
which combine with each other, or they stand 
in a simple relation to thoso masses. Those 
laws may all be expressed in the statement that 
the elements combine only in tho ratios of their 
combining weights, or, in simple multiples of 
these ratios. By the combining wTiight of an 
element is here meant tho smallest mass of that 
element which is found to combine with ono 
part by weight of hydrogen or with 8 parts by 
weight of oxygen. 

As Berzelius was pursuing his investigations 
into tho gravimetric composition of compounds, 
Gay-Lussac was making experiments on tho volu- 
metric composition of gaseous compounds. In 
1800 this naturalist was able to prove (1) that 
the volumes of the gaseous elements which com- 
bino to form a gaseous compound stand in an 
unalterable proportion to each other ; (2) that 
when two gaseous elements combine to form 
more than one gaseous compound, the volumes 
of ono of tho elements which combine with a 
constant volume of the other clement bear a 
simple relation to eaoh other ; and (3) that the 
volumes of different gaseous elements which 
combine with one and tho same volume of 
another gaseous element are also the volumes 
of these different elements which combine with 
each other, or they stand in a simple relation to 
those volumes. These laws may all be expressed 
by saying that the gaseous elements combine 
only in tho ratios of their combining volumes, 
or in simple multiples of those ratios. By the 
combining volume of a gaseous element is here 
meant the smallest volume of that element 
which is found to combine with one unit volume 
of hydrjjgon, and a unit volume of hydrogen is 
defined to be the volume, at normal tempera- 
ture and pressure, occupied by one unit mass ei 
this element. 

Gay-Lussac argued that the ratios of the 
masses of tho combining volumes of gaseous 
elements are also the ratios of tho masses of the 
atoms of these elements; and the conolnsioa 


' Daltoa, i.c. 
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waf drawn that equal Tolumes of gaseoua bbdiei, 
measured at the same temperature and pressure, 
oont^ equal numbers of atoms. This oon- 
elusion, if admitted, seems to put into our hands 
a means for finding the relative masses of the 
atoms of many compounds and hence of many 
elements. But the application leads to unlooked- 
for results. Consider the case of hydrogen and 
oxygen : experiment shows that two volumes of 
hydrogen— weighing two— combine with one 
volume of oxygen- weighing 16— and pro- 
duce two volumes of water-gas— weighing 18; 
hence, if equal volumes of gases contain equal 
numbers of atoms, two atoms of hydrogen— 
weighing two- combine with one atom of 
oxygen— weighing 16— and the product is two 
atoms of water-gas— each weighing 9. But 
each of these atoms of water-gas contains atoms 
of hydrogen and oxygen ; now, the atom of 
oxygen has been shown to weigh 16 times 
as much as the atom of hydrogen ; hence the 
atom of water-gas contains half an atom of 
oxygen. Again, consider the case of hydrogen 
and chlorine: experiment shows that one volume 
of hydrogen — weighing one - combines with one 
volume of chlorine -weighing 35-5— and that 
the product is two volumes of hydrochloric acid 
weighing 36‘5 ; hence, if equal volumes of gases 
contain equal numbers of atoms, one atom of 
hydrogen has combined with one atom of 
chlorine to produce two atoms of hydrochloric 
acid. But as each atom of hydrochloric acid 
is composed of both hydrogen and chlorine, it 
follows that each atom of hydrochloric acid is 
formed by the union of half an atom of 
hydrogen and half an atom of chlorine. But 
these conclusions arc at variance with the funda- 
mental definition of the atom, which states 
that the atom is the smallest mass of a body 
that can exhibit tho properties of that body. 

The discovery that gaseous elements com- 
bine in fixed quantities by volume had done 
something to advance tho study of atomic 
synthesis, but it had not removed the funda- 
mental difficulty, the difficulty, namely, of find- 
ing some generally applicable principle by means 
of which the relative weights of the ultimate 
particles, or atoms, of compounds might be 
determined. This difficulty was overcome by 
Avogadro. In 1811 this Italian naturalist intro- 
duced into chemistry the conception of two 
orders of small particles— the molecule, and 
tho atntn. Tlie molecule of an clement or a 
compound, said Avogadro, is the smallest mass 
of it which exhibits the properties of that ele- 
ment or compound ; the molecule of an element 
or a compound is formed by the union of smaller 
particles of matter which wo shall call atoms; 
in the case of the molecule of an elemenf the 
atoms are all of one kind, in the case of the 
molecule of a compound the atoms are of two, 
or more than two, different kinds. As the 
propertioB of the molecule of a compound are 
very different from the properties o^ the atoms 
which compose it, so it is probable that the 
properties of the molecule of an element are 
different from the properties of the atoms by 
the union of which the molecule is produced. 
A chemical action between two gases was con- 
ceived by Avogadro as being separable, in 
thought if not in actuality, into two stagoi; in 


the flret itage the molecules of the reacting 
gases are shatter^, and in the second stage the 
parts of these molecules, that is the atoms, are 
rearranged to form the molecules of the new 
bodies. 

Avogadro modified the generalisation made 
by Gay-Lussac, and re-stated it thus:— ‘ ISgttal 
volumes of gases, temperature and pressure being 
the same, contain equal numbers of molecules** 
The reactions between hydrogen and oxygen, 
and hydrogen and chlorine, which could not be 
explained by the generalisation of Gay-Lussao, 
are perfectly consistent with the generalisation 
of Avogadro. Two volumes of hydrogen com- 
bine wdth one volume of oxygon, and the pro- 
duct is two volumes of water-gas ; that is, in 
terms of Avogadro’s statement, 2p molcoules of 
hydrogen, each composed of x atoms, combine 
with p molecules of oxygen, each composed of 
x' atoms {x may or may not equal x'), and the 
product is 2p molecules of water-gas. One 
volume of hydrogen combines with one volume 
of chlorine to form two volumes of hydroohlorio 
acid ; that is, in terms of Avogadro's statement, 
p molecules of hydrogen, containing x atoms, 
combine with p molecules of chlorine, contain- 
ing atoms (x may or may not equal xf), to 
form 2}} molecules of hydrochloric acid. 

Not only are these, and other, reactions, be- 
tween gases explicable in terms of the generali- 
sation of the Italian naturalist, but this state- 
ment gives us a means of determining the rela- 
tive masses of the molecules of all gaseous 
bodies, and also of determining the minimum 
number of atoms in each of these molecules. 
That is to say, the generalisation of Avogadro 
gives us what we could not obtain from the 
rules of Dalton or Berzelius, or from the generali- 
sation. of Gay-Lussac. For it is evident that, if 
the number of molecules in equal volumes of 
two gases is the same, the masses of the two 
kinds of molecules must be in the same ratio as 
tho densitier of the two gases ; and hence, if 
the density of one of the gases be taken as unity, 
tho density of the other, in terms of this one, 
expresses the relative mass of a molecule of 
this other gas. Let tho two gases be hydrogen 
and oxygen; experiment shows that a given 
volume of oxygen is sixteen times heavier than 
the same volume of hydrogen ; hence, if equal 
volumes contain equal numbers of moleoules, a 
molecule of oxygen is sixteen times heavier than 
a molecule of hydrogen. Let us call the masf 
of a molecule of hydrogen obi^, then, in order to 
find how many times greater than the mass of 
this molecule is the mass of tho molecule of any 
gas, we have only to determine the density of 
the specified gas in terms of hydrogen as unity ; 
the number expressing tho density of the gas 
expresses also tlie relative mass of the molecule 
of the gas. But, further, the generalisation of 
Avogadro puts into nur hands a means whereby 
the minimum number of atoms in a gaseous 
molecule may bo determined, and hence a means 
whereby the maximum relative values to be 
assigned to the masses of atoms may be deter- 
mined. Consider the mutual action of hydrogen 
and chlorine, hydrogen and bromine, nitrogen 
and hydrogen, and oxygen and hydrogen. 
Having regard only to the volumes of the re- 
acting gaseous elements and the volumes of the 
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goMoud couipotuidi prodtioed, the aotioasixi ques- 
tion may be stated thus 

(i.) One volume of hydrogen combines with 
one ^rolume of chlorine to produce two volumes 
of hydrochloric acid ; (ii.) One volume of hydro- 
gen combines with one volume of bromine-gas 
to produce two volumes of hydrobromic acid; 
(iii.) one volume of nitrogen combines with three 
volumes of hydrogen to produce two volumes of 
ammonia ; (iv.) one volume of oxygen combines 
with two volumes of hydrogen to produce two 
volumes of water-gas. 

Now, as cfiunl volumes contain equal num- 
bers of molecules, these statements may be put 
as follows : — 

(i.) p molecules of hydrogen combine with 
p molecules of clilorine, and the product is 2p 


ing aa^^thasa, we arrive the following praotieai 
definition of the molecular weight of a gaseous 
element or compound: — The molecular weight 
of a gaseous element or compound is a number 
which expresses how many limes greater than 
two unit tnasses of hydrogen is the mass of the 
specified element or coynpound which occupies 
{under the same coyulitions of temperature and 
pressure) the same volume as is occupied by these 
two unit masses of hydrogen. 

Determinations of the sp. gravs. of gases are 
subject to several sources of error. But the 
values to be assigned to the combining weights 
of the elements, that is, the masses of the ele- 
ments which combine with one part by weight of 
hydrogen or 8 parts by weight of oxygen, can be 
determined with great accuracy. Now, it is 


molecules of hydrochloric acid; (ii.) p molecules i evident that the molecular weight of an element 
of hydrogen combine witlip molecules of bromine ’ must be equal to the combining weight of this 
gas, and the product is 2p molecules of hydro- element or to a simple multiple of this number, 
bromic acid ; (iii.) p molecules of nitrogen com- ; and that the molecular weight of a compound 
bine with 3p molecules of hydrogen, and the ; must be equal to the sum, or to a multiple of the 
product is 2p molecules of ammonia; (iv.) j sum, of the combining weights of its constituent 
p molecules of oxygen combine with molecules i elements ; hence the data which are required 
of hydrogen, and the product is 2p molecules of : for an accurate determination of the molecular 
water-gas. j weight of an element are (i.) an exact detemiina- 

riiereforc in (i.) one molecule of hydrogen | tion of the combining weight of the element, 
has produced, by union with clilorine, two mole- | and (ii.) a measurement of the relative density 
cules of hydrocliloric acid, both of which are of tlio element in the state of gas; similarly 
composed of hydrogen and chlorine ; in (ii.) one the data which are required for an accurate 
molecule of hydrogen lias produced, by union j determination of the molecular weight of a com- 
with bromine, two molecules of hydrobromic pound are (i.) exact determinations of the 
acid, both of wliicli are composed of hydrogen ' combining weights of the constituent elements, 
and bromine; in (iii.) one molecule of nitrogen | and (ii.) a measurement of the relative density 
has produced, by union witli hydrogen, two j of the compound in the state of gas. Thus, 
molecules of ammoniti both of which arc com- I 35*37 parts by weight of chlorine combine with 
posed of nitrogen and hydrogen ; and in (iv.) j 1 part by weight of hydrogen, therefore the 
one molecule of oxygen has produced, by union j molecular weight of chlorine is 7z35-37; but a 
with hydrogen, two molecules of water-gas, botli ! given volume of chlorine is 35*5 times heavier 
of which arc conqiosed of oxygen and hydrogen, i than an equal volume of hydrogen, therefore 
In other words, in reactions (i.) and (ii.) every 1 the molecular weight of chlorine is approxi- 
molecule of hydroge n has separated into at least j jnately 35*5 x 2 = 71 ; now, 2 x 35*37 70*74 ; 
two parts; in reaction (iii.) every molecule of j henco the molecular weight of gaseous chlorine 


nitrogen has separated into at least two parts ; 
and in reaction (iv.) every molecule of oxygen 
has separated into nt least two parts. 

These parts of molecules are called atoms. 

If we assume the truth of Avogadro’s 
generalisation, then the foregoing reactions are 
most simply interpreted by saying that tlie mole- 
cules of liydrogen, nitrogen, and oxygen, are 
each built up or composed of two atoms. As 
hydrogen is the standard clement to which the 
atomic and molcciilar weights of all other bodies 
are referred, wo say that the atomic iccight of 
hydrogen is one, and, because of such reactions 
as those just stated; that the molecular weight of 
hydrogen is two. But if the molecular weight 
of hydrogen is two, the molecular weight of 
oxygon iiinst bo .32, the molecular weight of nitro- 
gen must be 28, ilie molecular weight of hydro- 
chloric acid must bo 30*6, the molecular weight 
of hydrobromic acid must be 81, the molecular 
weight of ammonia must bo 34, and the mole- 
oular weight of water-gas must be 18 ; because 
oxygen is 16 times heavier than an equal volume 
of hydrogen, nitrogen is 14 times, hydrochloric 
acid is 18*25 times, hydrobromic acid is 40*5 
timeSt ammonia is 17 limes, and water-gas is 9 
Uijciies, heavier than an equal volume of hydrogen. 

By such reactions and such modes of reaeoa- 


is 70*74. Again, phosphorus hydride is com- ' 
posed of masses of phosphorus and hydrogen 
united in the ratio 10*32 to 1, therefore the 
molecular weight of this compound is wll*32; 
but this compound in the state of gas is 17 times 
heavier than hydrogen, therefore its molecular 
weight is approximately equal to 17x2 = 34; 
now, 3 X 11*32 = 33*96 ; hence the molecular 
weight of gaseous phosphorus hydride is 33*96. 

Having thus arrived, by the helpof Avogadro’s 
generalisation, at a definition of molecular 
weight, and having determined that the mole- 
cules of hydrogen, nitrogen, and oxygen, and of 
some other elements, are very probably composed 
each of two parts or atohis, we proceed to find 
an 'exact meaning for the term atom. If the 
atom is assumed to bo the ultimate portion of 
any homogeneous kind of matter of which 
cognisance is to be taken in chemistry, then it 
is evident that a molecule of a compound gas, 
fonned bjf* the union of (say) three elements, 
A, B, and G, muBt be formed by tlie union of at 
least one atom of the element A, one atom of 
the element B, and one atom of the element 0. 
In general terms, no molecule of a compound 
gas can be formed by the combination of lesi 
than a single atom of each of the elements by 
the union of which the compound in question is 





produe^. This it e^oifilani to sajing, tha 
atom of an elament is the smallest mass of that 
element which combines with other atoms to 
produce a molecule. 

We cannot as yet determine the absolute 
mass of the atom of any element, but we have 
agreed to call the mass of an atom of hydrogen 
unity, and to represent the masses of the atoms 
of other elements in terms of the atom of 
hydrogen; hence we arrive at the practical 
definition of the maximum atomic weight of an 
element as follows 

T}ie maximum atomic weight of an element 
is a number which expresses how fnany times 
greater is the smallest mass of that element which 
combines with other elements to form a compound 
gaseous molecule, than the stnallest mass of 
hydrogen which combines with other elements to 


\ 14*485 times heaviar than the same volume of 
hydrogen at the same temperature and pressure ; 
therefore the relative density of any gas referred 
to air as unity multiplied by 14-485 x 2 ( ^ ‘28-87) 
gives the relative density of that gas referred to 
hydrogen as twice unity, tluit is, gives 
(approximately) the molocular weight of the 
gas. Let it now be roquired to determine the 
atomic weight of oxygen ; the definition of 
atomic weiglit tells that the molecular weights 
of several gaseous compounds containing oxygen 
must be determined, that these compounds must 
be analysed and the results in each case stated 
inx>arts by weight of each olcmont per molecule 
of the com]>ound, and that the smallest mass of 
oxygen thus found in any molecule is to bo taken 
as the atomic weight of oxygen. Here are some 
of the data which have been thus accumulated;— 


Data for determining the atomic weight of Oxygen. 


Gaseous compound 

Sp. Or. air 

Sp. Gr. X28-S7 ; i.t. 

upproximato 
inolcculur weight 

TunlefiiHr 

weight 

Aiuily 

-is, stilted 111 imrts by wt. 
per iiioiooulu 

Carbon dioxide . 

1-53 

44-2 

43-89 

31-92 

oxygidi 1 1-97 carbon 

Sulphur dioxide . 

2-25 

C4-9 

03-90 

I 31-92 

,, + 31-98 sulphur 

Sulphur trioxide . 

2-9 

83-7 

79-80 

47-88 

„ + 31-98 „ 


produce a compound gaseous molecule, such 
smallest mass of hydrogen being taken as unity. 

The term, and the conception underlying the 
term, molecule, are applied to compounds and 
elements alike; the term, and the conception 


Were those the only known gaseous compounds 
containing oxygen wc should cojutlude that the 
atomic weight of oxygen is 81-92, tJiat of 
hydrogen being unity. But the following numbers 
show that this conclusion is incorrect : — 


Data for determining the atomic weight of Oxygen. 


Gaseous compound 

Sp. Gr.alrssl 

Sp.Gr.x 28*87; i.e. 

approximate 
molecular weight 

Molecular 

weight 

Anal stall'd in piirtshy wt, 
per moleculo 

Carbon monoxide 

•97 

27-97 

28*98 

15*90 oxygen + 11*97 carbon 

Water . 

•63 

18-2 

17*90 

15*90 ,, + 2 liydrogen 

Nitric oxide . 

1-04 

30*0 

29-97 

15*90 „ + 1401 nitrogen 


underlying the term, atom, are applied in 
striotness to elements only. 

The foregoing definitions of atomic weight 
and molecular weight are practical, because 
they indicate the nature of the data which must 
be obtained before the atomic or molecular 
weight of a gaseous body can be found. Suppose 
it is required to find the molecular weight of 
oxygen ; the mass of this element which com* 
bines with unit mass of hydrogen must be 
accurately measured; and the relative density 
of oxygen gas must be determined, the standard 
of reference being hydrogen taken as twice 
unity. Now, the relative densities of gases are 
determined by experiments in tcrqis of air 
taken as unity ; but a specified volume of air is 


These numbers show that at least three 
comjiounds exist the gaseous molecule of each 
of which contains 15-90 parts by weight of 
oxygen ; hence, as no molecule is known con- 
taining less than this mass of oxygen, 15-90 is 
taken as the atomic weight of oxygen. Before, 
then, the atomic weight of an ebunent can be 
determined with a fair degree of i)iobability a 
number of gaseous compounds of tlie element 
must bo analysed; if only 'a few gaseous com- 
pounds of a specified clement are known it is 
probable that the value deduced, from analyses pf 
these compounds, for the atomic weight of the 
clement, is too largo; it certainly cannot be too 
small. Thus, let us ' onsider the data for finding 
the atomic weight of aluminium: — 


Data for determining the atomic weight of Aluminium. 


Gaseous compound 

Bp. Or. alr=l 

Sp.Gr.x 28*87; U. 

approximate 
molecular weight 

Molecular 

weight 

Analysis, stated In parts wt, 
per molecule 

Aluminium chloride 

9*35 

270-0 

266-26 

64-04 aluminium + 212-22 ohlorlnt 

„ bromide 

18*6 

637*6 

632-54 

1 64-04 „ +478*6 bromine 

„ iodide 

27*0 

780H» 

813*22 

1 54-04 „ +769-18 iodine 
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Avmo AND itoLGOULAR WIGHTS. 

Specific BeeUi of the Solid Blemente, • 


Litblnm 

* Beryllium 
•Boron 

* Oarbon 
Sodium 
Ifagueiiuml 

▲luminluin 


«Hilioon 

Fboapho- 

tnacryit. 


«• 

Balplmr 
„ rhmbi<\ 


* Potaaaium 
Qiloium 
Titunium 

* Obroiuitim 

* Manganese 
Iron 

Nickel 

Oobalt 

Copper 

•• 

Zlno 


• Gallium 
Germantnml 
Arsenic 
amorphou$\ 
tryttaUine 


•Selenion 

avMr}>hom\ 

tryMalline 


heat 


‘941 

•69 

l?*fi 

■463 

■993 

■245 

■35 

•202 

•214 

•225 

•203 

•174 

•189 

•902 

•170 

•188 

•163 

•171 

•178 

•166 

•170 

•14851 

•10 

•122 

•112 

•114 

•no 

•108 

•107 

•093 

•095 

•095 

•093L>| 

•0935 

•09591 

•093 

•079 

•077 

•076; 

•0831 

•0814 

•0822 

•0746 

•0746 

•0762 

•0861 


Temp, 


about 1000' 
980“ 

-34® to+7® 


232® 

•78®toi-10®| 


-78" to +10®| 
0® to JOJ® 


12® to 23® 
0® to 200® 


-27® to +8® 
-18® to +7® 


Atomic 

weight 

Sp.bt. 
X at. wt 

Ob- 

seirer 

JSlement 

7-01 

66 

Rg. 

Selenion 

9-1 

6-6 

He. 

crystalline 

10-9 

6-6 

Wb. 

Bromine 

11-97 

6-6 

Wb. 

solid 

23 

8-7 

Rg. 

'• Zirconium 

24 

8-9 

Kp. 

“ Molybde- 


6-0 

Rg. 

num 

27-02 

6-5 

Kp. 

Rhodium 

„ 

6*8 

Rg. 

Ruthenium 

„ 

61 

Mt. 

Palladium 

28 

6-7 

Wb. 

Silver 

® 30-96 

6-4 

Rg. 

Cadmium 

„ 

6-9 

Rg. 

„ 

6*2 

Kp. 

„ 

„ 

6-3 

Rg. 

Indium 

31-98 

6*0 

D.P. 

„ 

6‘2 

Kp. 

Tlu 

„ 

6-5 

Bn. 


„ 

6-7 

Rg. 

„ 

39-04 

6-5 

Rg. 

„ 

39-9 

6-8 

Bn. 

Autimony 

48 

7-1 

N.P. 

52*4 

' 6-2 

Kp. 

! ” 

65 

07 

Rg. 


66-9 

6-3 

Kp. 

Tellurium 

„ 

6-4 

Rg. 

Iodine 

„ 

61 

D.P. 

58-6 

6*3 

Rg. 

Laiitha* 

69 

6-3 

Rg- 

num 

63*4 

6*0 

Kp. 

Cerium 

„ 

61 

Hg. 

Didymiiim 

„ 

6*1 

D.P. 

Tungsten 

649 

6-1 

Kp. 

0.smiuia 

„ 

61 

Bii. 

Iridium 

„ 

6-2 

Rg. 

Platinum 

„ 

6-0 

D.P. 


69 

6-4 

Bt. 


72'i 

6-64 

N.P, 

'* Gold 
'• Mercury 

74-9 

6*7 

B.W. 

solid 

„ 

6*2 

B.W. 

'* Thallium 

74-9 

6-1 

Hg. 

Lead 

It 

6-2 

N. 

» 

78-8 

6-9 

Rg. 

Bismuth 

M 

5-9 

Rg. 

„ 

„ 

60 

Rg. 

Tliorium 


6-8 

N. 

Vruuium 


Spec, 

beat 


Temp. 


•084J 


•0843 - 
•0666 

•0723; 
•058 
•001 1| 
•0593] 
•056 
•05591 
•057 
•06421 
‘0548 
•0667 
•057 
•0548 
•0659 
•0663 
•0514 
-0523 
•0495 
•0508 
•0607 
•0475 
■0474 
•0541 

■0449 

•0448 

•0466 

•0334 

•0311 

•0326 

•0325 

•0324 

•0314j 

•0324 


78®to- 


I 

•0319 -78® to -40' 

■0335 

•0307, 

•0315 

•0314; 

•0305 
■0308 
■0276 
•028 I 


Atom! 

weigh! 

Sp. hi 
X at. wt 

. Ob. 

. serm 

78-8 

a-7 

B.W. 

® 79-76 

67 

Rg. 

90*0 

60 

M.D. 

96-8 

60 

Rg. 

104 

6-0 

Rg. 

104-6 

6-4 

Bu. 

100-2 

6-3 

Hg. 

107-66 

6-0 

Kp. 

„ 

6-0 

Bu. 

„ 

6-1 

Rg. 

112 

60 

Kp. 


61 

Bu. 

„ 

6-3 

Rg. 

113-4 

6-5 

Bn. 

117-8 

6-6 

Kp. 

II 

6-6 

Bn. 


6-6 

Rg. 

„ 

0-0 

D.P. 

120-0 

6-2 

Kp. 

„ 

5-9 

Bu. 

„ 

6-0 

Hg. 

„ 

60 

D.P. 

125 

5 ‘64 

Kp. 

„ 

6-94 

Rg. 

126*63 

6-8 

Rg. 

138-5 

6-2 

Hd. 

141 

6-3 

Hd. 

114 

6-6 

Hd. 

18:5 0 

C-0 

Rg. 

193 

6-0 

Rg. 

194 

6-2 

Rg. 

195 

6-4 

Kp. 

„ 

6-3 

Rg. 

„ 

6-3 

D.P. 

197 

6-4 

Rg. 

109-8 

6-4 

Rg. 

•2()3-6 

6-8 

itg. 

•2U0-4 

0-3 

Rg. 

„ 

C-5 

Kp. 

„ 

6-5 

Rg. 

208 

6-6 

Kp. 

232-4 

C-3 

Rg. 

6*4 

Nn. 

240 

6-6 

Zn. 


* When no temp, is ^ren the determinations were made somewbere between 0® and 100'-', the miinbers in 

40^0®^ *** regarded as approximately representing the mean specitlc bents for the ti'iiiperiiture-iutcrval 

— calculated by Humpidge from a aeries of determinations, at temperatures 
Taking from 100 to 460 , made with a specimen of beryllium containing 99-2 per cent, of the metal. Seo^ further, 

* * * Spec, heats of boron, carbon, and silicon are discussed on p. 343-4. 

approx*!mately (+10°) Is not given in Regnault’s paper, but judging from the context it appears to tag 

* This number for chromium is probably too low ; see Kopp, A. Suppl. 3, 77 (note). 

* The specimen of manganese employed contained a little silicon. 

* Spec, heat of molten gallium between 109® and 119®=-O802 ( Berthelot ; Bl. [2] 31 229). 

heat a'^’r^d^wfor^fSon'** **^^°^^** determined at high temperatures is abnormal, ’because of the large quantity of 

‘•Spec, beat of tlraqnlum calculated by Mixter and Dana from determinations made with a sample conbilnlng 
known quantities of aluminium. * 

“ The specimen of molybdenum employed contained carbon. 

09 7(l5r* ^ constant from 0® to 600® ; at 900® Bp. ht.=*0349, and at 1000®= 0852 (Violle, C. R. 

’• Spec, beat of liquid mercury at 55® =0-033 (Regnault). 

^ The specimen of thallium employed contained a little oxide. . 

The numbers marked with 1 are probably too large. See Weber’s papers referred to below. 

The names of the various observers are abbreviated in the table: — c 

Rg. sUuds for Rkonault.-IHs papers on spec, heat are to be found in A. Ch. [2] 73, 6 ; [3] 1, 129 ; 9, 332 ;26, 261 ; 

38, 129; 46,257; 63, 6 ; 67,427. 

9 n 128, 362 ; and dtj. Siippl, 3, 1 and 289. 

n ,* F. 126, 123. 


Kp. „ Kopp , 

N. „ Neumann , 

Bn. „ Bunsen „ 

Wb. „ WEBEn „ 

D.P. ,, Dulono and Pitit „ 

Bt. „ Bbhthelot „ 

Hd. ^ UlLLKBnAND a 

B.W, „ BElTENDOniTAND WOlLNKB,, 

ILD. „ Mixter AND Dana „ 

An. N NriaoN „ 

N.P. H Nlibon ANDPlTTKRBaON « 

Mt, ^ Maijlet „ 

Cu. a ZlMMNRlCAKN « 

a HUMPIDai a 


J\ 141, 1. 

P. 164, 367 (translation in P. Af. [4] 49, 
A . Ch. 10, 395. [161 and 276), 

C. R. 86, 786. 

P. 163,71 (translation in P. M. [5] 1, 109). 
P. 133, 293. 

A. 169. 388. 

B. 15, 2519. 

£. P. C. 1, 27. 

C. N, 46, 170. 

B. 16, 849. 

Pt, 09 , 1 . 
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As no other gaseons compounds of aluminium, 
except these three, have been prepared in a 
state of purity and analysed, we conclude that 
the atomic weight of this metal is not greater 
than 54'04 ; but as only three gaseous compounds 
of aluminium are known, it is not unlikely that 
the true value to be assigned to the atomic weight 
of this element is or or <feo. The 
greater the number of compounds of a given 
element which have been gasified and analysed, 
tlio greater is the probability that the value 
thence obtained for the atomic weight of the 
clement represents the true value of this con- 
stant. 

Avogadro’s generalisation— equal volumes of 
gases contain equal number of molecules— places 
in the hands of chemists an instrument whereby 
they may determine the relative weights of the 
molecules of all gaseous or gasifiable compounds 
and elements, and the maximum values to be 
assigned to the atomic weights of all elements 
which form gaseous or gasifiable compounds. 
But at present the densities of only 14 ele- 
ments have been determined in the gaseous 
state, and gaseous compounds of only 4‘2 different 
elements have been prepared and analysed. 
Hence the application of the method introduced 
by Avogadro is limited. There are two other 
methods of general applicability for determining 
the values to be assigned to the atomic weights 
of elements; let us consider tlicse methods briefly. 

In 1819 a paper was iniblished by two French 
naturalists, Dulong and Petit, on the specific 
heals of 13 solid elements, viz., copper, gold, 
iron, lead, nickel, platinum, sulphur, tin, zinc, 
bismuth, cobalt, silver, and tellurium (A. Ch, 
10, 39ri). 

The products obtained by multiplying the 
generally accepted atomic weights of the nine 
elements from copper to zinc in this list by the 
specific heats of these elements, and sub-multiples 
of the generally accepted atomic weights of the 
remaining four elements by the specific heats of 
these elements, had all nearly the same value. 
Generalising from these results, Dulong and 
Petit concluded that ' the atoms of all the sim- 
ple bodies have exactly the same capacity for 
heat.’ This generalisation has, on the whole, 
been borne out by subsequent re:‘carch. 

The table on p. 312 contains most of the 
well-established data regarding the specific heals 
of solid elements in so far as direct determina- 
tions are concerned. 

The values to bo assigned to the specific 
heats of beryllium, boron, carbon, and silicon, 
have been the subject of many experiments and 
of much discussion: Nilson and Pettersson 
(B. 13, 1451 ; V. also G. N. 42, 297) made a 
series of determinations with a specimen of 
metallic beryllium containing about 6 per. cent, 
of beryllium and iron oxides. The following 
were the most important results : — 

Specific Heat of Beryllium (Nilson Al^ettersson). 
renip. interval Spec, ht. Spec. lit. x 9’1 Spec. ht. x 13‘65 
0°- 48 *3973 3 0 6*4 

0 -100 -4246 3-80 6-8 

0 -214 *475 4-26 6*4 

0 -300 *6055 4-6 6'9 

Nilson and Pettersson concluded from these 
onmbera that the atomic weight of beryllium is ' 


18‘85 ; but L. Meyer (B. 18, 1780) showed that 
the true values for the speo. heat of this metal 
at various temperatures, as calculated from the 
data summarised in the preceding table, are as 
follows : — 


Specific Ileat of Beryllium (Moyer). 


Temp. 

Spec. lit. 

Increiiso in 
spec. ht. 
for 1‘' 

Sp.ht.x 

9-1 

Sp. ht. : 
13-63 

20-2° 

•3973 

•OUlOl 

3-02 

5-43 

73-2 

•4481 

•00085 

4-08 

6'12 

157 

•5193 

•00003 

4*73 

7-10 

256-8 

•5819 


5-29 

8-94 


These numbers show that the specific heat 
of beryllium increases as temperature increases, 
but that the rate of this increase is considerably 
loss for the interval 167‘^ to 256^^ than for that 
of 20° to 157°. Humpidgo (Pr. 39, 1), working 
with a specimen of beryllium pre2:)ared with 
great care and containing 99'2 per cent, of the 
metal and *7 per cent, of beryllium oxide, 
obtained the following results : — 


Specific Heat of Beryllium (Humpidge). 


Temp. 

Spec, liciit 

Spec. ht. X 9*1 

100° 

•4702 

4-28 

200 

•5420 

4*93 

400 

•6172 

5-61 

500 

•6200 

6-66 


The value approximates to a constant 
between 450° and 500°. There can now be 
little doubt that the specific heat of beryllium 
is considerably larger at high than at low 
temperatures, that this value is nearly constant 
at about 500° and upwards, and that at these 
temperatures beryllium is not an exception 
to the law of Dulong and Petit. (For more 
details V. Beryllium.) 

Very varying values had been obtained for 
the specific heats of the three elements, boron, 
carbon, and silicon, before the researches of 
Weber. The following table summarisoB the 
chief results: — 

Specific Heats of Boron, Carbon, and Silicon 
(Weber’s numbers not included). 

(Tt'Uip. liLout 

Spec. heat. S]). ht. x ut. wt. Uh-ir‘rycr. Date. 


Bouon 

amorphous 

•251 

2-8 

Kp. 

1864 

OT/slulliue 

•2:10 

20 

ili». 

do. 


•252 

2*8 

M.D. 

1873 

„ 

•257 * 

2*8 


1869 

graphitic 

•235 

2-6 

do. 

do. 

Cauhon 

diamond 

•M3 

1-7 

B. W. 

1868 


•147 

1-8 

Hg. 

1841 


•3C6 Temp. 20°-1000® 

4-4 

Dewar 


gmphiU 

•174 

2-1 

Kp. 

1864 


•1H8 

2-3 

B. W. 

1868 


•198 

2-4 

Jtg. 

1866 

gu$<arhon 

•105 

2-0 

Kp. 

1864 


•180 

2-2 

B. W. 

1868 


•197 

2-4 

ftK. 

1841 


•32 Temp. i0®-1000® 

3-8 

Dewar 


SII.1COX 

fusrd 

•138 

8-e 

Kp. 

1864 

•100 

4-C 

Rff. 

1861 

crystaUine 

•106 

4*6 

Kp. 

1864 

•171 

4-8 

M.D. 

1873 


•173 

4-8 

Ilg. 

1861 


Weber, about 1872, made a careful series of 
determinations of the specific heats of these 
three elements (P. M, [4] 49, 161 and 276) ; his 
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more important results are presented in the 
following table 


Specific Heats of Boron, Carbon, and Silicon 
(Weber). 




Temp. Spec. heat. 

Sp.ht. X 
at. wt. 

Bokon crystalline^ 

-40° 

•1916 

211 


11 

+ 77° 

•2737 

301 

•1 

„ 

177° 

•3378 

3-72 

n 


233° 

•3GG3 

4*03 

Carbon dianwnd 

-50° 

•0G3.5 

0*70 

M 

II 

+ 10° 

•1128 

1-35 

f» 

w 

85° 

•17G5 

2*12 

II 

II 

260° 

•302G 

3*03 

II 

II 

60G° 

•1108 

6*29 

II 

„ 

985° 

•4589 

6*51 

II 

graphiU 

-60° 

•1138 

1*37 

II 

II 

+ 10° 

•IGOl 

1*93 

II 

ti 

Gl° 

•1990 

2*39 

II 

II 

201° 

•29CG 

3*50 

II 

II 

250° 

•325 

3*88 

II 

11 

G41° 

•1154 

5*35 

II 

11 

978° 

•107 

6*50 

Porous wood carbon 

0°-23° 

•1053 

1*95 

It 

ft 

0°-99° 

•1935 

2*07 

„ 

ff 

0°-223° 

•2385 

2*84 

Silicon crystallised 

-40° 

•130 

3*81 

II 

11 

+ 67° 

•18.33 

6*13 

II 

„ 

128° 

•190 

5*50 ■ 

II 

II 

184° 

•2011 

6*03 

II 

II 

232° 

•2029 

6*08 


These numbers show that the specific heats 
of boron, carbon, and silicon increase as tempe- 
rature increases, but tliat, in each case, the 
value of this increase for a given temperature- 
interval is considerably less at liigh than at low 
temperatures. The observed variation in the 
rate of increase of the specific heat of crys- 
tallised boron' is nearly identical with the 
observed variation in the rate of increase 
of the spcoilic licat of crystallised carbon 
for equal intervals of teinperature up to 
230-260^; if it is assumed that tliis identity 
remains at higher temperatures, then the speciiic 
heat of crystallised boron' may bo calculahid, 
from the observations made with crystallised 
carbon, at temperatures up to about lOaO'-*. The 
value thus calculated for the speciiic licat of 
boron at 1000"^ is -50. The specific heat of 
crystalline silicon attains an almost constant 
value at about 230°. (For more details v. Uoitox, 
Caubon, Silicon.) 

Looking at the determinations of the specific 
heats of solid elemdlits as a whole, it appears 
clear that the specific heat of any element varies 
with the temperature, and that the relation 
between the variation of specific heat and that 
of temperature differs for each element; and, 
moreover, that the value of the specific heat of 
an element depends to some extent on the 
physical condition of the element. J3ut there 
seems certainly to bo an interval of tempera- 
ture for which the specific heat of an element 
attains a constant, or nearly constant, value; 
this temperature-interval varies for each element, 
especially for the non-mctallic elements with 
small atomic weights ; for many elements it 
may be approximately taken as 0° to 100°(O.). 


• There Is liowever, consldernhle doubt whether th« 
iDiiterial used by Weber waa pure boron. 


For this interval of temperature only can anj 
element be said to obey the law of Dulonff and 
Petit. 

This law may now be stated in a practical 
forni thus : — The atomic heat, i.e. the prodxict of 
specific heat, at the temperature-interval for which 
sp, ht, is yiearlij constant, into atomic weight, of 
all solid elements is nearly a constant, the mean 
value of which is G’4. If this is granted it 
follows that tho atomio weight of any solid 
element is approximately equal to the quotient 

slice heat * specific heat of 

tho clement has been determined for a consider- 
able range of temperature, and, if the specific 
heat has been found to vary considerably with 
variations of tomijerature, that tho determina- 
tions have been continued until a constant, or a 
nearly constant, value has been obtained. 

Attempts have been made to determine the 
specific heats of several elements by an indirect 
method. The method is based on tlie generalisa- 
tion, is a constant (about 6*4); where A =: the 

formula- weight of a solid compound, C=3the 
Rliecific heat of the compound, and n= the 
iiumbor of elementary atoms in the formula of 
the compound. This generalisation has been 
stated in various forms ; tho earliest appears to 
bo that given by F. Neumann, in 1831: ‘The 
amounts of chemically similar compounds ex- 
pressed by their formulto possess equal specific 
heats ’ (P. 23, 1). The statement is some- 
times put thus : ‘ tho molecular lioat of a solid 
compound is equal to the sum of tlie atomio 
heats of its constituent elements; ’ by ‘ molecular 
heat ’ is here meant the product of tho specific 
heat of tlie compound into tho mass expressed 

by its formula. Tho form given above, — = a 

n 

constant, is tlio outcome of investigations made 
principally by Gamier (C. li. 35, 278; 37, 130), 
and Cannizzaro {Bl. 1803. 171). 

As an example of the application of thig 
generalisation, to find a value for the specific 
Jieat of an element in the solid form, let us take 
Kopp’s calculation of tho specific heat of solid 
chlorine {A. Siq)pl. 3, 321). Tlie data are those 
molecular heats (as defined) of metallic haloid 
salts: ltCl = 12-8, lll3r - 13-0, 111 ==13-1; IlCl,- 
18*5, 1112=10*4. In each case II represents one 
atom of a metal the atomic iieat of wliich is G*4. 
The atomic heat of solid bromine -atomic heat 
cE solid iodine = G*G (approximately). Now, as 
the mctallio chlorides, bromides, and iodides, 
examined are chemically similar, and as the 
‘molecular licats ’ of the similar salts are nearly 
the SI? me, Kopp has concluded that the atomio 
heat of solid chlorine is approximately equal to 
G’4. This ' conclusion is in keeping with the 
observed values; thus; liCl (12*8)-ll(G*4) = 

6-4; ECL(18-5)-E(0-4) = 12-l. and l|?i=6-05. 

Further data are presented by the following 
* molecular lieats ’ ; KC 103 = 24*8, KAsOj « 25*3. 
The argument here is, that as these values are 
nearly tho same, and as the difference in com- 
position between the two compounds is represented 

by the exchange of Cl for As, it follows that the 
atomic heat of solid chlorine is approximately 




e^usl to that of arsenio ; bet the atomic heat of 
arsenic, as determined by direct experiment, is 
6*1, hence the atomic heat of solid chlorine is 
approximately equal to C’l. 

This indirect method often leads, as might 
be expected, to several values for the specific (or 
atomic) heat of an clement. Thus, from determina- 
tions of the ‘molecular heats’ of various o.\ides 
and other salts containing metals the atomic heat 
of each of which has been directly determined to 
be approximately 6*4, the following values for 
the atomic heat of solid oxygen are arrived at : 


4-0 


tion of Avogadro’s law enables a maximum 
value to be found for the atomic weight of any 
element which forms one or more compounds 
gasiliablo without decomposition. The maxi- 
mum value thus found for the atomic weight 
of aluminium was 54*01 ; but as this value vras 
based on analj'ses of only three gaseous com- 
pounds, it was asserted that the true value was pos- 
sibly one-half or one-third, d'c. of this number. 
Now, the specific heat of aluminium has been de- 
termined to be *22 ; hence, assuming the law 
of Dulong and Petit, the atomic weight of 
aluminium must be appro.vimately etjual to 30 


„ 110, 3-7 

„ 11,0, 4-8 

„ KAsO, 4*2 

,, KCIO^ 3*5 (assuming at. ht. of Cl = 6) 

„ KMnO^ 3*8 

The mean of these values is 4*1. 


The indirect method of finding the atomic 
heat of an element is undoubtedly useful, but 
no greaji stress can bo laid on conclusions ar- 
rived at by this method only. It is certain that an 
erroneous conclusion regarding the value of the 
atomic weight of an element may be deduced 
from measurement of the specific heats of solid 
compounds of that element. For example, 
Donatli determined the specific heat of uranoso- 


uranic oxide to be *0798 {B. 12, 742) ; assuming 
the .specific heat of solid oxygon to be 0*25 

the specific heat of uranium was calcu- 
lated to be *0497 ; now *0497 x 120 = 5*90, there- 


fore, as analyses of compounds had proved that 
the atomic weight of uranium is ?il20, it was 


concluded by Donath that the atomic weight of 
uranium is 120. But pure metallic uranium 
was prepared shortly afterwards, and the specific 
heat of this metal was directly determined to be 
•028 ; now *028 x 120 = 3*3, but *028 x 240 = 0*0; 
hence the atomic weiglit of uranium is much 


more probably 240 than 120. The larger value 
(240) has been confirmed by the preparation 
and analyses of two gaseous compounds of 
uranium (u. regarding this subject, Kopp, B. 
19, 813). 


The following statements fairly summarise 
the results of the determinations of the atomic 


heats of the elements : 


I. Solid elements, 45 in number, the specific 
heats of which have been direx^tlij determined, 
and the atomic heats of which are all approxi- 
mately equal to 6*4 : Li, Na, Mg, Al, P, y, K, 
Ca, Ti, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Zr, 
Mo, Hu, Kh, Pd, Ag, Cd, In, Sn, Sb, Te, I, La, Ce, 
Bi, W, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, U...(Cr). 

II. Solid elements' 6 in number, the specific 
heats of which have been directly determined', and 
vary considerably with temperature, and the atomic 
heats of which appear to be approximately equal 
to 6*5: Ga (? inaccurately determined), Be, B, 
0, Si, Ge. 

III. Solid elements, 6 in number^thc specific 
heats of which have been indirectly determined 
and tlie atomic heats of which are probably 
approximately equal to 0*4 : V, Rb, Sr, Cs, Ba. 

IV. Gaseous elements ; specific heats in solid 
fortn very doubtful, and apparently variable : 

^)> N, 0, Cl. 

It has been already shown that the applioa- 


1 (30 X *22 = 6*6) ; therefore the value ^ = 27*01 

I is assigned to the atomic weight of this metal. 
I The maximum values assigned to the atomic 
weights of iron (111*8), copper (120*8), and 
gallium (138), by the application of Avogadro’s 
law have, in each case, been lialved when 
determinations have been made of the specific 
heats of these metals. 

Various observations on the connexions 
between the chemical compo.sition and the 
crystalline form of solid comiiouiids had been 
made previous to the year 1819, in which year 
the ‘law of isomorphism ’ was i)ropounde(i by 
E. Mitschorlich ; this law was subsequently 
modified and extended, and in 1821 Mitscherlich 
stated it as follows : ‘ Equal numbers of atoms 
similarly combined exhibit the same crystalline 
form ; identity of crystalline form is indepen- 
dent of the chemical nature of the atoms, and 
is conditioned only by the number and con- 
figuration of the atoms.’ Further research has 
shown that Mitscherlich’s statement was too 
absolute. On the one hand, many solid com- 
pounds are known, the atomic compositions of 
which arc very similar, and which, ncvertliuless, 
crystallise not only in dilTcicnt forms, but in 
different systems, thus : 

PbCr 04 is monoclinic, but PbMoO^ is (luadralic ; 
AgCl and AgBr arc regular, but Agl is hexagonal; 
KNOj is rhombic, but CsNOa and llbNOj are 
hexagonal. 

On the other hand, many solid compounds 
cry8talli.se in identical or very similar forms, 
and neverthelc.s8 exhibit unlike atomic compo- 
sitions; thus the crystalline form of the following 
salts is the same: K.Til’', 14^0, CuTiF„4Hj,0, 
K^NbOF,H,0, CuNbOF, 1 1 1,0, K, WO^F^H^O, 
CuW0^F44i{.,0. Many ammonium salts crys- 
tallise in the same forms as the corresponding 
salts of potassium, but tli^uumber of atoms in 
one formula-weight of these salts is different. 
It is indeed somewhat dilliciili to give an exact 
meaning to the expression ‘isoinorphuus crys- 
tals ; ’ by this phrase some naturalists mean 
crystals any one of which is capable of growing 
in unmodified form when iminer.sed in a solution 
of any other (Kopp, Ti. 12, 900 et scq.) ; others 
include crystals belonging to the same system 
but exhibiting very Binall differences in the 
measurements of their angles, c.g. llie rhombo- 
hedral carbonates of magnesium, calcium, iron, 
zinc, and manganese ; others even include 
crystals which very closely resemble each other 
but yet belong to different systems. The fact 
that the same compound may crystallise in two, 
or even three, distinct forms, further compli- 
oates the connexion between isomorphism and 
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chemical composition; thus, arsenious oxide, 
As.O«, and antimonious oxide, Sb^O„ both crys- 
tallise in regular octahedra and also in rhombic 
forms; titanium dioxide, TiO^, crystallises in 
two forms belonging to the quadratic system, 
but exhibiting very different relations of crys- 
talline axes, and also in a third form, viz. 
rhombic prisms. 

The constituents of isomorphoiis compounds 
arc sometimes themselves isomorphous ; e.g. the 
double compounds BAg.S.Sb^Sa and 3Ag,,S.AsaSj 
crystallise in identical forms, and the sulphides 
Sb^Sj and As^Sj also crystallise in identical 
forms. On the other hand, the constituents of 
isomorphous compounds arc sometimes not 
isomorphous ; e.g. the sulphates of magnesium, 
nickel, and zinc, crystallise in rhombic forms, 
but the oxides of magnesium and nickel crystallise 
in regular, and oxide of zinc, in hexagonal, 
forms. Isomorphism is sometimes not shown 
in comparatively simple analogous compounds of 
two elements, while the more complicated ana- 
logous compounds of the same elements crys- 
tallise in identical or very similar forms; e.g. 
many of the simpler compounds of cadmium aro 
not isomorphous with the analogous compounds 
of the magnesian metals (Mg, Ca, Mn, Fc, Co, 
Ni, Zn, Cii), but the comparatively complex 
salts of cadmium, such as CdS0,.K.jS0j.6H«0, 
are usually isomorphous with the analogous 
salts of the metals named. Hence it is neces- 
sary to distinguish strict isomorphism as applied 
to bodies which exhibit the same or nearly the 
same crystalline form, from the isomorphism of 
bodies which, although themselves crystallising 
in different forms, nevertheless combine with 
one and the same third body to produce com- 
pounds into which they outer as corresponding 
elements or groups, and which crystallise in the 
same forms (y. Kopp, LeUrhuch dcr Physikal. 
Chemivt 2, 141). The crystalline forms of 
several elements have boon determined, but the 
Btatemont that such or such elements form an iso- 
morphous group usually means only that ana- 
logous compounds of these elements aro for the 
nio.st part isomorphous (y. IsoaronpuisM). 

Notwithstanding the many (jiialifying clauses 
with which any general statomeut of the con- 
nexion between crystalline form and chemical 
composition must, at present, be guarded, it has 
frequently been found possible to use the 
knowledge we have of the connexion in question 
as a guide in researches concerning the atomic 
weights of clcment3.*'In these cases it is assumed 
that, ns a general rule, those masses of two 
bodies which can mutually replace each other 
in compounds without change of the crystalline 
form of the compounds, or in other words those 
masses which aro crystnllographically equivalent, 
have similar atomic compositions, liy compounds 
of similar atomic composition is hero meant 
compounds which aro very analogous in their 
chemical relations, and the formuho of which 
contain equal numbers of atoms, or groups of 
atoms which react through series of changes as 
if each were a single atom. 

Now, if the atomic weight of a specified 
element is known, and if experiment shows 
that the mass of this element expressed by its 
atomic weight is crystallographically equivalent 
10 X unit masses of another clement, it follows 


that the value of x is very probably the value 
of the atomic weight of the second element. 
Thus, the facts that gallium sulphate formed 
a double compound with ammonium sulphate, 
and that this double sulphate was isomorphous 
with the alums, indicated that the double sul- 
phate in question was a true alum ; hence the 
general formula which expresses the composi- 
tion of alums expresses the composition of the 
double sulphate of gallium and ammonium. The 
formula in question is X.;4S04.M.S04.24H^0, 
whore M= an alkali metal or thallium; but in 
common alum = AU = 2 x 27*02 parts by weight 
of aluminium; and in gallium alum X^ was 
experimentally determined to be 138 parts by 
weight of gallium. Hence, as two atoms of 
aluminium were replaced by 138 unit masses of 
gallium without change of crystalline form, and 
as the aluminium and gallium compounds were 
very similar in their chemical relations, the 
conclusion was drawn that 138 represents the 
relative weight of two atoms of gallium ; there- 
fore the value ^ji"- = G9 was deduced for the 
atomic weight of gallium. This number was 
afterwards confirmed by analyses of gaseous 
gallium chloride, and by determinations of the 
specific heat of the metal. It was at one time 
supposed by II. Hose (P. 108, 273) that a 
metal existed closely allied to, but not the same 
as, niobium ; but Marignao {A. Ch. CO, 257) found 
that compounds obtained from this hypothetical 
metal were isomorphous with the corresponding 
compounds of tin and titanium, and that the 
groups of atoms SnF and TiF could be replaced 
by an atom of Hose’s ‘ hyponiobiurn ’ without 
change of crystalline form. Hence Marignao 
suggested that ‘ hyponiobiurn ’ was a compound ; 
and, because of various reactions, that it was 
a compound of niobium and oxygen in the pro- 
portion expressed by the formula NbO, where Nb 
has the value 94. If this were admitted it 
followed that the groups NbO, SnF, and TiF, 
were crystallographically equivalent in various 
compounds; but if so, it also followed, from 
analyses of the various compounds, that one 
atom of tin ( = 117*8 parts by weight), and one 
atom of titanium ( = 48 parts by weight), were 
replaced by 94 parts by weight of niobium in 
isomorphous compounds; therefore the atomic 
weight of niobium was 94. This value was con- 
firmed by determinations of the relative densities, 
and by analyses, of the gaseous chloride and 
oxychloride of niobium. In this case the com- 
parison of the crystalline forms of compounds 
led at once to a determination of the atomic 
weight of an element, to a proof of the non- 
existence of a hypothetical metal, and to the 
recognition that a body supposed to be an element 
was really a compound. An analogous case is 
furnished loy Hoscoe’s researches on vanadium; 
in this case also the study of isomorphism led to 
the correct determination of the atomic weight 
of vanadium, and to the discovery that the body 
supposed lo be vanadium was in reality a 
compound of this metal with oxygen (T. 1868, 
1 et seg.). 

No practical definition of the atomic weight 
of an element can be given in terms of the data 
of isomorphism. The foregoing examples serve 
to show how these data are applied to supple- 
ment those gained by the analyses of gaseous 
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oompounds, and by determinations of the speoifio 
beats, of the elements. 

If the atomic weight of calcium is known, 
fhen the isomorphism of the carbonates of Mg, 
Sr, Ba, Pb, Mn, Zn, and Fe, witli the carbonate 
of calcium, helps to fix values for the atomic 
weights of those 7 elements ; the isomorphism 
of the sulphates of Co, Ni, and Cii, with sul- 
phate of iron gives data from which values may 
be deduced for the atomic weights of Co, Ni, and 
Cu ; values are found for the atomic weights of 
T1 and Hg from considering compounds of those 
elements isomorphous with corresponding com- 
pounds of Pb ; similarly, Zn and Cd — Fc, Al, and 
Cr— form many isomorphous compounds; many 
manganates are isormorphous with sclenates 
and chromates, some chromates are isomorphous 
with molybdates and tungstates, permanganates 
are frequently isomorphous with perchlorates 
and periodates, hence values are found for the 
atomic weights of Sc, Cr, Cl, and I, and also for 
Mo, and W ; from copper wo pass to silver 
through the isomorphism of Cu.^S and Ag.S ; 
silver leads on to sodium and the alkali metals 
on the one hand and to gold on the other hand ; 
the compounds ItS... and RAs.^ are isomorphous, 
hence conclusions can be drawn regarding the 
atomic weight of As, and from this the passage 
is easy to conclusions regarding the atomic 
weights of P, V, Sb, and Ri ; iron is connected 
with Ti, and this with Si, Zr, Sn, and Th ; lastly, 
given the atomic weight of Pt, Ir, Pd, Ro, Ru, 
or Os, values can be assigned to the other metals 
of this group from a study of the composition 
of isomorphous compounds of these metals. 
Thus it is seen how helpful is the study of iso- 
morphism in determijiing the atomic weights of 
the elements. 

Tlicse then are the three generally applica- 
ble methods whereby values may be found for 
the atomic weights of the elements : the method 
founded on the law of Avogadro; the method 
based on the study of the specific heats of solid 
elements ; and tlie method which considers the 
relations between the chemical composition and 
the crystalline form of similar compounds. 
The first of these methods can he applied to 
determine the atomic and molecular weights of 
elements and the molecular weights of com- 
pounds, but the application is restricted to 
bodies which are gasifiablo without decomposi,- 
tion ; the second and third methods can be 
applied, strictly speaking, only to find values 
for the atomic weights of solid elements or of 
elements which form solid coni])ounds. 

All the methods arc essential ly physical ; they 
are based on physical conceptions, and they are to 
a great extent developed by physical reasoning. 

The conception of the molecule of a gaseous 
element or compound which is imphed in the 
statement, ‘ equal volumes of gases contain equal 
numbers of molecules,’ is w'holly physical. The 
imago of the molecule which this statement calls 
up in the mind is that of a small (lefinitc por- 
tion of matter ‘ which moves about as a whole 
•0 that its parts, if it has any, do not part 
company during the motion of agitation of the 
gas ’ (Clerk Maxwell). It is when this con- 
ception is applied to chemical changes that we 
are forced to admit that in many of these 
ebanges the parts of molecules do part company; 


thus we are led to the chemical conception of 
the atom, as a portion of matter smaller than 
the molecule, and either itself without parts, or 
else composed of parts which, so far as we 
know at present, do not part company during 
any of the changes wliicli the atom undergoes. 
Then we proceed to study the properties of 
these atoms ; and among these properties we 
.seem to find two of great importance ; the pro- 
perty namely which is expressed in the state- 
ment that the atoms of all solid elements, at 
certain temperatures, have ctjual capacities for 
heat ; and the property whieh may bo expressed 
in the statement that identity of crystalline 
form among compounds is usually accompanied 
by equality in the number of atoms of which the 
chemically reacting masses of these compounds 
are composed. 

But hero we ask : Are the molecules of iso- 
morplious compounds built up of equal numbers 
of atoms? Can the physical conception of 
molecule, which has been gained by the study 
of gaseous phenomena, bd applied to solid com- 
pounds ? And the answer at i)resent is : it is 
those small masses of isomorphous compounds 
which take part in chemical reactions, which as 
a rule, are com]>oscd of equal numbers of atoms. 
The physical definition of moleeulo cannot, in 
the jJresont state of knowledge, bo safely applied 
to solid and liquid bodies. Thus we seem to 
arrive at two conceptions, and two definitions, 
of tlie molecule. On the one side we have the 
physical conception, as that of a small mass of 
a gaseous element or compound which moves 
about as a whole, and the parts of which do not 
part company during the motion of agitation of 
the gas ; and on the other side we have the 
chemical conception, as that of the smallest mass 
of all element or compound which takes part in 
a chemical change, and which exhibits the pro- 
perties of the specified element or conii)ound. 

The first of these definitions holds good 
whether the small )).artlcles of a gas are them- 
selves composed of smaller particles, or are 
cliemically indivisible. The volume occupied by 
a number of gaseous molecules is independent 
of the numbers of atoms which by their union 
form these molecules : in one case a gaseous 
molecule may consist of a single atom (llg and 
Cd), in another case a gaseous molecule may bo 
formed by the union of 2 atoms (ilCl), 51 atoms 
(H^O), 9 atoms (C.^H^O), 11 atoms (C.,H,^0.^), or 
a much larger number of atoms ; but in every 
case, equal volumes of tluvgases contain equal 
numbers of molecules. But we know of no 
single property of liquid and solid coini)ounds 
whicli is similarly independent of the number 
of atoms forming the atomic complex or react- 
ing chemical unit of the compound. 

Let us consider tiie conception of the chemi- 
cally reacting unit or collocation of atoms a 
little more closely. We have already seen that 
the application of the empirical laws of chemical 
combination could not lead to final determina- 
tions of the atomic weights of elements, because 
these laws could not enable chemists to deter- 
mine which of several values should bo given to 
the smallest mass of a compound capable of ex- 
hibiting the properties of that comi)ound. The 
value 8, 10, 21, tfec. would be assigned to the 
atomic weight of oxygen, according as the 





of water— ib*t ii, in Daltonian language, 
the emallest mass of water which e^ibits the 
properties whereby water is distinguished from 
all other kinds of matter— was assumed to bo 
9, 18, 27, Ac. times heavier than the atom of 
hydrogen. But a study of the properties of 
water leads to the conclusion that the * atom ’ of 
water very probably contains two atoms of hy- 
drogen and one of oxygen, and that the atomic 
weight of oxygon is therefore more probably re- 
presented by the number 16 than by the number 
8. Thus, if 9 grams of water react with 
chlorine or bromine in sunlight 8 grams of 
oxygen are evolved, and 36*5 grams of a com- 
pound of hydrogen with chlorine, or 81 grama of 
a compound of hydrogen with bromine, are pro- 
duced ; in the former case, the 36*6 grams of the 
chlorine compound are proved by analysis to be 
composed of 35*5 grams of chlorine and 1 gram 
of hydrogen ; in the latter case, the 81 grams of 
the bromine compound are proved to be com- 
osed of 80 grams of bromine and 1 gram of 
ydrogen ; in both cases the whole of the oxygen 
of the 9 grams of water is removed from com- 
bination with the hydrogen and makes its ap- 
pearance as free oxygen. Again, if 9 grams of 
water are acted on by potassium, *5 grams of 
hydrogen are evolved, and 28 grams of a com- 
pound of potassium, hydrogen, and oxygen, con- 
taining 8 grams of oxygen— i.e. all the oxygen 
originally combined with hydrogen in the 9 
grams of water— are at the same time produced ; 
if these 28 grams of the new compound are dried, 
fused, and, while molten, are acted on by potas- 
sium, *5 grams of liydrogen are evolved, and 47 
grams of a now compound of potassium and oxy- 
gen are produced, which 47 grams contain the 
whole of the oxygen (i.e. 8 grams) originally 
combined with hydrogen in the 9 grams of 
water. These experiments prove that the hydro- 
gen in a specified mass of water can be removed 
from that mass of water in two equal portions, 
but, so far as those experiments go, that the 
oxygen in the same mass of water is either not 
removed at all, or is wholly removed, from com- 
bination with hydrogen. Hence the conclusion 
is drawn that the smallest reacting mass of 
water contains one chemically indivisible mass 
of oxygen, but two chemically indivisible masses 
of hydrogen. But masses of hydrogen and oxy- 
gen are combined in water in the ratio 1:8; 
hence, if the smallest reacting mass of water is 
composed of 2 smallest parts, i.e. atoms of hydro- 
gen, and one sinalle^ part, i.e. atom, of oxygen, 
it follows that the atomic weight of oxygen is at 
least 16, that of hydrogen being unity, and that 
the relative mass of the smallest reacting portion, 
that is the rcactbig weight, of water is repro- 
Bented by the number 18, not by the number 9. 

What value is to be assigned to the reacting 
weight of marsh gas? Classes of carbon and 
hydrogen combine to form marsh gas in the 
ratio 3:1 ; hence the value we are seeking can- 
not be less, but may be greater, than 4. If 4 
grams of marsh gas are acted on by chlorine, a 
series of 4 compounds is produced ; the first of 
these compoimds contains chlorine and hydrogen 
combined with carbon, the masses of carbon and 
hydrogen being in the ratio 3: *76 ; the second 
and third contain the same three elements, in 
the second the carbon and hydrogen are in the 


ratio 8: *5, and in the third in the ratio 8: *26 ; 
the fourth is a compound of the whole of the 
carbon originally combined with hydrogen in 
the 4 grams of marsh gas with chlorine, and con- 
tains no hydrogen. If now 4 grams of marsh 
gas are burnt in a plentiful supply of oxygen 
11 grams of carbon dioxide are produced, or if 
the same mass of marsh gas is burnt in a limited 
supply of oxygen 7 grams of carbon monoxide 
are produced ; in each case the oxide of carbon 
formed contains the whole of the carbon origi- 
nally combined with hydrogen in the 4 grama of 
marsh gas used. No compound has yet been 
obtained from 4 grams of marsh gas containing 
a smaller mass of carbon than was originally 
present in the marsh gas, i.e. containing less 
than 3 grams of carbon. The conclusion drawn 
from these experiments is that the smallest mass 
of marsh gas which can tako part in chemical 
changes is itself most probably composed of at 
least 4 atoms of hydrogen combined with at 
least one atom of carbon ; but if this is granted 
it follows that an atom of carbon is 12 times 
heavier than an atom of hydrogen, and that the 
reacting weight of marsh gas is represented by 
a number certainly not smaller than 16. 

Wo have thus determined, on chemical 
grounds and by chemical reasoning, the follow- 
ing values for the atomic weights of two ele- 
ments: (H = l) C = 12, 0 = 16. Now let us 
consider a compound of these elements. The 
simplest formula that can be given to acetic acid 
consistently with the values n = l, C = 12, 
0 = 16, is CH.p. If this acid is neutralised by 
soda, and the sodium salt so formed is analysed, 
this salt is found to be composed of the same 
masses of carbon and oxygen, combined with J 
the mass of liydrogen, wliich were present in 
the mass of acid used ; hence the smallest re- 
acting mass of acetic acid must contain at least 
4 atoms of hydrogen. But if this is granted 
it follows, from the fact that the elements are 
combined in the ratio C;21I:0, that this smallest 
reacting mass must also contain at least 2 atoms 
of carbon and 2 atoms of oxygen, and that the 
formula expressing the composition of the re- 
acting weight of the acid in question must be 
written Further evidence in support 

of this conclusion is afforded by the preparation 
of thio-acetic acid, which is composed of carbon, 
hydrogen, oxygon, and sulphur, the carbon and 
hydrogen being present in the same ratio as in 
acetic acid, but the oxygen being present in the 
ratio of 16 to 4 hydrogen {i.e. 0:411), and the 
sulphur in the ratio .32 to 4 hydrogen. Now the 
atomic weight of sulphur is almost certainly 32; 
hence the simplest formula which expresses the 
composition of the rcacHng weight of thio- 
acetift acid is CgH^OS. In this case, ^ of the 
oxygen of iho reacting weight of acetic acid is 
replaced by sulphur without any further change 
in the composition of the acid ; hence, there must 
be at least 2 atoms of oxygen in the reacting 
weight in question, because atoms are (by defi- 
nition) chemically indivisible. 

This is an example of the general proposition 

that when ~ of a constituent element of the 
n 

reacting weight of a given compound can be re- 
placed by another element without any other 
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thtoge In tbo oomposition of the origtnAl sab* 
itanee, it follows that the reaoting weight in 
question must contain at least n atoms of the 
element which has been removed ; and that if 
the atomic weight of the replacing element is 
known, it is easy to calculate, from the com- 
position of the original substance, the masses of 
the other constituents which must bo present 
united with the n atoms of the specified element, 
and hence to assign a minimum valuo to the 
reacting weight of the original substance. 

When a formula has been assigned to a 
compound by such chemical methods as Ihose 
now sketched, it is frequently possible to argue 
from this to the formul® of similar compounds. 
Thus, the properties and the methods of forma- 
tion of sulphide of hydrogen show that this com- 
pound is similar to oxide of hydrogen (water) ; 
but if the reacting weight of water is repre- 
sented by the formula IJ.^0, that of sulphuretted 
hydrogen is probably represented by the formula 
again, the marked analogies between the 
sulphide, selenide, and telluriilo, of hydrogen 
suggest that these compounds have similar 
compositions ; but if the first named is H.8, the 
others are probably H.^Se, and ILTe, respt.'C- 
tively. If these fonnubo are admitted, values 
are at once found for the atomic weights of tho 
three elements, sulphur, aelenion, and tellurium. 
Again, tho metal magnesium reacts with water 
in the ratio of 24 parts by weight of the metal 
to 18 parts by weight of water, tho products of 
this action being, (1) an oxide of magnesium 
containing Ifi parts by weight of oxygen united 
with 24 parts by weight of magnesium, and (2) 
two parts by weight of hydrogen ; hence, as 
the reacting weight of water is represented by 
the formula HoO, that of magnesium oxide is 
probably represented by tho formula MgO, where 
Mg = 2 1 parts by weiglit of magnesium ; and hence 
the atomic weight of magnesium is probably 24. 

The chemical methods for determining tho 
atomic weights of elements then lead to a deft- 
nition of atomic weight which may bo stated 
thus : the atomic weiglit of an element is a 
number which tells how many times greater is 
tho smallest mass of that element found in tho 
chemically reacting weight of any of its com- 
pounds than tho smallest mass of hydrogen 
found in the chemically reacting weight of any 
compound of hydrogen, such smallest mass of 
hydrogen being taken as unity. The dillicnlty 
in applying this definition lies in tho vagueness 
of the expres.sion ‘thecliemically reacting weight 
of a comiiound.’ This exiiression cannot ho de- 
fined *, tho illustrations already given indicate 
tho interpretation usually put upon it, and also 
tho methods whereby approximately accurate 
values are obtained for it in special cases. • 

The physical conception of mob culo is clear, 
and admits of being put into words N^iich have 
a definite quantitative meaning; this conception 
leads to that of tho atom, the definition of 
which may also be put into a quantitative form. 
But tho definition of tho molecule is strictly 
applicable only to gases ; hence arises tho need 
of a subsidiary definition. We conceive chemical 
changes occurring among liquid and solid bodies 
as occurring among tlie smallest particles of 
these bodies which are capable of existing as 
wholes and of exhibiting the properties of the 


bodies in qnestioDt These smallest j^riioles we 
may call the ohemioally reacting units, or the 
reacting weights, of the bodies ; they are gene- 
rally called molecules ; but if we use this term 
wo must not forget that it is employed in a 
somewhat vague manner, and without the strict 
quantitative signification which is attached to it 
vrhen we speak of tho molecule of a gas. 

It seems probable that the mass of tho 
chemically reacting unit of a compound varies, 
within certain not very wide limits, in different 
reactions. This mass must of course always be ex- 
pressed by a whole multiple of a certain number ; 
but it is probable that tho value of tho multiple 
varies. Thus many of the reactions of potassium 
permanganate can be simply expressed by 
assigning to the reacting weight of this salt the 
formula KMnO,; but other reactions indicate 
that this formula should bo doubled and written 
KjMn/V Again, periodic acid generally reacts 
as if the smallest particle wliich exhibits the 
cliemical properties of tliis acid had tho mass 
228, and were composed of hydrogen, iodine, 
and oxygen, combined as shown in the formula 
Il.IO,,; but some of tlio reactions of periodic 
acid are inoro simply explained by doubling the 
! formula, and writing it l[,„LO,.» Indeed, even 
I in tho case of gaseous elements and compounds, 
we have sometimes direct evidence tc show that 
■ tho molecular weight of tho gas varies with 
variations of temperature. Consider, for in- 
stanoo, tho following data ; — 

Spec. ouav. of Iopink oas (Air.-l), 


rrossuro 

Temperature 

Bp. Kr. 

700 mm. 

448° 

8-74 


855 

8*07 


rm5 

6*82 


2 1470 

6-OG 

70 mm. 

1 Li250 

4-72 

Spec, gray 

. OF Sulphur gas 

(Air-1). 

Prr'ssiiro 

Temperature 

B)i. frr. 

700 mm. 

520° 

0-03 


000 

203 


800 

2'23 


(cf. Sunrium, vol. iv.) 


Spec. gray. 

OF Acetic acid gar 

(Aiv-a). 

ProtJ'^ure 

Temperature 

Kp. ^'r. 

700 mm. 

121° 

3-20 


130 

31 1 

It 

IGO 

2-48 


230 

200 


280* 

2 08 

338 

208 


Spec, r.iiw. of Nitruokn tetkoxiue gas (Air»l)« 


ITf:. 

!-iirfj 

Tciiip^raturo 

Sp. p:r. 

125 ] 

inm. 

~0° 

301 

138 


+ 1 

2-84 

700 


70 

1-93 



135 

1*60 


r, 

185 

1'67 


The density of iodine gas would be 8-77 H 
; the composition of tho molecule were repre- 
' sented by I., and 4 38 if the composition of the 
; molecule were represented by I: the number! 
. given i)oint to the existence of moleculei 
j having the composition I^ at comparatively low 



860 ATOMIC AND 


lemperatoxes, and having the compoBition 1 at 
high temperaturoB when the gas is under a 
small pressure. The numbers given for sulphur 
gas suggest the existence of molecules at tem- 
peratures from b.p. to c. 550°, and of molecules 
Sj from c. 660° to c. 1000° ; but more recent re- 
sults throw considerable doubt on the accuracy 
of this conclusion {cf. SrLniun, vol. iv.) In 
the case of acetic acid gas, experiments indicate 
tho existence of two different molecules; the 
data point to tho existence of tho molecules 
C;,H,Oa (calculated sp. gr. = 2-08, air=l) at 
about 2.‘10° and upwards, but to the existence of 
heavier molecules, (calculated sp.gr.* 

3*12, air = 1), at about 120°-130°. Lastly, the 
existence of tho molecules N ^04 (calculated 
Bp. gr. = 3'18) in gaseous nitrogen tetroxido at 
low temperatures and pressures, and of tho 
molecules NOj (calculated sp. gr.*l*59) at 
higher temperatures, is indicated by the numbers 
which represent tho observed relative densities 
of this gas. Tho sp. gravs. of some gases slowly 
decrease as temperature rises until a value is 
attained which remains constant throughout a 
considerable interval, e.g. iodine, acetic acid, 
nitrogen tetroxidc, gases ; in other cases tho sp. 
gr. remains nearly constant throughout a con- 
siderable range of teTni)erature, and then rapidly 
decreases until another constant value is reached, 
which again remains constant for a considerable 
temperature-interval, e.g. sulphur gas (u. Dis- | 
BooiATioN, also Allotropy, and Isomkrism). But 
in both classes of gases tho data point to tho 
existence, at dilTercnt temperatures, of more or 
less stable molecules, tho mass of the heavier 
of which is a wliole multiple of that of the 
lighter. 

The practical conclusions to be drawn from 
these facts are, that befovo tho molecular woiglit 
of a gas can bo regarded as satisfactorily deter- 
mined, observations of the sp. gr. of that gas must 
bo made throughout a considerable range of 
temperature ; and that tho number which, 
represents tho sp. gr. in question for such n 
range of tempernturo is to bo taken as the basis 
for calculating tho molecular weight of the gas, 
or it may bo in some cases the numbers which 
represent tho sp. gravs., each for a considerable 
temperature-interval, are to be used for finding 
the dilTorent molecular weights of the gns. 

If then tho luass of the molecule of a gas 
may have a different value, and therefore the 
molecule bo composed of a different number of 
atoms, at a high than at a low temperature — 
and so far as data |*ocs it seems that tho mass 
of the molecule, if variable, is greater at tempe- 
ratures near tho condensation point than at 
temperatures far removed from this point— -it is 
at least very probable that, if w’e carry over tho 
conception of the molecule from gases to liquids 
and solids, wo must be prepared to regard the 
mass of tho molecule of a liquid or solid com- 
pound as considerably gr(?ater than that of tho 
molecule of tho same compound in the gaseous 
state. But, in practice, when we speak of tho 
molecular w’eight of a liquid or solid compound 
we use the term molecular weight with a mean- 
ing different from that which w'o assign to it 
when we speak of the molecular weight of a gas. 
In the latter case the term signifies a small ' 
mass of matter, itself built up of smaller parts, ' 


which oollidcB with other similar small masses, 
rebounds, vibrates, bat yet remains intact, 
when a number of these small parts of matter 
are heated ; in the former case tho term sum- 
marises a number of chemical data in a con- 
venient form, and asserts that the number of 
atoms which are so associated as to act in 
many changes as a chemical whole, is not less 
than a certain specified number. 

The chemical formula) of solid and liquid 
bodies do not then stand on tho same footing 
as the formulBB of gases {v. Formul.e). But tha 
question arises : are these collocations of atoms 
which we have called reacting chemical units 
also the reacting physical units of this or that 
compound? Are the physical constants of com- 
pounds conditioned by the masses of these re- 
acting units? If these questions are answered in 
the affirmative, it is possible that measurements 
of some physical constant for a series of chemi- 
cally similar compounds might enable just con- 
clusions to bo drawn regarding the relative masses 
of the reacting units of these compounds. Many 
j measurements of this kind have boon made; 

I but no wide generalisation has yet been found 
which enables us to determine tho relative 
masses of tho reacting units of solid and liquid 
compounds from a knowledge of the physical 
constants of these compounds. All tlie general- 
isations which have been, or wliich at present 
can be, ventured upon, are for tlie most part 
empirical : tho theory of the grained structure 
of matter has been developed, so far as it has 
been developed, only for gases ; as regards gases, 
conclusions can be drawn from tho fundamental 
principles of the theory, and these conclusions 
can be tested by experiment; but as regards 
liquids and solids, no such general conclusions 
can be drawn, and the theory can be used as a 
guide in experimental research only in a wide 
and general manner. What is wanted now is 
therefore not only further experimental deter- 
minations of tho physical constants of series of 
chemically similar compounds, but a great 
development of tho general theory of the struc- 
ture of matter, especially in tho direction of 
applying this theory to liquid and solid bodies 
(u. Molecular THEORiKS, also I’iiysical methods). 
The great difficulty lies in tho fact that most 
of tho physical constants of liquid and solid 
compounds appear to be conditioned both by 
•the nature and number, on the one hand, and 
by tho modes of combination, on the other 
hand, of the atoms which form the atomic 
complexes we have ')alled reacting chemical 
units. But tho kinetic theory of gases has been 
chiefly developed from the study of properties 
which arc independent of the nature and num- 
ber, and are conditioned only by tho states of 
union, of the parts of molecules. 

But although we must for a time bo content 
with the conception of the chemically reacting 
unit of a liquid or solid compound, and although 
we may |it times wistfully contrast this with 
the clear physical conception of the molecule of 
a gas, yet there is one well-established chemical 
generalisation by the application of which valnes 
may be obtained for the atomic weights of many 
elements. This generalisation may be stated 
Urns The j)roperties of Die elements vary 
periodically with variations in the atomic 





wights of the eletnerUs; or thus :— 1]( 
slements are arranged in order of increasing 
atomic w eights t the properties of the elements 
va/ry from element to elemenU hut return more 
or less nearly to the satne values at certain 
fixed points in the series. Let the elements bo 
arranged in the order of their atomic wei^dits, 
from hydrogen to uranium ; lot them be divided, 
broadly, into series of sevens ; let the second 
series be placed under the first, the third under 
the second, and so on ; then tli<3 elements con- 
tained in any one vertical column are called a 
group, and those in any one horizontal column 
are called a series. In this arrangement hydro- 
gen is placed in a scries by itself, and under it, 
that is in the same group, is placed the element 
(lithium) which conies next after hydrogen in 
order of increasing atomic weight ; certain gaps 
are also supposed to occur in the list of elements, 
so that an clement which immediately succeeds 
another in order of increasing atomic weights is 
sometimes placed, not in the group immediately 
succeeding, hut in the group next but one or next 
but two i&c. after, that which contains the element 
with the smaller atomic weight. Thus uranium 
(2 10) comes after thorium (222) in order of atomic 
weights; thorium is placed in group IV.; hut 
uranium is placed in group VI. Certain elements 
arc also plac(!d in an eighth group by themselves ; 
and tlie last member of each series in this group 
is repeated as the first member of the next 
series in group I. 

The following table shows the arrangement 
of the elements in accordance with the periodic 
law. The formula at the liead of each group 
represents the composition, cither of the highest, 
or of the most characteristic, oxide of the ele- 
ments belonging to that group ; in each case 
the formula gives the number of atoms of o.xygcn 
referred to two atoms of the oleineiit. 


IMtrts, and to examine the nature of the con- 
nexion between the atomio weights, and such 
measurcable properties, of the elements, as 
atomio volume 


( . ... atomio weight 

Iho quotient 


position in electrical scries, fusibility, composi- 
tion of oxides, chloridos,M'c., wave lengths of 
characteristic lines in the specti a, heats of com- 
bustion or of combination with chlorine, d;o. 
&c. Tlie expression ‘ pro[)erties of the elements * 
is also to be taken as including the properties of 
the compounds of tho elements ; so that the 
periodic law asserts that c.g. the nndting-pbints 
of similar compounds (say of chlorides) vary 
periodically with variations in the atomio 
weights of the elements. 

The periodic law will bo discussed in detail 
in tho article with that heading ; meanwhile 
sullico it to say that tho law rests on a firm 
basis of well-established facts of diverse kinds. 
Wo shell hero make use of this law to establish 
values for tho atomic weights of one or two 
typical (dements. 

At tin? time of the iniblication of Meudelc^elT’a 
first mennjir on iho periodic law Jio elements 
were known which could bo placed in group III. 
scries I and 5. Calcium (10) and litaMium (IM) 
were known; zinc (On) and arsenic (75) were 
known : calcium and zinc evidently belong to 
tho group which compri.sps magnesium, stron- 
tium, cadmium, and barium ; titanium must bo 
placed in the same group as carbon, silicon, and 
tin ; and arsenic could not bo soparatful from 
phosphorus, vanadium, and antimony, llonco 
two gaps occurred in group III. (series 4 and 5), 
and one in group IV. (series 5). From consider- 
ing the dilferonco between the values of tho 
atomio weights of consecutive olemcnt.s, (1) in 



GUOLrrs. 

Series 

I. 

IT. . 


IV. 

V. 

Vf. 

VIl. 

VIII. 

11,0 

li/-b 

1 Tt,0, 

11,0* 

11,0, 

R.,(\ 

R,0, 

tR,0.] 

1 

2 

11-1 

Li = 7 

iJo-O 

B-11 

C ;.12 

N-11 

0=1(5 

F=19 

— 

3 

4 

Nil- 23 

K-39 

Mr- 21 

Cii- 10 

Al-27 

S(:=41 

Si -28 

Ti- 18 

r=3i 

V = 51 

S-32 

Cr=52 

01 = 35-5 

Mu = 55 

(Fc = 56 Ni:r58-8 

1 00 = 59 Oii = «3 

5 

G 

(Cu-G3) 

Rb = 95 

Zu— or, 

Sr -87 

(la-GO 

Y=89 

{.10=72 

Zr-9() 

As -75 

Nb-91 

.Sc =79 

Mo=9i: 

Hr =80 

(V 100) 

(Rb = 104 llu = 104-6 
|1M=10(5 Ag = 108 

7 

8 

(AK-KIS) 

iU - 133 

CM -112 
lU-137 

In=lH 

L:i-139 

.Sn .118 
Co=M0 

Sb=l20 

l»i=14l 

Te_l 2 r, 

? 119 

1-1-17 

V 150 

■■ 152-166 4 Element# t 

— 


* 

' ' 

Kr-ICG 

Ta = 182 

? 107 

W=ISI 

? 1(59 


K) 

V 4 i:i( 
? 170 

■riieiits l.'iG to Ui‘J ? 

? 172 ' yb=173 

? 178 

• 

? 190 

(Os=19l Ira 192-3 
lrt=i:ii Au=i:)7 

n 

(Aii-l'J7) 

Hg-200 



Bl ^8^ 



T1 201 

ri "07 

Tli = 232 

• 

? 237 

? 2 Eloinoiits 
U = 240 1 

21-J to 220 V 
V 245 


12 

1 ' ? 3 Eloini'iUs 22 .1 to 230 ? 



In order to establish the existence of a 
periodic connexion between the atomic weights 
and the properties of the elements, it is neces- 
sary to break up the phenomena connoted by 
tho phrase ' properties of the elements ’ into 


the same series the average value of this dif- 
ference is about 2 in series 2, 4, and o -and (2) 
in tho same group — tho average value of this 
dilTercncc for the first, second, and third mem- 
bers of groups I., IL, and III., and for the first 
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find second members of groups IV., V., VL, an4 
Vn., is about 16, and for the succeeding members 
of these groups it is about 23 — Mendelfiefl 
assigned the value 44 as approximately that of 
the atomic weight of the unknown element in 
scries 4 of group III., and the value 69 as 
approximately that of the atomic weight of the 
unknown element in series 5 of the same group. 
Mcndel6eff also predicted many of the properties 
of these two unknown elements from considering 
the positions they occupied in the ‘ periodic ’ 
arrangement of the elements. Thus, the rela- 
tions of the unknown clement with atomic weight 
44 to aluminium should bo similar to those 
between (1) calcium and magnesium, (2) tita- 
nium and silicon, (3) vanadium and phospliorus, 
(4) chromium and sulphur; again the relations 
between (1) beryllium and calcium, (2) carbon 
and titanium, (3) nitrogen and vanadium, (4) oxy 
gen and cliromiiim, (5) iluorinc and mangan» 
ought to bo similar to the relations between boron 
and tho unknown clement. As regards the pro- 
perties of the second unknown clement with 
atomic weight GO, it was km)wn that (1) zinc is 
more like magnesium than it is like calcium, (2) 
arsenic more resembles phosphorus than it does 
vanadium, (3) sclenion shows closer analogies 
with sul})liur than with chromium, and (4) bro- 
mine and chlorine are more like each other than 
either is like manganese ; hence, it was argued, 
tho unknown element (GO) will resemble alumi- 
nium more closcjly than it resembles the other 
unknown element (44), and more closely than 
the second unknown clement itself resembles 
aluminium. Tho relationships indicated were 
of course studied in detail by Mendcleeff. Thus, 
take tho pairs of consecutive elements in series 
3 and 4 ; the resemblance between any of these 
pairs (Na.K; Mg. Ca ; Si, Ti ; P, V; S. Cr; 
Cl, Mn) is less marked in the higher than in 
the lower groups. Or, take tho two elements in 
each group belonging respectively to series 3 and 
6 ; the resemblance between any of those pairs 
(Na, Cu; Mg, Zn ; , . .P, As; S, So; Cl, Br) 
is more marked in tho higher than in the lower 
groups. 

Tho relationships examined by Mendc- 
16eff wore those between atomic weights, fusi- 
bilities, atomic volumes, composition of oxides 
chlorides and other compounds, acid or basic 
character of oxides, power of forming double 
salts and composition of these salts if formed, 
Ac. Ac. As a result of his study of theso 
relationships, ]Mendcleeff tabulated many pro- 
perties of tho two 'unknown elements. Since 
the memoir of the llnssian naturalist was 
publislieil, several now elements have been dis- 
covered ; some of tho properties of two of these 
elements will now be compared with the pro- 
perties which Meiidelecf assorted ought to 
characterise the elements belonging respectively 
to scries 4 and 5 of grouiJ III. 

Mcndelci^ff's Eka-nliiminium (III.-5). 

Atomic weight about G9. 

Readily obtained by reduction. 

Melting-point low. Sp. gr. = 5*9. 

Not acted on by air. 

Will deCttinposc water at a red heat. 

Slowly a^acked by acids or alkalis. 

Will formNa potassium alum more soluble, 


but less easily orystallisable, than the oorre* 
spending alummium salt. 

OxideaEljO,. Chloride =*ElaCJ^ 

Oallium. 

Atomic weight = 69. 

Readily obtained by electrolysing alkaline 
solutions. 

M.P. = 30-15°. Sp.gr. = 5-93. 

Non-volatile, and but superficially oxidised 
in air at bright red heat. 

Decomposes water at high temperatures. 
Soluble in hot hydrochloric acid, scarcely 
altacktid by cold nitric acid ; soluble in caustic 
j)otash. 

Forms a well-defined alum. 

Chloride = Ga.^Cl,,. Oxide = Ga 

MendcUojP& Elca-boroii (III.~4). 

Atomic weight about 44. 

Oxide Eb.p3 soluble in acids ; sp. gr. about 
B-.'J ; analogous to but more basic than Al.^O, ; 
less basic than MgO ; insoluble in alkalis. 

Salts of Eb colourless, and will yield gela- 
tinous precipitates with KOH, K^CO.,, Na/llPO^, 
Ac. 

Sulphate, Eh.„3S()„ will form a double salt 
with K^SO^, probably not isomorphous with tho 
alums. 

Chloride EbCl., or EbaCl.^, sp. gr. about 2, less 
volatile than AI3C4. 

Scandium. 

Atomic weight - 44. 

Oxide Sc.Gy ; sp. gr. = 3*8; soluble in strong 
acids ; analogous with but more decidedly basic 
than Al.Ps ; insoluble in alkalis. 

Solutions of So salts colourless and yield 
gelatinous precipitates with IvOII, K„CO.^, and 
Na,HPO,. 

Sulphate, Se.,.3SO„ forms a double salt, not 
an alum, Sc.HSoVlK .SO^. 

Gallium and scandium are, therefore, the ele- 
ments which Mcndeleetf named cka-aluminiiLm 
and cka-boron, and many properties of which 
wore accurately and in detail tabulated by liim, 
while the elements were yet unknown. 

Much discussion has of late been carried on, 
and a great deal of experimental work has been 
done, regarding the value to be given to the 
atomic weight of beryllium. Chemists are agreed 
that the value in question is either (in round 
numbers) 9 or 9 x l| = 13-5 ; if the former value 
is adopted, beryllium must be placed in group II. 
series 2; if the latter value is preferred, tho metal 
must find a iilacc between carbon and nitrogen. 
If the former value is adopted, tlic formula of 
beryllium oxide becomes llcO ; if the latter 
value is preferred, the formula of this oxide must 
be written Be.,Oa. The periodic law is a guide in 
the solulibn of this in-ol)lem. Brictly, tho law 
directs us to study tho properties of the clement 
itself and the composition and properties of its 
compounds ; to compare these with those of 
elements Nv^hich must come in the same group 
and the same series as beryllium ; to cempare 
the relations between beryllium and these other 
elements with the relations which have been 
established between elements occurring in posi- 
tions similar to that occupied by beryllium and 
the other elements in question; and to adopt 
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thftt vidue for the atomio weight of beryllium 
which best harmonises with the outoonte of this 
study. There can be no doubt that the value 
which best harmonises with the results of this 
study is 9 ; hence the atomic weight of beryllium 
is almost cortainly 9. This result is confirmed 
by the application of tho law of Dulong and 
Petit, and also of tho law of Avogadro ; for tho 
specific heat of beryllium at about 500'^ is 
nearly constant and is approximately represented 
by the number *(>2 (*02 x 9 - o fij, and the vapour- 
densities of beryllium chloride and bromide show 
that the formul/e of these compounds, as gases, 
are BeCl,, and IJelir.,, respectively (Bo = 9). 

Tho atomic weight of tellurium had for long 
been supposed to be greater than that of iodine 
(127) ; but if this were so tellurium must be placed 
in group 1. series 9 ; that is to say, in a group which 
contains tho alkali metals. This position cannot 
be defended ; moreover, every chemist knows that 
tellurium exhibits marked analogies to sulphur 
and sclenion. But if tellurium is to find a 
place in group VI. the value to bo given to its 
atomic weight must bo greater than 120 and 
less than 127. In 1880 Brainier undertook an 
experimental critieism of the methods wliereby 
the atomic weiglit of tellurium had boon de- 
termined by different chemists. Brainier proved 
that these methods almost necessarily gave too 
largo values; ho also made, very careful deter- 
minations of the atomio weight of the element by 
two new methods, and obtained a series of 
numbers varying from 12i'!)l to 12;5*'l, with a 
mean value of 12d. The periodic law has, there- 
fore, prevented chemists from finally adopting 
an erroneous value for the atomic weight of 
tellurium, notwithstanding tho groat weight of 
authority which was in favour of regarding that 
value as correct. 

These examples will suHice to show how the 
periodic law is used as a guide in determining 
what multiple of tho combining weight of an 
element is to be adopted as the atomic weight of 
that element. Incidentally, theso examples 
also impres.s us with the extreme importance of 
the constants which wo call tho atomio weights 
of the elements. Given this constant for a now 
element, and wo may, to a considerable extent, 
predict tho properties of the element and its 
compounds. The periodic law also enables 
values to be given, if not to tlie molecular 
weights, then certainly to tho reacting wclghfe 
of compounds; because the position of an olo- 
ment in a group and seric.s determines the 
formulao of the salts of that element, and, as we 
assume tho atomic weights of tlie other elements 
in these salts to be known, therefore determines 
the relative masses of the chemically reacting 
units of theso salts. There are at least one or 
two elements in each group which form some 
gasifiable compounds ; the molecular weights of 
theso compounds are therefore known; honco 
conclusions may tentatively be drawn regarding 
the molecular weiglits of similar coijipounds of 
other elements in the same group. But no 
great stress must be placed on such reasoning as 
this. Aluminium and indium occur in group 
III. (series 3 and 7), these metals exhibit fairly 
marked analogies; yet tho molecular formula 
of gaseous aluminium chloride is AljCl, while 
that of gaseous indium chloride is InCI, ; thallium 
Voi,. I. 


belongs to the some group as aluminium and 
indium (series 11), yet tho formula of the only 
chloride of thallium which is stable as a gas ia 
TICI. 

There is then at present one generally 
applicable method for determining the molecular 
weights of gaseous clomcnts and compounds; 
this metliod springs out of llio application of 
tile gcncrali.satioii of Avogadro to chemical 
changes occurring between gaseous elements. 
Tho apidication of the generalisation in question 
leads to praetioal definitions of tho terms 
molecular weiglil and atomic weight. In addition 
to this method there aro three others which 
servo to determine, more or less aceiiratoly, the 
values of the atomio weights of tho elements; 
and two of theso aro also employed to find the 
relative masses of tho small jmrticles of solid 
and liquid compounds wliicii take part in 
chemical changes. 

The methods founded rospcctively on the laws 
of Avogadro, Dulong and Petit, and Mitscher- 
licli, aro essentially phy.sical methods; they 
arc outcomes of tho physical theory of the 
grained structure of matter. Tho applications 
of this theory to chemical phenomena which 
have been considered in tho present article have 
been treated in a purely empirical manner. 
But it is possible to deduce tho Jaw of Avogadro 
from tho first principles of tho theory in question, 
Tho theory assumes that tho temperature of a 
gas represents tho mean kinetic energy of the 
molecules of that gas ; hence, if M and M, 
represent tho masses, and and V,'^ tho mean 
squares of tho velocities, of the molecules of 
two gases at the same temperature, it follows, 
from the laws of energy, that 

But if the iiressures of tho two gases are equal, 
then 

MNV- = M,N,V,“; 

where N and N, represent the number of molo'^ 
culcs in unit volume of the two gases ; because, 
according to the theory, tlie pressure of a gas 
on tho walls of tho containing vessel is an effect 
of the impacts of the molecules of tho gas, and 
this depends on the number and velocity per 
unit of time of these molecules. From those 
equations it follows that 

N = N,; 

that is, when two gases are at the same pressure 
and temperature the number of molecules in 
unit volume of either gas is tho same. But this 
is tho law of Avogadro. 

Neither tho law of Diilong and Petit, nor 
tho law of isomorphism, can as yet bo satis* 
factorily deduced from tho first principles of tho 
molecular theory. We know very little, if any- 
thing, of the structure of gaseous molecules; 
and of the moleculrr. phenomena of solids our 
accurate knowledge may be said to be almost 
nothing {v. AaoBKOviroN, States of, p. 87 ; 
also Moleculab strdctube of matter, thbomes 
BEOABDINO ; bIsO PHYSICAL METHODS ATFLIXD TO 
CHEMICAL phenomena). 

The atomic weights of all tho known elements 
have been more or less accurately determined ; 
but only fourteen elements have been gasified, 
and hence the molecular weights of only fourteen 
elements have been determined. Tho molecules 
of the greater number, but by no means of aU, 

AA 
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these elements are most probably (v. remarks on 
840 regarding the molecules of hydrogen, Ac.) 
imposed of two atoms; they are diatomic, 
be following table shows the classification of 


the elementary molecules, so far as the availablt 
data permit, in accordance with their atomioit;^ 
that is, the number of atoms of which each 
molecule is composed. 


Atomicity of Elementary Molecules (the temperatures are approximate). 


Monatomic 

Diatomic 

Trialomic 

Tetratomic 

Hexatomic 

odium 

otassium 

ino 

admium 

[ercury 

)dine at c. ]/)00° 
'Bromine ato. IttOO'’) 
ntimony at c. 1700° 

Hydrogen 

Chlorine 

Bromine 

Iodine at 200°-1000° 
Oxygen 

Sulphur at 800° and 
upwards 

Solenion at 1200° and 
upwards 

Tellurium 

Nitrogen 

Phosphorus 1 at while 
Arsenic J heat 

Oxygen as 
ozone 

Selcnion at 
700°-800° 

Phosphorus 
Arsenic 
(both at temps, 
nearly up to 
white heat) 

Sulphur at 450. . 
5.70° 

(very doubtful i 
V. Biltz a. 
Meyer, B. 21, 
2013) 


The following table presents the data available for calculating the molecular weights of the 
lementary gases : — 

Molecular Weioiits of Elementary Oases. 


I. 

ir. 1 

III. 

IV. 

V. ' 

I. 

IT. 

III. 

IV. 

V. 


Belutive 

T«mu|». of 

Density 

Molecular 

Name 

Beliitive 

Temp, of 

Density 

Molecular 

of ch'numt 

deiihily 
air- 1 

iibservatiun 

X 28-87 

weight j 

of <*leiiu!nt 

air=i 

obsorviition 

X 28-87 

weight 

Hydrogen 

•06920 

0® 

2 

2 

Bromine 

5-51 

100® 

159-9 1 

159-6 

'•Sodium 

•87 

1200'’-lf.0()® 

25-5 

23 

'• „ 

5-38 

100® 

155-3 ) 


' Nitrogen 

09713 

0® 

2804 

2802 

*• 

4-43 

abt. 1500® 

117-9 

? 

' Oxygen 

MOG 

abt. 1400® 

31-94 ^ 

31-92 

■*® Selcnion 

6-68 

abt. 1100® 

101-1 

157-6 

► 

li0f)C3 

0® 

31-92) 


C-37 

abt. 1000® 

183-9 

? 

' „ (ozone) 

l'0r)8 

— 

47-86 

47-88 


7-07 

8G0® 

221-4 

236-4 

• Sulphur 

2-23 

860® 

61-4 \ 


” Mercury 

6-96 

abt. 1000'® 

200-93' 


r 

2-24 

1040® 

64-6 1 

63-96 

.. 

6-98 

446® 

201-5 

199-8 

1 

217 

nbt. 1400® 

62-6 ) 


» 

7 03 

424® 

2030 


* Zlno 

2-38 

abt. 1 lOU® 

C8-7 

61-0 j 


6-7 

882° 

193-4 


• Ohlorin# 

2-45 

200® 

70-73 


■ IfMliiio 

8-8 

250"- 150® 

2540 


1 

201 

abt. 1(MX)° 

75-.3r) ■ 

70-71 

„ 

872 

1.85® 

251-7 


» 

2-44 

abt. 1200® 

70 72. 


» 

8-70 

447® 

261-2 

S63'0) 

• Cadmium 

3-94 

abt. 1000® 

113-7 

1121 


8-72 

abt. 1000® 

251-7 


••Antimony 

9-78 

1040® 

136-1 

120 


8-84 

250® 

j 255-2 


• riiosphoru.s 

4-36 

600® 

12.5-6 » 

123-84 ^ 

”• » 

8-55 

665® 

! 240-8 

1 


• 

4-60 

abt. 1000® 

1299 1 


” „ 

6-87 

abt. 1100® 

1 169-4 

? 

■ Arsenio 

10-2 

860® 

294-5 1 


M 

4-76 

abt. 1500® 

' 137-4 

[? 126-58] 

• 

n 

10-65 

644®-668® 

307-4 ) 

299-6 

Tellurium 

9-08 

abb. 1400® 

! 262-1 

255 

•• » 

G-53 

1430® 

1885 

t?M9-8] 




1 

1 



» RognfiuU., C. R. 20, 075. •"Scott, Pr. K. M, 410. 

• ■ V. Mi-yer, />. 12. 112G. 

• Regniiult, l.c. * Soret, ; 64,001. 

•* Devillo «. Trooat. C. R. 5G, 801. 

• V. Meyer, /I. 12. 1112. 

• McnsoliiiiK a. !Moycr, B. 19, 3295. 

*• Ludwiff, li. 1, 232. " V. Moyer, B. 13, 400. 

"•Id, B. 15, 2773 (mean of 6 rxperlmcuts). 

•• Deville a. Troost, C. II. 49, 239. 

•••Biltz a. Meyer, Z. l\ V. 4, 249. 

»■ «* D. a. T. C. R. 66, 891. '» Id. l.c. 

" MItacherlicli, A. 12, 159, 

‘••Bilta a. Meyer, Z. J\ C. 4, 249. 

" Mitsoherlioh, l.c. •* V. Meyer, B. 13, 406. 


•• Crafts, C. R. 90, 183. “ " « Deville a. Troost, l.c. 

« V. Meyer, B. 13. 1107, 1110 (inc;in of 6 e.vpcrimcnts). 

“ Dumas, A. Ch. [2] .33, 337. * Mitscherlicb, l.c. 

»• Binoau, C. R. 49, 799. 

" ,V, Meyer ; a. Meier a. Ci afts, B. 13, 868 (moan of 7 ix- 
porlments). 

"• Daman, l.c, ** “ Deville a. Troost, l.c. 

•• V. Meyer, B. 13, 396. •'•Troost, C. R. 96, 30. 

•* V. Meyer, B. 13, 1116. “ Id. 13, lOlO. 

•• Devillo a. Troost, l.c. 

Blitz a. Meyer {Z. P. C. 4, 249) have obtained values 
which point *^0 a mol. w. for pliosphorus between P*and 1’,, 
for bismuth between Bi, and Bl, and for thallium as Tl, at 
very high temperatures. 


The following table presents a summary of the atomic weights of the elements and of the 
evidence upon which each value is based : — 



ATOMIC WEIGHTS OF THE ELEMENTS. 
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vatives. Some Fe salts with ferric oxide; analysis 
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Notes to Table of Atomic WM/ghU. 

A. As the method based on isomorphism of 
eomponnds is chiefly used as a means of verify- 
ing values assigned to atomic weights by otlier 
methods, no numbers are given in column IV., 
but merely an indication of the various com- 
pounds which have been compared crystallo- 
graphically, and on which arguments for or 
against a given value for tlie atomic weights in 
column V. have been, or may be, based. 

B. This column (VI.) is not to be regarded 
as containing anything like a complete summary 
of the processes employed for determining the 
combining weights of the elements; only the 
more important processes are indicated — 
references are given to the original papers. 

By comhinbig weight is here meant the 
smallest mass of the element which combines 
with 8 parts by weight of oxygen, 1 part of 
hydrogen, or 3.'3-5 parts of chlorine. 

A complete account of all researches on this 
subject will bo found in A Hecnlcuhitwn of the 
Atomic Weights^ by F. W. Clarke [Tart v. of the 
Cotistants of Nature published by the Smith- 
sonian Institution], and also in Die Atomgcivichte 
der FAcmente, by L. Meyer and K. Seubert 
[Leipzig, 1883]. 

C. When the atomic weight given in column 

V. section (2) is a multiple of the combining 
weight in column VII., no number being given 
in section (1) of column V., it is to be inferred 
that, besides the argument drawn from the value 
of the specific heat of the element in question, 
there are other chemical reasons for adopting 
the special multii)le which ai)pears in V. (2) ; 
these reasons may be broadly described as based 
on analogies between s.alts of the given element 
and salts of other elements the atomic weiglifs 
of which have been established by the two 
leading physical methods. M. M. l\ M. 

ATOMICITY. Term used to denote number 
of atoms in any specified ga.seous molecule, 
usually in the molecule of an element. 

ATOMIC VOLUMES v, Physical Methous; 
■ect. Volumf.thicaij. 

ATRACTYLIC ACID Pola.ssinm 

atractylate K,A"' occurs in the root of Atractglis 
gumviifera, from which it may be extracted by 
boiling 70 p.c. alcohol (Lefranc, BL \2] 11, 400; 
J. Ph. [4] 0, 81 ; 10, 32.5 ; 17, 187, 203 ; C. R. 
07, 954; 76, 438). Boiling potash hydrolyses it, 
forming valeric acid and so-called (S)-atraetylic 
acid, which is further split up into 

HjSO^, valeric acid and atractylin. 

ATRACTYLIN C,oH3„0«. From ‘ (^)-atraetylic 
acid ’ by boiling with aqueous KOII. White 
gummy substance, wiili sweet taste, v. sol. 
water and alcohol, insol. ether and aqueous 
NaCl. Forms a violet-red solution in warm 
HjSO^. Boiling KOH forms atractyligenin 
and a saccharine substance. 

ATRANORIC ACID [190^-101°]. 

Extracted by ether from certain lichens ^Lecanora 
atra, Stereocaukm vesuviuniuin, Cladonia rangi- 

« Trimetric crystals ; a:b\c~l: ’308 : *300 ; 

alcohol, cold ether, and benzene ; 
m. sol. hot benzene ; sol. alkalis forming 
a yellow solution. Heated with water in a 
sealed tube it splits up into atranorinic acid, 
and atraric acid, C,„H,oOj (Paterrd, 


Q. 9. 279; 10, 157; 12, 250; Coppola, O. 

1% 19). 

'ATRANORINIC ACID [101% 

Formed by heating atranorio acid (<?.v.) with 
water. Needles, ra. sol. water, sol. alcohol and 
ether. Its alkaline solutions are yellow. Its 
aqueous solutions give a green pp, with AgNOo, 
a brownish-green colour wiiii Fe^CI„, and a 
blood-red colour with ble iching-powder (Patern6, 
O. 12, 2or)). 

ATRARIC ACID Pro- 

duced by he.-iting atranoric acid with water 
(Paternb, CL 12,257). Iridescent lainiiuo, si. sol. 
water, m. sol. alcohol and ether. Its alkaline solu- 
tions are colourless. It gives a brownish pp. 
with AgNOg and no colour with Fe-jCl^. 

ATRIPAiC ACID C,jII„0,.,(;a(i.” [98° when 
hydrated]. An acid obtained from the sugar 
cane (Savary, C, C. 1884, 908). 

Fthyl ether (184°~188°). 

ATROOLYCERIC ACID CJI,„0< i.e. 
CII,(OII).CPh(OH).CO.,lI. [140°]. a$^Di-oxy‘ 
a-phenyl-propionic acid. From a;Q-di-bromo-a- 
phenyl-propionic acid and excess of alkali (Kast, 

A. 200, 30). Crystalline aggregates, sol. water 
and ether. Salts.— Ca A'.,. ' Ba A'.,. 

Nitrile CIi,OII.CPh(OH).CN' [57°]. From 
honzoyl-carhinol and UCN (Plochl a. Bliimlein, 

B. 10, 1292). 

I ATROLACTIC ACID v. a-OxY-a-piiENYL-PRO- 

[ PIoNlC ACID. 

I ATROLACTYL-TROPElNE CJI„NOC«n,03. 

Pseudo-atropine. [121°]. Crystalline solid. Very 
similar in physiological action to atropine. 
Formed by the action of dilute HCl on tropine 
atrolactato. 

Salts. -Mostly soluble.— B'HClAuCl, : spa- 
ringly soluble tables.’ Thopicrato also forma 
sparingly soluble tables (Ladenburg a. Roth, 

B. 15, 1027 ; A. 217, 87). 

i XH, ClI 

ATRONENEC,«n,,i.c. C,IIX |1 . 

\CPliH.CH 

Phenyl-naphthalene dihydride. (325° i.V.) 
Formed, together witli atronic acid, by the dry 
distillation of (a)-or ()8)-iBO-atropic ncid{Filtig,A. 
200, 51). Liquid. Chromic acid oxidises it to 
o-benzoyl-benzoio acid. 

Atronene sulphonic acid CmHi^SOJI. [130°J. 
Needles ; v. sol. water.— BaA^— CaA'j2aq. 
ATRONIC ACID C„Hi,0., i.e. 

(?) Phenyl-naphthalene 

di-hydride carboxylic addict). [104°]. Formed, 
together with atronene by the dry distillation 
of (a)- or (j8)-iso-afr )pic acid (Fitlig, A. 200, 
40). Prisma; insol. water, sol. alcohol and 
glacial HO Ac. Salt.:.— CaA'.Gaq.— •BaA'._.4aq. 

lEO-atronic acid CpH^Oj. [157°]. Obtained 
by heating (o)-, or (/i)-, iso-atropic acid with 
cone. H.,SO^ (Fittig, A. 200, 80). Leaflets, insol. 
water, sol. alcohol, ether, and glacial HOAo. 

S a 1 1 8.— Ca A'.,. — BaA'., Oaq. 

ATRONYLENE SULPHONIC ACID 

C, «H„.SOJI. [c. 258°]. Formed by heating 
(a)-, or ($)-, iso-atropic acid or iso-atronio acid 
with 9 pts. cone. H.^S 04 at 90° (Fittig, A. 206, 
60). Prisms (from 60 p.c. acetic acid). Insol. 
water, v. sol. alcohol. The aqueous solutions of 
its salts when exposed to sunlight deposit small 
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ATRONVLENE SULPHONIO ACID. 


needles of atronyl-sulphone C,gH,oSOa. 
[193®!. •« )o i 

ATBOPIC ACID C„ri«Oa CH^CPh COaH. 

« - Phenyl - acrylic acid. M. w. 148. [107®]. 
(.203®) at 75 mm. H. -I l l at 19®. < 

Formation. ~l. By boilingatropinewithbaryta 
(Kichter, J. ;)r. 11 , 33 ; Kraut, A. 128, 282 ; Fittig j 
a. Wur.stor, it. 105, 147). 2. liy heating atropine 
with fuming HCl at 120® (Losscn, A. 138, 230). 
3. By the action of IICl on etliyl-tropic acid. 


CIIj.Crh(0Et).C02H, obtained from acetophen- 
one chloride by alcoholic KCN and saponifica- 
tion (Ladcnburg a. llugheimer, B. 13, 2041).— 
4. By action of boiling NaOII upon a-chloro-i8. 
phenyl-propionic acid which is formed by the 
action of IJCl upon acetophenone cynnhydrin or 
by heating o-oxy-a-phenyl-propionic acid with 
saturated HClAq at 130 ^ (Spiegel, B. 14, 237 ; 
1854). 

_ lVqpcrfw5.— Needles (from water) or mono- 
clinic prisms (from alcohol) ; v. sol. CS... 

Beactio'iy^. — 1. Chromic acid viixtiire forms 
benzoic acid, — 2. T'ofash-fu.sion forni.s phenyl- 
acetic acid. —3. Sodium-amah jam reduces it to 
a-phcnyl-propiuiiio acid. -4. Fuming HCl forms 
o-chloio-a-phenyl-i)ropionic acid, which is con- 
verted by acpieous Na..CO, at 120° into tropic 
acid, CH,(OH).CPliH.CO..H.-5. ClOH forms 
cliloro-tropic acid CIL,(01I).CPhCl.CO,H 
(Ladenburg a. Biiglieimer, B. 13, 376).— 0. Cold 
cone. IJBrAq form.s both a-, and /3-, bromo-o- 
l)lKmyl-proi)iouic acid; at 100® it forms only 
^-broino-a.j)lienyl.propionic acid.— 7. Bromine 
forms Cir^Br.CPhBr.CO^H. 

Salts.— Neutral atropates are not ppd. by 
manganous salts (difference from cinnamates). — 
CaA'jfiaq (K.).-CaA'2 2aq (L.). 

(a).l8o-atropic acid C,„H,«0, (?). [2.37®]. 

Preparation. — (a)-, and (/!}-, isoatropic acids 
are both formed when atropic acid is heated 
alone or with water ; they may be separated by 
crystallisation from 50 p.e. acetic acid. 

iVopcrfzcs.— Crystalline aggregates, si. sol. 
boiling water, sol. alcohol. Chromic acid gives 
anthraquinoiio and o-bcuzoyl-benzoic acid. 
V. also Atkonene, Atronic agio, and Atuonylene 

SULl’HONIC ACID. 

Salts .— CaA" 2aq.— BaA"2.Uq. 

Ethyl EtA" (180°). 

(^)-Iso.atropio acid C, [206®]. llcct- 

angular tables (from water). More soluble in 
water, alcohol, and HOAc than the (a) acid. 
Gives the same rewtions as the (o) acid. 

S alts.— CaA" 3aq (Fittig, .4. 206, 34 ; B. 12, 
1739 ; conii)aro R. Meyer, A. 219, 290). 

ATROPHiTE 0„H.,3N0, i.e. 
CH,OH.CPhH.C6.0.CH...CII„CJLNMe. 

Daturinc. [114®]. S. -33. ' 

Occurrence. — Together with hyoscyamine in 
all parts of Atropa helladofina (Geiger a. Hesse, 
A. 5, 43; G, 44; Mein, A. 6, 67), and in the 
seeds of Batura etramonium (Geyger, A. 7. 272 • 
Planta,^. 74,245). ' ’ » 

Formation. — Crystalline tropine tropate has 
no action on the eyes, but when treated with 
dehydrating agents, such as ZnCl., Ac^O, or 
HCl, atropine is formed. It is best to evaporate 
frequently with very dilute HCl at 100® 
[Ladenburg, A. 217, 78 ; B. 12, 942 ; 13, 104, 


909 ; C. B. 90, 921). Tropine contains hydroxyl 
which is etherified by tropic acid ; 

OH,(OH).CPhH.OOaH-f-HO.CH..CH,.C,lT,NMe* 

CK,(OH).CPhH.OO.O.OHa.CH,.0,U,NMe-|-H 

Preparation. — Dry belladonna leaves are di- 
gested for three days with cold water, the extract 
is evaporated, and after mixing with NojCO, 
the syrupy liquid is agitated with benzene. The 
benzene solution is decanted off and shaken 
with dilute sulijhuric acid. The acid liquid is 
rendered alkaline with Na^CO^ and the solution 
agitated with chloroform ; the extract is filtered 
and, after addition of light petroleum, allowed to 
evaporate spontaneously, when the atropine 
separates out first, the mother liquors containing 
another alkaloid (Pesci, 0. 10, 426). 

Properties. — Needles (from dilute alcohol). 
SI. sol. water; v. sol. alcohol, and chloroform, 
m. sol. ether. The solutions are alkaline to 
test-pajjor, and taste bitter. Its salts enlarge 
the pupil of the eye. -05 to -2 g. is a fatal dose. 
Three drops of a 1 p.c. solution of (artificial) 
atropine enlarges the pupil to the maximum 
extent. Atropine overcomes the stoppage of 
the heart’s action produced by muscarine. 

Reactions.~~l. When evaporated to dryness 
with fuming UNO., a residue is left which is 
turned violet by alcoholic KOH.— 2. Chromic 
acid mixture forms benzoic acid. — 3. A solution 
in HCl gives with gold chloride an oily pp. that 
quickly changes to lustreless crystals which 
melt under water or, when dry, at 136°.— 
4. Tannin gives, in very dilute neutral solutions 
a white pp., sol. HCl. — 5. Potassio-mercui'ic 
wdide gives a white cheesy pp.— 6. I in KI 
gives a brown oil which solidilies after some 
time.— 7. i’/Vric acid gives, in somewhat dilute 
acid solution.s, a crystalline pp. - 8. Cone. H, SO 
gives, on warming, a pleasant odour.— 9. Cya!- 
nogen gas passed into an alcoholic solution 
gives, after some time, a red colour.— 10. Chlo- 
ride of iodine tom\s a dark yellow pp., sol. on 
warming, and Sf'parating out on cooling in 
brown crystals (Dittnuir, B. 18, 1612).— 11. De- 
composed by hot baryta- water or cold cone. 
JTCl into tropic acid and troinne (Kraut, A. 
128, 280 ; 133, 87 ; 148, 2-10 ; Lessen, A. 138, 
230).— 12. Hot cone. HClAq at 120® gives 
tropine, troi)icacid, atropic acid, iso-atropic acids, 
and (at 180°) tropidine.— 13. With NaNO„ 
H.jSO^, and subsequently NaOH a violet colour 
is developed.— 14. Glacial llOAc and II, SO, 
produce on prolonged warming a greenish-yellow 
lluoiescence (Fliickiger, Ph. [3] 16, 800).— 
15. H.J&0, and KCIO., give a greenish-blue colour 
(Vitali, Ph. [3] 12, 459). 

Salt3.-B'HAuCJ, [135®-137°].- B' HJPtCL 
[208°]. — BTIC12IIgCL (Gerrard, Fr. 24, 601). 
B'nil,j brown prisms (Jorgensen, Z. 5, 673).— 
B'lIII,.— B'^H.jSO, : needles, got by adding an 
ethereal solution to an alcoholic solution of 
ILSO, Valerate B'C5H,j,02 iaq [42®] (Call- 
mann, e4 ;>r. 76, 69). ^ l t 

Additional Bc/crc?iccs.— Giinther, J. 1869, 
781 ; Fr. 8, 476 ; Lefort, Ph. [3J 2, 1029 ; C. 0. 
1873, 797 ; Brunner, B. 6, 96 ; Newark, C. 0* 
1872, 536 ; Guliolmo, Fr. 2, 404 ; Ludwig. At. 
Ph. [2] 107, 129 ; Schmidt, A. 208, 196. 

Ethyl-atropineO^fB.i.P.i'lHO^. Formed by 
action of Ag^O on its hydriodide, B'HI, obtained 
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by heatiug atropine with Etl at 100^ (Lossen, 

188, 239). A syrup, sol. water. 

Apoatropine C„II„NO,. [60°-62°J. Formed 
by treating atropine with HNO3 (Pcsci, G. 11, 
638 ; 12, 60). Prisms ; si. sol. water, v. e. sol. 
alcohol. Decomposed by baryta-water at 100° 
into tropine and atropic nckl. Docs not enlarge 
the pupil. Salts.— B'HAuCl^ [180°] amor- 
phous.— B'lDSO^ 5aq. 

Pseudo-atropine v. ATnoL.\cTYL-TROPisiNB. 

Hydro-apo-atropine 

CH3.CHPh.CO.O.Cn,.CH,.C,H,NMo. Prepared 
by the action of nascent hydrogen on ai)o- 
atropine (Pesci, Alta d. Acad, dei Lined, 5, 320). 
Oil. Decomposed by baryta- water at 100° into 
o-phenyl-propionic acid and tropine. Forms 
a crystalline compound with HgCL. Neutral 
KMn04 oxidises it to * honio-apo-atropino ’ 
an alkaline oil which forms the 
following salts : B',,CO,, B',H,PtCl„ B'HAuCl^, 
icaq, B'„fi.PdClfl ; its hydrocliloride 
gives white pps. with tannin, Mayer’s reagent, 
and HgCl.j; and it gives a blood-rcd colour 
with fuming HNO.., ; heated with baryta-water it 
gives o-pheiiyl-propionio acid and tropigenine 
(Pesci, 0. 12, 285, 329 ; Merling, B. 15, 280). 

Homo -atropine v. PiiF.NYLGLYOoiA’icTiioi'jiixK. 

Meta-atropine v. Tropine, 

ATKOPYL-TROPElNE C„n,,NO,. Anhydro- 
atropine. Obtained by lioating tropine hydro- 
chloride with atropic acid and llCl (Ladenburg, 
A, 217, 102; B. 13, 1085), Oil.— BTIAuCl^ : 
small needles. 

ATBOXINDOIE v. o-Ajiino-a-puENYL-Puopi- 
OKIO ACII), p. 170. 

AUKANTIIN C,.,TT,,.0,,4a(j. [171°]. S. -33. 
[a]j» —64-57°. A glucosido in the flowers of 
Citrus decuniana (F. Ilol'finann, /i. 0, 001). 
Yellow monoclinio prisms. Bitter tust(5. (jives 
a brownisli-rcd colour with Fc^CIb. 

AUBATES. Auric hydroxide Au.D^H.^ 
(a* Au.^O;,.Ho()) reacts with HNO.,Aq to form the 
compound Au(NO.,);,.nNO.,.3H/) ; from this seve- 
ral basic nitrates and one or two siiljduites of gold 
may bo produced (Schottliindcr, .1. 217, 312). 
But Au.^Oji.HoO also dissolves in KOHAq, and on 
evaporation at a gentle heat and finally in vacuo, 
crystals are obtained, which when dissolved in 
water, recrystallised, drained, and dried in vacuo, 
are said to have the composition Ail, 03.K,.().3I1X) 
(*a Au^O^IC.SH^O). Aurate of potassium is very 
soluble in water, forming an alkaline liquid 
whicli is easily decomposed by organic com- 
pounds and by heat ; the solution gives pps. 
with solutions of various metallic salts, c.g. OuCI.; 
these pps. are said to bo aurates, but very little 
is known about their composition. An aurato of 
ammonium of indelinite conqwsition, known as 
fulminating gold, is formed by pptg. a solutioh 
of a gold salt by excess of NH^Aq, and Jboiling 
in NHjAq ; or by digesting Au.^OhH.X) in 
(NH,),SO,Aq (Fremy, A. Ch. [3], 31^ 480; 
Figuier, id. [3] 11, 341). M. M. P. M. 

AUBIC ACID. The hydrated oxide *0! gold 
Au-PaHjO is sometimes called auric acid because 
of its salt-forming reactions with alkalis {v.supra). 
This compound is best prepared by adding 
NaOHAq to very dilute AuCl^Aq, in the ratio 
3NaOH:AuCl„ (the AuCl.,Aq should be prepared 
in about the ratio AuClaiBOOHjO) ; warming till 
ihe liquid is dark brown; adding Na^SO^Aq; 


allowing pp. to settle; washing repeatedly by 
decantation, and then on a filter, until {lie 
washings are free from HgS04 and HOI ; boiling 
pp. with cone. HNO^Aq ; and again washing free 
from acid (Thomsen, Th. 3, 391). According to 
Kriiss {B. 19, 2546), Au.D3.ILO is better prepared 
from Au.Dl,.Aq by ppg. with magnesia alba, 
boiling wi{h dilute llNO^Aq, washing with water, 
and drying ovt!r PoO,^. Au.Os.ILO is easily 
soluble in lIBrAq and IIClAq, with production 
of much heat, and formation of AuCl,IIAq and 
AuBr^llAq respectively (n. Gold). M. ^RI. P. RI. 

AUBINE V. llosoLic ACID. 

AUSTBALENE v. Torpuntine oil. 

AXIN V. Aoe, p. 87. 


AZAMMONIUM COMPOUNDS. Compounds 
obtained by o.xidising mono-alkylated o-amido- 
azo compounds, or by heating a/.imido-com- 
pounds with alkyl iodides followed l)y moist 
Ag.O (Zincko a. Lawson, B. 20, 1173). Thus 
CBlf,.N:N.C,„HB.NI].CBlI, gives, on oxidation 
with chromic acid, C.JI, .N,0 which might bo 
expected to have the formula : 

. .N(Oil).CJIj 
CJl/ I \ 

>N-N.C,jr, 

Naphthalene - di - phenyl - azammonium hy- 
drate 


.N(()11).CbH, 

aji,BN3.oii i.e, C,jr„<; I \ (?). 

The cliromate is obtained by the oxidation 
of bcn/.oiie -azo - phenyl - (j9) - iiaplitliylamino 
N.CbII^ 

Ciulluv I (?) with K.,Ci\;Or and acetic 

\N.NnC,Jf5 

acid. It is converted into tho chloi ido by boil- 
ing with alcohol and IICl till all tho chromic 
acid is reduced. The li yd rate is ol)tained 
from the chloride by Ag.D. Its solution has a 
greenish fluorescence, is strongly alkaline, and 
tastes bitter; it decomposes on evaporation. 

Balts.— Like the base, they have a gnjonish 
fluorescence in aqueous and alcoholic solution, 
and a bitter taste. — 0 .vJI,bN.,CI : glistening 
prisms, v, sol. alcohol, less in water; it forms 
s])aringly solubhj doublo chlorides with SnClj, 
ZiiCJ,, JIgOI,, ctc.~(CV,n,„N3Cl),PtCl4 : si. sol. 
crystalline j)p. — C..Jl„jN.„lLS03 : glistening 
transparent needles or prisms, v. sol. hot alco 
hoi, si. sol. cold water. — : long 

flat glistening needles, v. sol. iiot ale.oliol, si. 
sol. water. — (C._,.JJ„iN3)._,Cr30, : long yellow 
needles, sol. acetic acid, v. si. sol. water. — 
>‘(0,,H,«N,)C,H,(N0,)30: [213°]; small yellow 
needles, v. si. sol. water (Zincko a. Lawson, B. 
20, 1172). 

AZABONE C.JI,/).. [59°]. (296°). S.O. 
1-165; "2 1'0743. OMained by distilling the 
rhizomes of Azaruui europccum with steam 
(BoutltM a. Ilizza, Bl. [*2] 43, 114). White 
crystalline body, si. sol. water, sol. alcohol, 
ether CCl4, and acefic acid. Combines with Br, 
forming C,„H„jBro03. 

azaub'olic acids. 


Ethyl-azaurolic acid C JIiN^O. [142°]. From 
ethyl nitrolic acid (2 g.) by the action of water 
and sodium amalgam. The yield (’2.5 g) is bad. 
Formed also by reducing di-nitro-cthane 
(V. Rleyer a. Constam, A. 214, 330 ; B. 14, 145-5). 
Properties.— Orange-red prisms (from aloo* 
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bol). M. Bol. hot alcohol* •!. aoL ether* ▼. el. sol* 
water, chloroform* benzene or light petroleum. 
Alkalis form a deep orange eolation. At 142° it 
melts, with decomposition, leaving a liquid 
which, after solidifying, melts again at 133°. 

Reactions.— 1. Ammoniacal solution gives 
with AgNC).,a brown pp., and with salts of Zn or 
Pb, yellow pps, A solution of the ammonium salt 
deposits, on evaporation, needles of the free acid. 
2. Heatf dilute acids, nascent hydrogen, and 
ammonia all convert it into ethyl-leucazono : 
2C,1I*N,0 + H,0 = C,II*N,0 + 0 + NH,0 the oxy- 
gen converting another portion of ethyl-azaurolio 
acid into acetic acid, N, and N.p. — 3. K.Cr.pj 
and II.SO^ give acetic acid and CO.^. 

Constitution. -Ita formation from ethyl- 

nitrolio acid iTidicatcs the group MeC<(^|j, and 

the presence of Mc.C is shown by the production 
of acetic acid on oxidation. Ethyl-azaurolic 

acid would then bo or, more 

probably. MeClI(NO).N:N.CH(NO)Me or perhaps 
MeC(NO):N.NH.CMo:N()lI. 

Ethyl-leucazone CilI N-jO. [168°]. Formed 
together with nitrogen, N.O, and hydroxy lam ino 
by heating ethyl-azaurolic acid with dilute HCl 
(M. a. C.). Satiny needles, lleddcns litmus. 
Combines with acids, bases, and salts. V. sol. 
alcohol or water, insol. ether. Its aqueous solu- 
tion is turned red by Fo.jClfl and oxidised to 
acetic acid by K.^Cr-P, and II.SO^. 

Salt8.~B',.IPSO<: [101-6°]; prisms, sol. 
ordinary (90 per cent.) alcohol.— Ba{C^U.jN 30 ),j. 
.-0*H,N3OAgNO,. 

Propyl-azaurolic acid CaH^NaO. [127-6°]. 
From propyl -nitrolic acid by sodium-amalgam. 
AZELAIC ACIDS 
n-Azelalo acid 

coji.cii,.cii,.cH,.cn,.cii,.CH,,cir,.coji. 

[118°]. Formed by reducing butyro-furomc 
acid with 111 and P (Tonnics, B. 12, 1200). 
Slender needles (from chloroform). 

Azelalo acid CiJli^O^. Anchoic acid. Lep- 
argylic acid. Mol. w. 188. [100°]. (above 

800°). S. -108 at 12° ; S. (ether) 1-88 at 11°. 

Formation.—l. By the oxidising action of 
UNO, upon Chinese wax (Buckton, C. J. 10, 
100), cork, oleic acid (Laurent, A. Ch. [2J 0<‘, 
164), cocoa-nut oil (Wirz, A. 101, 205), castor 
oil (Arppe, A. 120, 288; Ganttner a. Hell, B^ 
14, 600, 1645), and euninoic acid (Krafft, B. 11, 
1415).— 2. From oleic and KMnO^Aq (Saytzeff, 
/.pr. [2] 33, 301). 

Preparation. Castor oil is oxidised by UNO, 
(S.G. 1-25). lieptoio acid is distilled oH with 
steam, and the hot residual liquor poured off 
from a lioavy nitrogenous oil. On cooling, 
suberic and azelaic acids crystallise. Pure 
suberic acid is got by washing the mixed acids 
witli ether, w'hich dissolves azelaic acid as well 
as oily impurities. The other is evaporated, 
the residue dissolved in boiling water and NaCl 
added. Oily matter then separates and azelaic 
acid crystallises from the brine (Dale a. Schor- 
lemmer, G, J. 35, 684 ; cf, Ganttner a. Hell, B. 
14, 1646). 

Properties.— Large thin plates, hot volatile 
with steam. Sol. water, alcohol, and ether. 
Nitric acid oxidises it to succinic acid. It does 
Dot give a homologue of suberone when distilled 


with slaked lime, hence its constitution is pro* 
bably not analogous to that of the homologous 
suberic acid. 

Salt 8.— Kj A" : small plates.— 2aq : 
needles.— KHA".—KH 3 A,/. — Na.A" aq ; soluble 
plates.— Na 3 HA" 2 .— (NH 4 ),^A": large plates. — 
(NH,)HA".-BaA"aq: S. -Co at 10°; *628 at 
100°.— SrA" aq. - CaA" : crystalline powder ; S. 
•185 at 17° ; -193 at 100°. -MgA" 3aq. - MnA"3aq: 
slender needles; S. -206 at 11°; -108 at 100°. 
— NiA"()aq. — CoA"6aq. — ZnA": crystalline 
pp. ; S. -026 at 12°.— PbA" : white pp. ; S. -006 
at 24°.— Ag.,A" ; wliite pp. ; S. -0015 at 14°. — 
CaA".-Fe{(3H) A" 2aq. -CdA". 

Ethyl sl/icr Et 2 A".( 260 °). Decomposedon 
boiling. 

AZIDINES. Compounds related to hydra- 
zines (q.v.) in the same way that amidines are 
related to amines. Thus the hydrochloride of 
phenyl -hydrazine acting on a solution of benz- 
imido-ether in absolute alcohol produces dark 
red needles of di - phenyl - bonz - azidine, 
Ph.C(NH.NPhH):N.NPhI['; while form-imido- 
ether gives, when similarly treated, di-phenyl- 
formazidino CH(NH.NrJiH):N.NriilI [185°] 
(Pinner, B. 17, 182, 2002). 

AZIMIDO- COMPOUNDS. This term was 


originally applied by Grioss {B. 15, 1878) to the 
eompounds obtained by the action of nitrous 
acid upon ortho-diamines, which are probably 


of the form 1 Vh, and was extended by 
\n/ 


Zinckc (D. 18, 3134) to compounds, probably of 
/N\ 

the form 11''^ ( ^NR', got by oxidising o-amido- 


azo- compounds (hydrazimido-cotnpounds). The 
first formula may also bo written 


vNll 

which stands to R' relation that 

diazobenzene anilide stands to a mixture of 
dia/.obciizeiio chloride aud aniline. 

Azimido-benzene C.H.Nj i.e. C^H^^ I \NH 


or CJIi<^^j^^N. [99°]. From aqueous o- 


pbenylene-diamine sulphate and KNO^ (Laden- 
burg, B. 9, 222). Needles (from benzene). 
Azimido-nitro-beni-ene CJI^Np. ^ 


Nil 


[ 211 °]. 


Formed by ])as3ing nitrous acid into a solution 
of nitro-o-phcnylene diamino (Hofmann, Pr. 10, 
44)6). Long white jn-isms, v. sol. alcohol and 
ether, si. sol. cold water. Nitrous acid does not 
affect il;, hence it does not contain NH^. 


S al t S.-C. lI.IvN ,0.,.- CJI^AgN^O*. Not 
affected by boiling HCl, or KOH. 
Azimido-toluene C,H,N, i.e. 

N 

cn..c.H,<[^|\NH or 

[83°]. (323°). From aqueous tolylene-o-diamine 
sulphate and KNOj (L.). Prisms containing 
(from toluene). V. sol. alcohol, m.‘ sol. 
ether and boiling water. Not affected byHClAq 





m 


it 160 ^. B'HOl : decompoMd by water. 

Aeetyl derivativt 0,H,AoN,. [180®]. 
From aoetyl*o-tolyIene diamine, HOI, andNaNOj 
(Boessneck, B. 19, 1758). Needles. 

(i9)-ABimido-benzoio acid - CiHiNjOj i.e. 

xNH 


CO^H.C.H: 


y \ 

^ 3 \ I ur v>u«n.v>^xi3v 

\n/ \n. 

From the hydrochloride of di-amido-benzoio 
acid, C0,H.C,H3(NH,),, [1:3-11 and KNO, (Gricss, 

B. 2, 436). Also by the action of boiling potash 

upon C,H3(COJI)(NO,)(Nfl.CO.N]T.) [1:3;4J and 
upon C«H3(C0..H)(N0,)(NILC0.NH3) [1:4:3J 

(Gricss, B. 1.5, 1880). This seems to indicate 
the symmetrical formula. Short needles, con- 
taining water of crystallisation ; v. si. sol. water. 
Not attacked by warm fuming UNO,. 

(7).Azimido-benzoic acid. Prepared similarly 
from CO,H.CJl3(NH,), [1:2:3]. Long hair-liko 
needles (G.). 

Azimido-benzeno-y-carboxy lie ether Cgll.iNjO^ 
.Nv .N.CO.Et 

i.c. C,H,< I V.CO..Et or C.H [ ’ . 

\n, 

[73®J. From the hydrochloride of o-amido-plienyl 
carbamic ether and KNO^ (Eudolph, B. 12, 
1295). 

Phenyl-azimido-naphthalcne 

I [108°]. Fine white needles. 

Soluble in hot acetic acid, sparingly in alcohol 
and benzene. Formed by oxidation of benzeno- 
azo-(j8)-naphtliylamine with CrOj in acetic acid 
solution. It is not attacked by strong ILRO,, 
acetic anhydride, or reducing agents (Zincke, B. 
18, 3136). 

o-Oxy-phenyl-azimido-naphthalene 

I >N.C,H,(OIl) [1:2] [140°]. Whito 

silky needles. Easily soluble in alcohol and 
benzene. Formed by oxidation of an alkaline 
solution ofo-oxy-bcnzene-azo-(j8)-naphthylamine 
with lead peroxide. It is not attacked by strong 
H3SO4, acetic anhydride, acetyl chloride, or re- 
ducing agents (Z,). 

p-Oxy-pbenyl-azimido-naphthalene 

yNv (1) (4) 

C, oH.C I )N.CJI.,(OH). [199°]. Thick crystals 

\n/ 

or white needles. Soluble in hot alcohol and 
hot acetic acid, sparingly in benzene. Formed 
by oxidation of an alkaline solution of p-oxy- 
benzene-azo-()8)-uaphthylatninc with lead per- 
oxide. It is not attacked by reducing agents. 
Acetyl derivative' 

C,„H / 1 \n.C,H,(OAc) [165°] ; thin sillcy 
plates (Z.). 

Tolyl - azimido - toluene CnHiaNj i,$, 

0 I ]>NC,H,. [125°]. V.D. = 7-23 ^tor 8-32). 

Formation. — 1. By oxidation of p-toluene- 
o-azo-p-toluidine [1:4] C^H^Me.Na.CgHgMejNli.) 
[4:1:2J.~2. By heating the imide of o-diazo- 
toluene-azo-toluene or by boiling its acetic acid 
iolatiooi N| being evolved.— 3. Together with an | 


Nil or C03H.C,n3i 


A 


amido-phenol or diamine by reduoing with SnGI, 
the azo compoande obtained by combining 
o-diazo-toluene-azo- toluene with phenols or 
amines (Zincke a. Lawson, B. 19, 1455 ; 20, 
1178). 

Properties.— Thin colourless plates, Sol, 
benzene, hot alcohol, and hot IIOAo. Not 
attacked by hot Ac.O, cold ILSO<, or reducing 
agents. 

AZINES. Compounds of tlio typo 
✓Nv 

X'\ I ^Y". Thus, phenazino may bo repre- 
\n/ 

sonted by the formula 

GII N CII 



and the nomcnclaturo of other azincs may be 
gathered from two examples (llijisbcrg, B, 20, 21). 
/N\ 

Phen-naplithazineCJI,^ | >C,oTI,. 

Tolu-naphthazino C,h/ I \c,olI- 
\n/ 

Derivatives of quinoxaline 
CII ^ N 

uc^X^rNcii 



CH N 

are called quinoxalincs, e.g. tolu-fiuinoxalino 
,N— CH 

I ll_ » and naphtlio-quinoxaline, 


^N-CH 


.N-CH 
Cioll/l II 

\n-cii 


Formation. — 1. From o-diaminos and o- 
quinones or o-di-oxy- compounds. — 2. By oxida* 
tion of a mixture of o-diamine and phenols (e.g. 
(^)-naphlhol). — 3. By boiling certain azo-dye- 
stiilTs, derived from secondary amines, with 
dilute acids; s.y.sulpho-bcnzeno-azo-phenyl-()8). 
naphthyl-amine yields naphtho-pheiiuzino and 
sulphanilic acid C„H^(S03H) N3.C„H„.NHC,H, - 

C,.H.<§>C.H, + C.H,(SO.a).NH, (Witt, B. 

20, 571).— 4. By fusing o-quinones with ammo* 
nium acetate, or by heating them with alcoholio 
Nn,(Japp, (7./. 51, 100). 

Pro 2 )erti€s.— Weak crystalline bases ; their 
salts being decomposed by water, lleduced by 

SnClj to hydrides, whence Fc^Cli 

regenerates the original azine. 

Azine>ammoniaxn bases. Compounds of thi 
yNV 

form X'\ . They have also been called 

\NR(OH) 

Azonium bases (Witt, B. 20, 1183), a term pre« 
viously applied by Fischer to quaternary hydra- 
aine derivatives. 
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Azmstjocmc aoid. 


AZUrSTTOCIHIO ACID 

(00^)j0aH2;N.N:C2H,(C0j,H)^ Crystalline 
solid. Very soluble in water and alcohol. Not 
decomposed by acids or alkalis. The ethers of 
this acid are obtained by the spontaneous de- 
composition of the ethers of diazosuccinio acid 
CaH^NaiCOJl).^ on keepiii'', half the nitrogen 
being evolved. A''13aj: sparingly soluble yel- 
lowish-white i)owdcr. 

Tctra -viethyl - ether A'^Me^: fl50®]; 
silky white prisms ; easily soluble in hot water 
and alcohol, sparingly in cold water, alcohol, 
and hot ether; not volatile with steam (Curtius 
a. Koch, B. 18, 1209). 

AZO-ANILINE v. Amido-benzene-azo-anilino 
under Azo- compound.s. 

AZO-BENZENE v, Benzene-azo-benzene 
under Azo- coMrouNDS. 

TRIAZO-BENZENE and its derivatives v. 
Diazo BKNZKNK aiid its derivatives. 

AZO-BENZOIC ACID v. Carboxy-benzene- 
azo-bonzoio acid under Azo- compodnus. 

AZO- COLOURINO MATTERS. 

History . — The series of compounds comprised 
under this class cojitain.s one or more diatomic 
groups ‘NjN* linking together acid or basic aro- 
matic radicles. Of a voi'y large number of azo- 
compounds known to science only a certain pro- 
portion are of technical value, and these are 
manufactured in largo (piantities owing to their 
importance as colouring matters. The first 
azo- compound introduced into commerce was 
the oxalate of amidoazobenzene (‘ aniline yel- 
low,’ V. beiizenc-azo-anilinc), 0 «Hi.N.i.C«H 4 .NIL, 
inanufacturcxl in 180, 'J by the firm of Simpson, 
Maulo & Nicholson, by the action of nitrous gas 
on aniline dissolved in alcohol. Tlirce years later 
triamidoazohonzeno, NH,.C 6 H,.N,,C«H,,(NU ,)2 
(y. Aniido - benzene - azo - phcnylene - diamine 
under Azo- compounds), was manufactured at 
Manchester and introduced under the name of 
‘ Manchester brown ’ (‘Bismarck broAvn,’ ‘ Plumy- 
leno brown,’ ‘ Vesuvine ’). This compound was 
prepared by the action of nitrous acid upon m- 
phenylone-diamine. In 18715 diamidoazobenzeno, 
(u. Benzene-azo-plienylene- 
diainine), was discovered independently by Caro 
and Witt {B. 10, 21H, 9150) and introduced into 
commerce by the latter under the name of 
‘ chrysoidine.’ Tbeso basic colouring-mattcis 
were soon followed by acid azo- compounds of 
greater technical value [B. 10, 1,978, l.'50y), and 
iiuincrous patents have since that time been 
taken out, tbo general mode of preparation being 
similar in principle to that first employed in 
1870 by Keknl6 and' ifidogli (B. 9, 233). Tliosc 
are the chief point.s in the industrial history of 
these compounds; the chemical history wdll bo 
referred to under the individual compounds. 
Azobenzenc, (u. Benzene-azo-ben- 

aene), which may bo regarded as the prototype 
of the azo- compounds, has been known since 
1834 (Mitscherlich, A. 12, 311), but the industrial 
development of these products is largely due to 
the researches of Griess upon the diazo- com- 
pounds {A. 106, 123; 113, 201; 117, 1; 120, 
125 ; 121,257; 137,39). The theoretical views 
which have led to the adoption of the formube 
at present generally received have been dove- 
loped chiefly by Kekul6 (Z. 1866, 2, 309, C89). 

J’ormnfioH,-— 1. Compounds of tbo azoben- 


zone type are produced by the action of mild 
reducing agents, such as alcoholic potash, alco- 
holic KOH and zinc dust, iron and acetic acid, 
or sodium stannite, upon the corresponding nitro- 
bodies : 2 C.,H,.N 02 + 411, = CJI^.N^.C^Ha -f- dH^.O. 

2. By the oxidation of the corresponding 
amido-dcrivatives by potassium permanganate, 
bleaching poivder, chromic acid, liydric peroxide, 
Ac., thus : 2C,II,.NH, + 0, - C JI^.N^.C^H, + 2^,0 
(Glaser, Z. [2J 2, 308). This method is applicable 
to the sulplionic acids and other derivatives of the 
amido- compounds: 2 Cfiir 3 (CII.,)IIS 0 .,.NIIj + 0.,= 
N..(C„H,.CH 3 .HxS ().,)2 + 2 I 40 [illustrating the 
production of azotoluonodisulphonio acid from 
toliiidinesulphonic acid ; Kornatzki, A, 221, 179J. 

3. By the action of etliyldichloramine 
(Tscherniak, B. 9, 147) upon certain aromatic 
aminos(c,/ 7 . 7 )-tolnidine): 2C,H..N11. ^ CJL.NCL« 
C JI,.NJLHC1 + IICl C,H,.N...C..iL (Pierson a. 
Houmann, B. 16, 1018). 

4. By the action of nilroso- compounds upon 
amines and phenols: G^Hs.NO + R.N.CuHa = 

i-II^O (production of azobenzone 
from nitrosohcnzcnc and aniline ; Baoyer, B. 7, 
1638). Similarly no.C,II^.NO + H..N.C,Hi= 
IIO.CuIIi.No.C^Hjj + II.^O (production of benzene- 
azophcnol from nitrosophenol and aniline; Ki- 
mich, B. 8, 1026). According to Honriquos, 
substituted amidoazo-compounds are produced 
by the action of ethyI-/5-napbthylnitrosamine 
upon aniline, Ac.: N(0,„n,)Et.NO + H„N.aiL« 
N(C,aIIj)Et.(N,_;.C,iH 5 ) h-H^O. The diazo- com- 
pound immediately becomes transformed into 

the isonierio benzenoazo-othyl-/3-naphthyl-amine, 
C,.IT,,.N 2 .C,uH,..NIl.Et \B. 17, 2668, v. also 0. N. 
Wilt, B. 10, 1309). Amidoazobenzene reacts 
in a similar manner with the same nitrosamine 
fonningOJf,.N...C,,l{,.N 2 .C,„H,;.NH.Et. 

5. From azoxy-compounds by intramolecular 
transposition, such as the formation of oxy- 
azobenzono (bcnzono-azo-phenol) by warming 
azoxybeiiznno with strong sulphuric acid 

CJIj-N 2 .CeII^. 01 I ( Wallach a. Belli, 

B. 13, 525). 

6. By the action of phenyl hydrazine upon the 

naphtluKpii nones : CjoH^Oa + H..N.NIl.C„Hj « 

^ -flljjO. The naplithoqui- 
nonehydnizide then undergoes intramolecular 
transposition with the formation of an azo- 
compound: HO.C,yH,;.N:N.Cfih[ 3 . The compound 
thus obtained from (c')-naphthoquinone is iden- 
tical with bonzeno-azo - (a) - naphthol, while 
(^)-naphtlioquinone gives a comimimd which ia 
isomeric and not identical with benzenG-azo-(i8)- 
naphthol (Ziiickc a. Bindewald, B, 17, 3026). 

Breparation. —The method in general use for 
the preparation of azo- colours is that depending 
ui)on the readiness with which diazo- compounds 
react with amines and phenols. In practice it 
is not necessary to isolate the diazo- salt, but the 
amido- compomid wliich is to bo converted into 
a diazo- salt is treated with the necessary quan- 
tity of sodium nitrite and acid to diazotise the 
NH, group, and the solution of the diazo- salt is 
then mixed with the solution of the amine ia 
acid or the jfiicnol dissolved in alkali. During 
the process of diazotising, the solution contain- 
ing the ainido-compound must be kept well 
cooled, as the diazo- salts are very unstable, 
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. HpeoiAllyin aqueous solution. Most aromatio 
amido* compounds lend themselves to this re^ 
action, the azo- colours of commerce being pro- 
duced by the action of diazotised amines, 
amido-sulphonic acids, or amido-carboxylio acids, 
upon aminos, phenols, amido-sulphonic and 
oxy-sulphonic acids. A soloctioii of typical re- 
actions illustrating the formation of these com- 
pounds by the present method may be here 
. conveniently discussed : 

: (o) When a salt of diazobenzene acts upon 

^%nilino the first product of the reaction is 
always diazobenzenoanilide(diazoamidobenzenc); 
C«HvN,.Cl + C,H,.NH, = C«H,.N,.N1I.C,H, + HCl. 
The latter compound was first produced by the 
action of nitrous gas upon aniline dissolved in 
cold alcohol (Griess, id. 121, 258). When allowed 
to stand in the prc.scnco of anilino and aniline 
hydrochloride, or when acted upon by hydro- 
chloric acid or unslablo metallic chlorides in 
the cold, the diazobonzencanilido is slowly 
. converted into the isomeric amidoazobenzene, 
C6H..N,^.C,iH,.N]L. Tliis last compound is manu- 
factured on a commercial scale for the incpa- 
ration of other azo- colours and the indulinea 
{q. ■«.). In the case of other amines in which 
the para- position with respect to tlie NIL group 
is open (or tlie ortho- position in tlio miphtlia- 
Icne scries), the transformation of diazo- into 
amidoazo- compounds take.s place with great 
readiness. Thus, by the action of nitrous acid 
upon 0 - and in- toluidino, wi-xylidino and the 
naphthylamines, amidoazo- compounds are at 
^ once formed. 

(6) Tlio salts of the aromatic diazo- com- 
pounds react with primary and secomlary mon- 
amines, but not with tertiary monamincs of the 
fatty scries. The resulting products are dia/.o- 
compounds, such as CuII..N2.NH.C.,H3 (diazo- 
benzene-ethylamide) and C„Hj,.N2.N(CIl3)2 
(diazobenzcnedimcthylamide). The diazo- com- 
pounds of this class do not furnish isomeric 
azo- compounds (Hacyer and Jiiger, B. 8, IdS). 
True azo- compounds of a mixed aromatic atid 
fatty type arc produced by tlie action of diazo- 
compounds upon the sodium derivatives of 
nitro-hydrocarbons of the fatty scries, c,q. 

C«H,N,..NO, + NaC,n,.NO.,-» 
GjlyK,.C,H ,.N Og + NaN 6, 

(formation of benzoneazonitroetliane, V. Meyer 
and pupils, B. 8, 751, 107:1, 1078 ; 0, HSi ; 12, 
2285). 

(c) Diazo- compounds always furnish Iruoazo- 
compounds with secondary and tertiary aro- 
matio monamines, such as CJlyN2.C,iII,.NMo2 
(benzene-azo-dimcthylaniline) by tlie action of 
diazobenzene upon dimethylanilinc (Griess, B. 
10,528),andC„H,.N2.C,il,.NIl.C,Il,(benzcne-azo. 
diphenylamine) by the action of diazobenzene 
upon diphenylamine (Wilt, B. 12, 250, and C. JT 
85, 185). 

[d) The action of diazo- compounds upon 
aromatio diamines is typified by the action of 
diazobenzene-chloride upon 77t-diamidobonzene 
to produce chrysoidinc : CJIj.Nj.Cl -f- C,jH<|(NID2 
=:C^H3.N2.C,iH3(NIl2)2.HCl. Nitrous acid gives 
with ortho-diamines a class of substances termed 
by Griess azimido- compounds : 

+ UNO, = C.H,<|>NH + 20a, 
(Hofmann, A. 115, 249 ; Ladenburg, B. 11,319; 


Rudolph, B. 12, 1296; Griess, A 15, 1878). 
Metadiaminea give under the same oiroum- 
stances compounds of the type of triamidoazo- 
benzene (Bismarck brown)2CJl4(N 112)2 + HNOj®* 
(NH.)C,H4.N...C,H3(NIl2)2 4 211,0(Caro a. Griess 
Z. 1867, 278). ily acting with an excess of 
HNO.2 upon p- and 771- CuH4(NH2)2 in acid 
solution with suitable precai!ti(’ns both these 
diamines can bo diazotised and give azo- colours 
when combined with phenolii (Griess, B. 17, (507 
and 19, 317). 

(e) The formation of azo- colours from dlazo- 
compoimds ami phenols as illustrative of the 
gonoral method of technical production is shown 
by Ihfi following typical examples: C,II-,.N„.NO, 
+ C«H,.ONa - C«II,.N2.C,.H ,.GJ1 4 NaN O:,’ 
(benzeneazophenoi from diazobenzene nitrato 
and sodium phenato: Kekul6 and llidogh, B. 
3, 233). By a similar reaction would bo formed 
such compounds as bonzeneazoresorcin, 
C«H,.N2.C,H3(0]l),.(Typko, B. 10, 1570), benzene- 
azo-(a)-naplithol, CsIlj.Nn.CjoIL.O Ha, Ac. [ibid, 
1580). Azosulphonio acids arc formed by the 
action of diazosnlphonic acids upon j)hLMiols, or 
by theaction of diazo- salts upon phcnolsulphotuo 
acids, thus, for example, p-sulphobenzeno- 
azo-j8-naphthol (Poirrier’s ‘Orange No. II.’), 
HS03.C«H4.N2.C,on,j.Onj8 from diazo - benzene 
sulphonic acid and sodium (;8).iiaphtho)ato ; 
benzene- azo -(/8)-naphthol disuljdionio acid, 
C6ll4.N2.0,oH4(HSO;,)...OH3 from diazo-bonzene 
and ()3)-naphthol sodium disulphonato (‘ Orange 
G,* Mcister, Lucius a. Bri'ming), or p-sulpho- 
benzeiio - azo - (i3) - naphlhol disulphonio acid, 
HS0.,.C«H4.N2.C,„H,(li803)2.0Tl j8 from diazotised 
sulphanilic acid and (i3)-naphtholdisulph()nicacid 
sodium stilt (Mcldola, B. 13, 942). 

Classification and Novicnclature.—kv,o- com- 
pounds may be described as primary, secondary, 
tertiary, &c. according as they contain 1,2,3, 
il'C. N.2- groups. The modes of formation above 
described have been illustrated by refcrenco to 
primary azo- compounds, all of which (with the 
exception of the mixed aromatio and fatty com- 
pounds) may bo regarded as derivatives of 
azobenzene, C,;Il5.N„.C^Il.,, benzeneazonaphtha- 
leno, C,.lI-.N.,.0,oH, and azonaplitlialene, 
C,„1L.N2.C,„H„ or generally, in tho case of 
phenolic azo- compounds, ns II.N...P1, where R 
may stand for G.,!!,, Cipll,, C,.H4.nH()3, C,II,.N0.2, 
Ac., and ri for CJf^.OH, C,„IL.OH, 
C,„Hj(II 803)011, Ac. It will ho found convenient 
to write tho formulae of azo- compounds so as to 
represent the order of introduction of the 
radicles. Thus, C,;lL.N,2.C«H,.OH indicates the 
product from diazobenzene and phenol, and 
would bo described as benzene -azo-phenol; 
C,iII,(HS03)N2.G,„IL.0Ila is p - Bulphobcnzene- 
azo-(a)-naphthol, obtained by the action of 
diazotiscd-sulplianilic acid upon (B)-naphthol j 
while C„H3.N2.C,„Hi(H 803)0110 is the isomerio 
benzene-nzo - (a) - naphtholmonosulphonio acid 
obtained by tho action of diazobenzene upon 
(o)-))aphlholmono8ul phonic acid. The same 
rules may be followed with tho more complicated 
typos of azo- compounds ; thus, for instance 
CgIIvN.2.C^H4.N2.CgH3(OH),2, benzeneazobenzene- 
azoresorcin obtained by the action of diazotised 
amidoazobenzene upon resorcin; in like manner 
CaH4.N2.C,H,.N2.C,H,(OH)2maybe called benzene- 
azotolucnc-azoresorcin by the action 9 ! diazotised 
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benzene-azoamidotoluene upon reZoroin; and 
C.HyNj.C«H 5 (OH)j.N,.OHHj, benzeneazodioxy- 


of two diazobenzene-groups into resorcin, 
Secondary and tertiary azo- compounds of the 
typos (It.Na).?!'', and (R.Ng),!*!'" have been 
termed by Wallach dimzo- and trisazo^ com- 
pounds {B. 15, 22 and 2812 ; v. also Heumann, 
ibid. 8i:i). 

Secondary and tertiary azo- compounds. —Tim 
typical secondary azo- compound of the typo 
(R.N.,),^Pi"iB the so-called* phenolbidiazobenzene,’ 
(C«HyN,,),:C«n3.0H, discovered by Griess {B. 10, 
628). Compounds of this class are formed by 
the successive introduction of two diazotised 
radicles into a phenol. The resorcin secondary 
azo- compounds have been especially studied by 
Wallach {li. 15, 22; Wallach a. 13. Pischcr, 
2814), and the cresol compounds by Nolting a. 
Kohn {B. 17, 351 ). Analogous amido- compounds 
of the type (K.NJ .:CJL(N1I.)... have been ob- 
tained by the introduction of diazotised radicles 
into chrysoidino (Griess, B. 10, 2028). Secon- 
dary azo- compounds of the typo It"(N.^.Pl )2 have 
been obtained by Wallach by acctylating one 
amido- group in a diamine, diazotising the 
acetdiamido- compound, and combining with a 
phenol 80 as to produce a compound of the typo 

^^'KnIi'ac' 

moved, the NH.-group diazotised, and the diazo- 
compound cJ again combined with a 

phenol {B. 15, 2825 and Wallach a. Schulze, 
ibid. 3020). The metndianiincs appear to lend 
themselves most readily to this method. The 
most direct method of preparing secondary azo- 
compounds of this class is by diazotising both 
amido- groups in a p- or w-diaminc, and then 
acting with the product upon a phenol or phe- 
nolsulphonic acid (Griess, /*’. 17, 607 and 10, 
817). Another method of obtaining secondary 
azo- compounds of those types is by diazotising 
a p-nitramido- compound and combining with a 
phenol or secondary or tortiarv amine so as to 
produce >lt).^.ll".N.„Pl or >10.„U",N...ll".Nl{,. 
The nitro- group is Ihen reduced, the ainido-azo- 
compound diazotised and again combined with 
a phenol, (tc., thus producing ll"(N.^.ri)j, 

Ac. (Middo)a, C. J. 43, 425; 45, 

100 and 47, 657). If the nitro-azo- compound 
is combined with a inonumine and the nitro- 
group reduced, a diamidoazo- comi)ound of the 
typo NIL.U".N.m 11"-N1L is produced in which 
both amido- groups <‘an be diazotised and com- 
bined with phenols so as to form tertiary 
azo- compounds, ri.N_..ll".No.lV'.N.j.Pl {ibid.). 
Secondary azo- compounds of these types are 
also formed by reducing p-nitraectanilide, 
diazotising and combining with a phenol or 
amino so as to produce azo- compounds of the 

type Tlie acetyl group is then 

removed, the amido-azo- compound diazotised 
and again combined with a phenol (Nietzki, B. 
17, 343 and 1360). 

SiHoudary azo- comiiounds of the type 
B'.N._;.ll".N.^.Pl are obtained by diazotising amido- 
azo- compounds and combining the diazo-azo- 
B^t with phenols. The typical compound, 


0,a.Ny0^4.Na.l3;Hv0H, was first prepared 
by Caro and Senraube (B. 10, 2280) and several 
members of this group have since been intro- 
duced into commerce under the names of 
* Biebrich scarlet,* ‘ Croceine scarlet,’ Ac. These 
scarlets are of considerable technical import- 
ance, especially the latter, which are pre- 
pared by the action of diazotised amidoazo- 
bcnzenc-sulphonio acid and its homologues 
upon (/8).naphthol-(a)-sulplionic acid. By the 
action of diazotised amidoazobenzeno upon 
chvysoidine a tertiary azo- compound of the typo 

is formed (Griess, B. 

16, 2036). Secondary azo- compounds of some 
importance have recently been in’opared by 
diazotising dianiidodipbrnyl (benzidine) and 
its homologues and combining the totrazo- 
salt with phenols, aminos, and their sulphonio 
acids; of these colouring matters ‘ Congo red,’ 

j as a typical example. Tertiary azo- compounds 
i derived from triphenyl -carbinol are obtained by 
j diazotising the ro-saiiilinos and combining with 
I phenols (Meldola, C. J. 17,668). 

I Conslituiion of Azo- compounds. When a 
diazo- compound combines with an amine or 
i phenol to form an azo- compound the N.^-group 
i invariably takes up the para- position with 
respect to the NH.., NllJt, Mll^* or HO, if this 
I position is open. Tlic proof of the constitution 
I of azo- compounds is furnished by the products 
; which they yield on complete reduction. Thus, 
amidoazobenzene, CJJyN.^.C,,H 4 .NH.^, gives on 
reduction aniline and p-phenylenc-diamine ; 
i chrysouliue gives aniline and (1, 2, 4)- triamido- 
j benzene (Witt, B. 10, 658). The coi»stitiition 
} of some of the azo- compounds obtained by 
■ combining diazosnlphonic acids with phenols 
! has boon establislied by Griess {B. 11, 2191). 
The constitution of the azo-miplithol colours 
has been determined cliinlly by Liebermann and 
his pupils {B. M, 1310 and 1795; Jacobson, 
ibid. 179 1 ; also Witt, C. J. 36, 179). When diazo- 
compouiKl.s act upon substituted plienols, such 
as salicylic acid, the N.^-group also takes up the 
l)ara- position with respect to the HO-group 
(P. F. Frankland, C. J. 37, 746); thus (a), 
naphthalencazosalicylic acid gives on reduction 
a-C,„IL.NH, and C,H 3 (HO){NH.JCO,H [1:4:2] 
W'hen the para- position with respect to the 
Flh, or ITO-group is already occupied the Nj- 
group enters the ortho- position (Nolting a. 
Witt, B. 17, 77 ; Liebermann a. Kostanecki, 
ibid. 130, 876 ; Griess, ibid. 338 ; Nolting and 
Kohn, ibid. 351). This law holds good also 
when the para- position is occupied by an azo- 
gj:oiip, as in the formation of (C<jHj.Nj)^:06Hj.OH 
from bcnzeneazoplicnol by the introduction of 
another C6Hj.N.^-group (Nolting a. Kohn, B. 
17, 368). In the case of the Js) -naphthalene 
derivatives the N^-group also enters the ortho-(a|. 
position with respect to the hydroxyl or ami- 
dogen group. Thus (jS) - naphthol orange, 
HS 03 .C«H 4 .Nj.C,oH«.OH, gives on reduction 
sulphanilic acid and (a)-ainido-(jB).naphthol,the 
latter yielding (J3)-napbthoquinone on oxidation 
(Liebermann, B. 14, 1310). Similarly the azo- 
derivatives of (jS)-naphthylamine yield o-diamido> 
naphthalene (NHj,:NHgB«| : on reduotioil 
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(Lavrson, B. 18, 796 and 2492). The fact that 
Biich compounds as bonzeneazo>(3)*naphthol are 
insolublo in cold aqueous alkalis has led Liobcr- 
mann to the suggestion that these compounds 
no longer contain HO, but possess the formula 

C,H,.N<™>C,on, (B. IG, 2858). A similar 

conclusion has been suggested by Meldola with 
respect to the (j3)-naphthylamine derivatives, for 

which he proposes the formula 

thus indicating a relationsb’p to the azimido- 
compounds above referred t.) (G. J. -15, 117). 
This conclusion is supported by the investiga- 
tions of /^incko and his pupils (B. 18, 3125, 
3132 and 3142). This author has shown that 
these (/3) -naphthalene, as well as other ortho- 
amidoazo- compounds, can be oxidised to com- 

pounds of the aziniido- type, R.N^ ( and 

he suggests for them the alternative formula 
IIN. 

I yC,„IIg. According to a recent 
ll.NH -N / 

paper by Nietzki a. Goll {B. 10, 1281) it 
appears, however, that amidoazo-(i8)-nuphthaleiio 
contains an MH^-group, or at any rate can be 
diazotised under certain conditions. There can 
be no doubt that tlio (piestion of the constitution 
of the azo- compounds is mue.b more complicated 
than was at first supposed, since by the action 
of diazo- comj)ounds upon phenols two isomeric 
a./.o- compounds maybe formed at the same time, 
tlie isome.rism probably depending upon the 
position of the ll.Ny-groups with respect to the 
110 as well as upon the formation of bodies of 
the oximido- typo. This a})pears to bo tlie ease 
especially with the azo- derivatives of resorcinol 
(Wallach, B. 15, 22 and 2HI1). 

Qcneml properties and technohrpp- The indi- 
vidual azo- colours will bo described under their 
respective headings, so that it will be only ne- 
cessary here to give a brief account of the 
general characters of these colouring mutters. 
The parent azo- compounds, C,ilJ,,.N^.Ottil., 
CaHj.N^.Cjull;, 0,i,Mj.N..C,„ll„ although pos- 
sessed of colour are not of any value as dye- 
stuffs ; it is only when acid or basic radicles are 
present in one or both aromatic nuclei that true 
colouring matters are formed. The colours pro- 
duced by tliese comi)uund3 are of various slnules 
of yellow, orange, brown, red, scarlet, indigo- 
blue and violet. No pure blue or green azo- 
compound is known. Of tJio basic in’imaryazo- 
eompounds, amidoazo-benzene, ebrysoidine, ami 
* phenylene brown,’ show a gradation in shade 
from yellow through orange to brown. The two 
last compounds are now alone of technical 
value. Among the acid azo- colours a regufar 
gradation of shade is also observed vntli the 
increase in molecular weight. This is well seen 
in the colours produced by the action of diazo- 
benzene and its homologucs upon the naplithol- 
Bulphonic acids, the lowest members of 4he scries 
being orange, and the highest members scarlet 
of an increasing shade of blueness. The acid 
primary azo- compounds are dyed from acid 
baths and have great affinity for silk and wool, 
but do not readily dye cotton without the use of 
mordants. Primary azo- colours as a rule dis- 
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solve in strong aulphnrio acid with a red or 
orange colour. Azo- colours can be produced 
directly in the fibre of cotton by impregnating the 
latter with a phenol and a diazo- compound, and 
then developing by means of an acid (T. Holli- 
day, S. G. L 4, 204). A similar process liaa 
been described by Grassier {S. C. I. 4, 202) who 
uses the nitrile in the form of an auinioniuni 
I salt or in combination with ammonium salts, 
! so that on licating the impregnated fabric the 
j nitrons acid is liberaf'Hl in the i)resence of the 
amine and phenol, and the colour is developed 
j without the use of acid. Oxyazo-eompounds, 
which are not snlphonie acids, and which arein- 
' soluble, can be made soluble by warming them in 
j aqueous or alcoholic solutions of bisul])hiles. A 
I sol ubl(! double compound is thus formed which is 
I decomposed on heating with the liberation of the 
j colouring matter so that the process is especially 
api)licable for calico printing (Meist('r, liucius 
a. Jh-iining, B. 17, 452). Tlie secondary azo- 
colours derived from diazotised aniidoazoben- 
zene and its homologucs in combination with 
naphtholsulphonic acids are scarlets of greater 
tinctorial power and purity tliaii the primary 
azo- scarlets, and possess a certain affinity for 
cotton, especially the ‘croccine scarlets ’ already 
refei H'd to. The secondary azo- colours derived 
from diazotised benzidine (‘ Congo red * series) 
and its liomologues are reds or yellows which 
also possess a certain affinity for cotton, but 
many of these colours are too sensitive to acids 
to be of much use technically. Tlu^ stability of 
these C(dours is increased, however, by using the 
In'gher liomologues of benzidine. Jt is only 
among secondary azo- compounds that truo 
sluidc.s of violet and indigo blue are found 
(Nietzki, B. 17, 314 ; Meldola, C. J. 47, (>G5). 
Some of these blue shades are now met with 
in the market, a typical compound of the class 
being a salt of ditolyltetrazo-{/3)-naplillioldisul- 
I pbonio acid, 

Cd[,N.,C,jr,(nS03){0H);3 
CJJ.,N,.C,..1I,(11.SU3)(0H))3 
: Uaycr A' Co.). Secondary azo- compounds dis- 
solve as a rule in strong sulplmric acid with « 

I violet, blue, or green colour. The tertiary azo- 
compounds have but little tinctorial value. For 
obsm vations on the absorption spectra of azo- 
colonrs see papers by H. W. Vogid (B. 11, G23), 
Landaner (B. 14, 3yi), and Stebbins (Am. G, 117 
and Mlt). li, M. 

AZO- COMPOUNDS, ( K also A/o- colouiiino 
I jiattj:i:s and Di-azo- compounjih.) The noinen- 
{ clalure of these comjjonielH is based on the 
j following rules. Imagine N.^ displaced by 11^ and 
I the compound to break up accordingly, one H 
■ going to one half and i<ne to the other. If both 
' the resulting compounds are aromatic, name tlse 
: compound richest in carbon according to the 
rules followed in this dictionary, and prefix azo- 
: to the name. Before azo- write the name of tlie 
; hydrocarbon from which the other lialf of the 
; molecule is derived. Then prefix nil the sub- 
stituents of the latter so that they may follow 
ono another in this order: chloro-, bromo-, iodo , 
cyano-, nitro-, oxy-, amido-, sulpho-, and car- 
boxy-. When both halves of the azo- compound 
contain the same number of atoms of carbon, 
then the half which contains CO H is put last. 
If neither contain CO.^H, the one oontairiiag 
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80 «H oomes last; it neither contain this, pre- 
ferenoe is given to OH, NH^, NO^, Br, or Cl, 
in succession. 

If one half of an azo- compound is derived 
from a fatty hydrocarbon the naino of this half 
is written last. 

The compounds obtained by the action of 
diazo- compounds upon ()8)-naphthylamiue, (3)- 
naphthol, or more generally upon amiclo- or oxy- 
oompounds in which the p-position is already 
occupied, arc described as if they were ordinary 
azo- compounds. It is, however, not improbable 
that they may have a different constitution. 
Thus the compounds obtained from diazo- com- 
pounds and (3) - naphthylaminc behave like 
diazoamides in their decomposition by acids 
into (/3) -naphthylaminc, a phenol, and nitro- 
gen; but act on reduction like amido- azo- 
derivatives giving (1:2) - naphthylene- diamine 
and the amino. Three views may be taken with 
regard to the constitution of these bodies : — 
(1) That they are true diazoamides; (2) that 
they are o-amido-azo- derivatives ; (.*{) that they 
are hydrazimido- compounds, i.e. dihydridcs of 
azimido- com})ounds. 

The first hypothesis easily explains their de- 
conijmsition by acids; and their reduction to 
naphthylene- diamine might bo accounted for 
by assuming an intermediate change into the 
amido-azo- compound. However, the fact that 
a different isomeric body is foKined by diazo- 
tiaing (i8)-naphthylamine and combining it with 
the other amino does not agree with tliis view, 
since compounds of the form X.N„.NIIY and 
Y.N 2 .NIIX are always found to be identical. The 
other reactions of these bodies are also incon- 
siaient with this hypothesis. The hypothesis 
that the compounds are o-amido-azo- derivatives 
does not readily account for their behaviour on 
oxidation, which tends to show that they do 
not contain an NH^ group. 

The third liyiiothcsis leads to the formula 

MTT 

C,.n/| or C,.II.<”">NK. 

'N.NHU 


It is strongly supported by the fact that on 
oxidation tliesc bodies give rise to white crystal- 
line aziniido- compounds, which ijrobably have 


the constitution 



NR, analogous to 


✓J 

Griess’s azimidobenzone ( ^NH obtained 


.N\ 

l> 


ooidt might also be explained as a change inverse 
to the above, resulting in the formation of the 
diazo-amide, which would then be decomposed. 
The or^/»o-amido-azo- derivatives of the benzene 
series would also seem to be similarly constituted, 
for on oxidation they also give colourless crystal- 
line azirnido- compounds. 

Apparently opposed to the hydrazimido- 
hypothesis, is the behaviour of these bodies 
towards nitrous acid, which converts them into 
diazo- compounds. In many points, however, 
these diazo-compounds greatly differ from the 
ordinary diazo- compounds, and their constitu- 
tion may possibly bo expressed by the formula : 
/N.N.OH 

R \ I I , which would represent their form- 
\n.N.R' 

ation from hydrazimido- compounds. By 
SnCIj or SO 2 these diazo- compounds are not 
reduced to hydrazines but to non-basio stable 
bodies which probably have the constitution 
.N~NH 

R'\ I I . The o-diazo-imides readily lose 

\n-n.r' 


Nj 5 on heating and are converted into azimido- 
compounds R"^ | ^N.R' identical with those 


obtained by oxidation of the o-amido-azo- com- 
pounds. On the hydrazimido- liypothesis the 
body derived from diazo-benzene and phonyl- 
(/3)-naphthylamine would be represented by the 
/N.OA 

formula CjoIIflC | which agrees with its 

reactions. Thus cone. IICl removes aniline, 

forming an azino C,oHu^ | yCgll^, while oxi-- 

dising agents produce a powerful ammonium 
base C,„H„N,(C,H,),OH (Moldola, G. J. 45, 107 ; 
Nulting a. Wilt, B. 17, 77 ; Lawson, B. 18, 796, 
2122 ; Sachs, B. 18, 5125 ; Zincke, B. 18, 3132, 
3142 ; Zincke a. Lawson, B. 19, 1152). 


Debckiption of Azo- compounds. 
Acetophenone-azo-(/8)-naphthol [4:1] 
C.,H,(C 0 .CH 3 ) N,,-C,„H,(0II). Formed by di- 
azotising ^j-amido-acetoplienone and combining 
the diazo- compound with (/8)-naphthol in alka- 
line solution (Klingel, B. 18, 2095). Slender red 
needles. V. sol. alcohol, si. sol. ether, insol, 
water. Dyes silk a dull red. 

o-Amido-benzene-azo-aoeto-acetic acid 


by the action of n'trous acid on o-phenyleno- 
diamine. The corresponding compounds from 
(/3)-naphthol and diazo-salts may also be ob- 
tained by the action of hydrazines upon (3)- 
naphtho<iuinone, and hence may be represented 
in a similar manner by the formula) 

The formation of hydrazimido- compounds 
Irom a diazo- salt and (0)-iiaphthylamine can bo 
explained by assuming the intermediate forma- 
tion of true diazo - amides C,„H,.NH.N:NR, 
which by taking up HjjO (or HCl) would form 
. CioH,.NH.N(OH).NHRorCioH:.NH.NH.N(OH)R, 
and by again eluninating H.G it might give the 
wituwdrazimido- compound. Tlio decompositioQ by 


C«H,(NH2)-N.,-CH(CO.Cir,).COJI. [157°]. ^ 
Orange-red tables. Easily soluble in acetic acid, 
alcohol, ether and chloroform, sparingly in water. 
Formed by reduction of o-nitro-benzcne-azo-aceto- 
acetic acid with FeSO^ and NHj (Bamberger, B. 17, 
2420). 

p-Anudo-benzenep-azo-aniline 
C,II^(NH 2 )— N 2 -C,H,(NH 2 ). p^Azo-anilini. Di- 
amido-azo-benzene. [235°]. Long flat yellow 
needles. Easily soluble in alcohol, sparingly in 
benzene'*and ligroine. 

Preparation.—!, The mono-acetyl derivative 
of jp-phenylene-diamino is diazotised and com- 
bined with aniline, the anilide thus obtained ie 
dissolved in aniline and warmed with aniline 
hydrochloride by which it is converted into the 
mono-acetyl derivative of amido-benzene-aio 
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luiiline, which U finally saponified^-rS. From 
Hb ^-acetyl derivative which is formed by the 
action of zinc and ammonia on acetyl-p-nitro- 
aniline (Mizter» Am. 5, 282). 

The mono-acid salts are green, the di-acid 
red. needles. 

Moiio-acctyl derivative C,.Ht,N2(NIIJ(NIIAc). I 
[212°J, glistening golden yellow plates. Its salts ^ 
are red (Nietzki, B. 17, 345). 

Di-acetyl derivative [282°J (M.). 

Amido-benzene-axo -aniline 
{4:1] C,H,(NH.J-N2 -C,H,NHj [1:4]. [142°]. 
Obtained by reducing nitro-benzcnc-azo-nitro- 
benzeno [206°] with alcoholic ammonium sul- 
phide (Janovsky, ili. 6, 460). Minute plates 
(from alcohol). Salt. — Il^ILCL. This body is 
probably identical with the preceding, the melting- 
point having perhaps been misprinted. 

w-Amido-benzene-7n-azo -aniline 
{3:l]C„H,(NH2)-N2-aH.(NH2) [1:3]. From the 
nitro -compound by ammonium sulphide 
{Janovsky, M. 6, 458). Minute flat yellow 
needles with groon lustre (from alcohol). 

Amido-benzene-azo-benzene-;)-8alphonio acid 
[ 4 : 1 ] CJI,(nS0,,) ■-N:N— C.Hj.NH^ [1:1] S. -0144 

at 22°. Yellowish- white microscopic ne(3dle3 
or scales (containing a(j). Nearly insoluble in 
water, alcohol, other, and chloroform. Formed 
by the action of diazo-benzene-jj-sulphonic acid 
on aniline (to extent of about 30 p.c.). Frc- 
parod from benzone-azo-anilino and fuming 
H.SO^ at about 70°. On reduction with tin and 
HCl it gives p-phenylene-diamino and sulidia- 
nilic acid. 

Salts.-— A'NII/ ; orange - yellow plates.- 


warming the alcoholic solution of the nitro- 
compound NO,.OsH4.Nj,.CBH^.'NMe„ withammonio 
sulphide (Meldola, C. J. 45, 107). 

Projyerties.—Bnck-Tcd needles (from dilute 
alcohol). Insol. boiling water, but forms yellow 
solutions in most solvents. Kcdiicod by zinc 
dust and HCI it gives dimotliyl-^> phcnylene-dia- 
mino and ^)-phenylenc-diamine. On adding acetic 
acid to an alcoholic solution, the li(juid turns 
green, on dilution with water it becomes red. 
In cone. the solution is orange. A very 

dilute solution mixed with nitrous acid and 
exposed to the air turns blue (test for nitrous 
acid).- B"(IlCl)..PtCl4. 

Methylo -iodide . — Insoluble brown scales. 

Acetyl derivative.— Oxfii\go needles (from 
alcohol). [217°]. 

p-Amido-ben2ene-azo-(8)-iJaphthol 
[4:1] :NH2.C„H,.N:N.C„H,.0H [a:i 9 ]. Formed by 
reducing the corresi)onding nitro-compound with 
ammonium sulphide and aTiimonia. Forms a 
crimson solution in II.SO^ (Meldola, C. J. 47, 663)b 
jj-Amido-benzene-azo-(a).naphthol 
[4:1] NIF.C,H..N...C,„H«.OH [a:J3]. Formed by 
reducing para-nitro-l)cnzene-azo-(a)-naphthol in 
liot dilute NaHO with ammonium sulphide; ppd. 
hy HCl (Meldola, C. J. 47, 602). Dark brown 
powder; si. sol. hot water, v. sol. liot alcohol. 
Forms a red solution in cone. 

p-Amido- benzene -azo»(/8) - naphthol di-auL 
phonic acid. Acetyl derivative 
CJf4(NHAc) -N2 -C,oH,(OH)(S 03H).2. Golden 
gh.stcning plates. Scarlet red dye-stuff. Formed 
by diazotising the mono-acetyl derivative of «• 

...... ;i: : — j .-i .. -.i /A 


i,T. 1 phcnylcnc-diamine and combining it with (/3)- 

. n “"o.uM nai.l>tl,ol(B).di.8ulphonicacid(iiiodir.c»tion in. 

in alcohol). By Baponifioalion of th. 


Sparingly 

benzene-azo-bnnzene-p-sulphonio acid with am- 
monium sulphide. On complete reduction with 
tin and HCl it gives p-sulplianilic acid and p- ! 
phenyleno-diaraine, and hence ought, according 
to theory, to bo identical with the preceding 
compound; this, however, does not appear to bo 
the case. | 

Salts. — KA'aq: yellow triinetric plates. — : 
“NaA': needles. — BaA'Gaq: largo glistening: 
monoclinio needles. -Ca A' 4aq : yellow pearly - 


. Jiiuttcr is produced (Nietzki, B. 17, 3-11). 

2.)-Ainido>benzene-azo- (a) -naphthylamine 
[4:1]NH.2.C,II,.N...C,„H„NH.,[1:4]. [160°]. Formed 
by reducing NO.,.C„H4.N.2.C|oH^.NH2 with aqueous 
ammonic sulpliido (Meldola, C. J. 43, 432). 
Ochreous needles. Ileadily soluble in alcohol, 
acetone, benzene and chloroform. Its salts 
form crimson aqueous solutions ; excess of acid 
tlirows down the neutral salts.— Ji"(HCl)2PlCl4. 
p-AmidO'benzene-azo-o-oxy-benzoic acid 


plates.— PbA'n : monoclinic plates (Janovsky,! [4HJ NIF.CJI^ — N2—C„.H,(0H)(C0jjH) [1:4:2]. 

B. 16, 1488 ; M. 4, 270, 652). ' ’’’ 

Oi-amido-benzene - azo - benzexie-;}-Bulphonic 
acid (Nn2)2CjiH3— N.^— CjjH^.SOaH. Chryso'idinc 
sulphonic acid. Brownish-red glistening needles. 

SI. sol. water. 

Formation. — I. By combination of p-diazo- 
benzeno-sulphonic acid with 7n-phenylono di- 
amine.— 2. By sulplionation of chrysoidine. On 
reduction it gives .sulj)hanilic acid and (1:2:4)- 
tri-amido-benzone (Griess, B. 15, 2106). 

m-Amido-benzene-p-azo-di-methyl-aniline 
[8:1] C,H4(Nn.J-N2-C«H4NMe.4 [1:4]. [160°]. 

Golden laminm, sol. alcohol. Formed by the 
action of warm dilute H2SO4 on its acetyl* deri- 
vative [184°] whicli is obtained by mixing diazo- 
tised acetyl-w-tolylene-diamine with diraethyl- 
anilino (Wallach, A. 234, 263). 

p-A]mdo«benzene«azo-dimethyla&iline 
[4:1] NH-.C,H4.N2.C,H4.NMe, [1;4]. [188°]. By 


From the sodium salt of p-nitro-bonzene-azo* 
salicylic acid by reduction with ammoniuna 
sulphide. Colourless needbs. SI. sol. boiling 
water. Its alkaline solutions are yellow. Glacial 
IlOAc forms a crimson solution. Blackens at 
219°-220° C. (Meldola, C. J. 47 607). 

771- Amido*benzeiie*a zo-phenol 
[3:1] C„H,(NH2)-N2-C,H4.0H [1:4]. 

[168°]. Brownish yellow scales. Obtained by 
saponification of the acetyl derivative. 

Acetyl derivative 

C,.H4(NHAc).N2.C„H40H [c. 208 °]. Prepared by 
diazoti.sing the mono-acctyl derivative of m- 
piienylene-diamino and combining it with phenoL 
(Wallach, B. 15, 3020). 

p-Amido-benzene-azo-phenoI 
[4:1] NH2.C,H4.N:N.C,H4.0H [1:4]. [181°]. Ob. 
tained by heating p-nitro-benzene-aao-phenol 
with ammonium sulphide. Brown scales (from 

• B 2 
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water); t. sol. alcoliol.-~B'aH3PlCl, (Meldola, 
C. J. 47, 668). 

p-Amido-benzene-azO'diphenylamme 
[4:1] NH,.C„H,.N,.C,H,NHC,H, [1:4] [o. 91°]. 
Got by reducing the nitro- compound by ammonie 
sulphide (Meldol^ C. /. 43, 410). 

Properties.— q\. boI. in boiling water, v. sol. 
alcohol, acetone, chloroform and benzene, 
forming yellow solutions. HCl added to the 
alcoholic solution turns it first green, then rod. 
Solution in cone. H^SO^ is violet, turned red by 
diluting. 

Salts.- -Form crimson aqueous solutions. 
Dye wool orange. 

fn-AmidO'benzene-azo-w-phenylene-diamine 
[8:1] CJ1,(NH.,)~N,, -CJT,(NH.,)., [1:2:4]. Bis- 
marck broivn. [1.37°]. Ppd. by adding NaNO.^ 
to a neutral solution of ni-phenylenc-diamino 
hydrochloride (Caro a. Griess, Z. 1867, 27H), 
Brown plates. SI. sol. in hot water ; v. e. sol. 
alcohol and ether. Dye.s wool brown. Absorp- 
tion spectrum (Hartley, C.J. 61, 180). 

Salts .— B"211C1. -B"JL,PtCl«. 

j}-Amido-benzene-azo-phenylene-diamine 
*[4:1] 0,H,(NIL)-N,— C«H 3 (NH,), [l;2or.3:4]. 
From benzeno-azo-benzeno by nitration and re- 
duction (Janovsky, If. 6, 466). 

j7-Amido-benzene.azo-resorcin 
[4:1] NH.,.C,.H,,N:N.CJl3(OIi)2.[l:2:4]. By dis- 
solving jp-nitro-benzcnc-azo-rcsorcin in dilute 
NaHO and warming with ammonium sulphide 
(Meldola, C. J. 47, 661). Its alkaline solutions 
are red ; its acid solutions arc pale orange. — 
: silvery sealcs.— B^H-lHCl^. 

p-Amido-benzene-azo-m-xylidine 
[4:1] NH.,.C,H^,N3.0Jl.,Me,NU., [1:3:5:2] [163°]. 
Formed by reducing NO,..Cji 4 .N.^.CJI.^Me.^Nir 2 
with aqueous ammonio sulphide (Meldola, C. J. 
43, 432). Golden scales (from water). V. sol. 
alcohol and benzene. 

Salts.— The acid salts are very soluble in 
water. Excess of HCl forms an amorxjhous 
brown pp. of B"2HCl.-(B"2HCl)PtCl,. 

Amido-thiophene-azo-benzene 
CjH 4,N.^.C4H11,,.NH.,. Formed by adding diazo- 
benzeno chloride to a tolerably concentrated solu- 
tion of thiophenine hydrochloride.— B'HCl .[aq : 
yellow needlc.s, soluble in w’ater and alcohol 
(Stadler, B. 18, 2.317). 

Amide - tbiopbene- azo - benzene-p-sulphonic 
acid [4:1] C,n,(S 03 lI).N.,.C,SH,.NH 2 . Foriucdby 
combination of diazo-bciizene-p-sulplionic acid 
with thiophenine. Yellow needlc.s, red when dry. 
SI. sol. water and alcohol. Dyes silk yellow. 
(Stadler, B. 18, 2318,. 

Amido-thiophene-azo-naphtbalene 
C,oH,.N.,.C,SH.,.NH,,. Formed by adding (a), 
diazo-naphtlialone chloride to a solution of 
thiophenine hydrochloride. The hydrochloride 
forms microscopic red necdle.s, sparingly soluble 
in water and alcohol (Stadler, B. 18, 2318). 

?n-Amido-tolucne-azo-aceto-acetic acid 
[4:2:1] C„H3(CH3) (Nn.,).N„.CII(CO.Cn3).CO,JI 
[162°]. Bed glistening needles. Formed by re- 
duction of w-nitro-tolucne-azo-aceto-acctic acid 
With FeSO^ and Nil, (Bamberger, B, 17, 2421). 

Amido-tolnene-azo-amido-cresol 
[4:8:1] CJl3(CH3)(Nn.,).N3.C,H.,(CH3)(NH3)(OH). 
Oxijazo-toliiidine [212°]. Small dark - red 
needles. V. sol. alcohol and ether, si. sol. water. 
Formed from amido • toluene -azoxy-toluidio* 


G,H,Me(NHJ.N,O.CeH,Me(KH,) by intramola* 
eolar change by heating it with H^SO^ at 110 °. 
It is reduced by SnOl, to tolylene-diamine 
CaH 3 Me(NH.j 2 [1:2:4] together with di-amido- 
cresol (Limpricht, B. 18, 1406).— B"HaS 04 .— 
B" 2 HCl.~B"H 3 PtClj. 

Amido-toluene-azo-(j3)-naphthol 

[6:3:1] C.,H 3 (CH 3 )(NH.,)-N.,-C,oH„OH [1:2]. 

Acetyl derivative 

C,H 3 (CH 3 )(NIlAc)-N 2 - 0 ,oH,OH [270°]. Insol. 
water, si. sol. alcohol, m. sol. a mixture of 
alcohol and chloroform. Bed colour. Formed 
by diazotising the mono-acetyl derivative of 
(l:2:4)-tolylene-diamino and combining it with 
()3)-nai)hthol(Wallach, B. 15, 2830). 

Amido-toluene-azo-nitro-ethane. 

Acetyl derivative C^IfuN^Oj i.g. 

[6:3:1] cX^Ie{NHAc).N,.CH(NO..).CH 3 . [143°]. 
From C,H 3 Me(NHAc).N.Br and NaCiI(NOj)CH,- 
(Wallach, A. 235, 250). Bed needles (from alco- 
hol-ether) ; v. si. sol. water, insol. ligroin. 

Amido-toluene-azo-o-toluidine 
[4:3:1] C,H 3 Me(NH 2 )— N,,— C„Il 3 Me(NH 2 ) [1:4:3] 
[107°]. Formed by reducing nitro-o-toluidine 
C,jIl 3 Me(N 0 J(NIL) [1:4:2], or the corresponding 
azoxy- compound, by sodium amalgam in alcoholic 
solution (Limpricht, B, 18, 1406; Graeff, A. 
220, 350). Long red needles (from alcohol) or 
small yellow needles (from water). Sparingly 
soluble in water, easily in alcohol and ether. 

Salts.— : Slender reddish needles 
— B"2nCl.— (B"2HCl)PtCl B"2HBr. 

Amido-toluene-azo-p-toluidine 
[6:3:1] 06H3Me(NH,)— Nj-C.HjMcf'NH^) [1:6:3]. 
[159°]. Bed needles. 81. sol. cold, v. sol. hot, 
water ; v. sol. alcohol. Prepared together with 
the hydrazo- compound by the prolonged action 
of sodium amalgam on an alcoliolic solution of 
nitro-p-toluidine (Biickney, 7L 11, 145.3). 

Di-amyl-amido-bcnzene-azo-di-amyl-aniline 
[4:1] (C,H„).,N.CJI,-N3-C,H,N(C,H„). [1:4]. 
Di-amyl-aniline-azyline. [115°]. Bed pointed 
crystals. Sol. hot alcohol. Formed by passing 
NO through an alcoholic solution of di-amyl- 
aniliiie. Salts. — B"(CgH 2 (NOo).,OIJ) 3 : small 
yellow crystals. P c r i o d i d e B" J,; : small black 
cry stals with violet reflex (Lippmann a.FIeissuer, 

B. 15, 2142 and B. 16, 1419). 

Benzene-azo-aceto-acetio acid 

CJl — N.-CIIAC.CO 3 H. [155°]. Yellow leaflets 
(from alcohol). Pfepared by the action of a 
solution of diazobenzene nitrate on an alkaline 
solution of acetacetic ether (V. Meyer, B. 10, 2070).. 

Salts. — A'K: yollow glistening leaflets. — 
BaA' 2 , PbA' 2 , CuA' 2 , and AgA' are yellow pps. 

Ethyl ether [76°]. Light yellow crystals ; 
very readily saponified (Zublin, B. 11, 1417). 

Benzene-azo-acetono C^H^.Na.CHj.CO.CH, 
[149°]. Glistening yellow prisms or needies. 
Peculiar characteristic smell. Only slightly 
soluble in hot water, and in aqueous alkalis. 

Formation.— 1. By heating benzene-azo- 
aceto-acetic ether with a dilute alcoholic solution 
of NaOH. — 2 . By lieating bcnzene-azo-aceto- 
acetic acid to 170°-180°, COj being evolved 
(Eichter a. Miinzer, B. 17, 1928). 

Benzene-azo-acetophenone 

C. Hj.Nj.CIL.CO.Call,. [129°]. Slender golden 
needles. Y. sol. hot alcohol and hot acetic acid. 
Formed, together with benzene-azo-benzoyl- 
acetic ether, by adding a solution of dioTM). 
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f beosene chloride to an iced alkaline eolation of 
benzoyl-acetic ether (Bamberger a. Caiman, 
B. 18, 2563). 

Benzene-o-azo-aniline (?). 

CeHj-N,— C8H,NH,(?). [123°]. Formed by 

reducing benzono-o-azo-nitro-benzone with am- 
monium sulphide (Janovsky, M. 8, 61; yellow 
crystals with blue reflex (from dilute alcohol). 
The salts are less soluble in water than those of 
the p-conipound. 

Benzene-azo-aniline C, 2 H,,N 3 i.e. 

C^H^— N.^— [1:4J. Amido-azO’henzene. 
Mol. w. 197. [126°]. (above 360°). 

Fonnatmi.- l. By reducing benzene-azo- 
nitro-benzono [137°] with ammonium sulphide 
(G. Schmidt, Z. 5, 417 ; Janovsky a. Krb, B. 
18, 1136).— 2. Together with bromo-aniline by 
the action of bromine vapour upon aniline 
(Kekul6, Z. [2] 1, 088).— 3. By action of mineral 
acid (one molecule or less) upon diazo-benzeno 
anilide [v. Di-azo- comi-ounds) (Martius a. Griess, 
Z. [2] 1, 132 ; Friswcll a. Green, G. J. 49, 746). 

Prrpnmtion. — 1. Diazo -benzene -anilide is 
dissolved in 2 or 3 times its weight of aniline, 
y\,th its weight of aniline hydrochloride is added 
at the ordinary temperature, and the mixture is 
kept for an hour at 30° to 40° ; after standing 
for twenty.four hours at the ordinary tempera- 
ture, sufticient HGl is added to combine with 
the free aniline and the amidoazo-benzene 
base precipitates, or it can be obtained as 
hydrochloride by adding more HCl. The yield 
is nearly theoretical (Witt a. Thomas, C. J. 
43, 113; Staedcl a. Bauer, B. 19, 1953).- 2. A 
cone, solution (of rather less than 1 mol.) of 
NaNOo is added to (1 mol. of) aniline hydro- 
chloride dissolved in (5 or 6 mols. of) aniline .at 
80°-40°, kept at c. 40° for 1 or 2 hours, and 
then at the ordinary temperature for 12 hours; 
completed as jibove, the yield is nearly theo- 
retical. 

Propcr/ics.— Yellow crystals ; separates from : 
benzene witli benzene of crystallisation (W.a. T.) ; 
orange prisms with blue reflex (from alcohol). 
V. si. sol. hot water, m. sol. ether and alcohol. 
Its salts are decomposed by water; they dyo 
wool yellow. Tin and HCl give aniline and jj- 
phenylene-diamine. Combines with Etl form- 
ing the hydriodide of C,dI,(NlI,,).N 2 .C.JI,NllKt. 
Thediazo- compounds of benzcne-azo-aniliiKi.and 
its sulphonic acids are used for the preparation 
of scarlets by combination with the naidithols 
and their sulphonic acids. 

Salts. - I'j'JlCl ; steel-blue needles or scales 
(from boiling HClAq). - B'.,H„PtCl,.-B'HN 03 . 
— BULSO,.— B'JLAO,. 

Acetyl derivative C,iTI-.-^rCuH 4 (NriAc). 
[142°]. Y'cllow silky cryst.als. On reduction 
with alcoholic ammonium suli»liide it gives 
acetyl-amido-hydrazobenzene (Schultz, ]{. 17, 
463; Berju, B. 17, 1400 ; G. C. 1881, 871). 

Bcactions. — 1. By boiling benzene-azo-ani- 
line with 10 pts. of IICl (S.G. 112) it i.s com- 
pletely decomposed in a few hours with forma- 
tion of y)-phenyleno-diamine, aniline, chlori- 
nated-hydroquin ones, NHj, and colouring matters 
(Wallach a. Kolliker, B. 17, 395).— 2. An alco- 
holic solution of bromine forms a dibromo- 
derivative [162°] which is reduced by tin and 
HCl to aniline and p-phcnylene-diamine (Berju, 
B, 17, 1400).— 3. With phenyl thio-oarbimide ; 
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it forms benzene-aBO-di-phenyl-lhio-urca ((jr. u.), 
together with some benzene-azo-di-phenyl-thio- 
urea-azo-benzene (v. dis-Azo compounds).— 4, 
Carbonyl chloride forms benzene-azo-di-phenyb 
iirea-azo-benzene (Ph— — CgH 4 -NH) 2 C()(Berju, 
B. 17, 1404). — 6. Benzene-azo-anilino hydrochlo- 
ride (2 mols.) heated with acetone (I mol.) at 
150°-160° under pressure forms abase CjjHijNa, 
[205°]. Y'ellow needles; v. sol. alcohol, ether, 
and acids. By tin and HCl it is reduced to a 
base of melting-point [185°]. Dilute solutiona 
of the salts have a blue fluorescence. Salts. — 
B'H.jSO^: slender soluble needles or small mono 
clinic prisms.— B'H.CrD,: orange-yellow needles. 
— B'HXLPtCl^ : flat yellow m'odles, si. sol. cold 
water (Engler a. Schestopal, B. 20, 180). 

Benzene-azo-benzene C,.,n,uN 2 i.e. 

C„H,— N..— CJI,. Azobenkne. Mol. w. 182, 
[68°J. (293°). V.D. 6-5 (calc. 6-3). S. (alcohol) 
8-5 at 16° (Moltclmnoffsky, J. R. 1882, 224). 

5. V. 220*4 (llamsay). 

Formation. — 1. By treating nitro benzene 
with alcoholic potash (Mitscherlicb, A. 12, 311 ; 
Schmidta. Schultz, /1. 207, 328), sodium-amalgam 
in presence of alcohol and acetic acid (Werigo, 
A. 135, 176 ; Alexejell, Z. [2J 3, 33), iron (3 pts.) 
and acetic acid (1 pt.) (Noble, A. 98, 253), or 
with zinc-dust (AlexejelT, Bl. [2] 34, 684). — 
2. By oxidising aniline with aqueous KMn 04 
(Glaser, A. 142, 361), rod-hot PbO (Schichuzky, 
J. H. 6, 245), H,0, (heeds, C. N. 41, 210 ; B. 
11, 1382) or bleaching powder (Schmitt, J. pr. 
[21 18, 195). -3. It is the chief product of the 
action of sodium on p-bromo-anilinc! (Ansebiitz 
a. Schultz, B. 9, 1398; cf. Claus, Jf. 15, 315). 

Preparation.— 1. By heating nitro -benzene 
with a solution of sodium stannitc prepared by 
dissolving the theoretical quantity of SnCljj in, 
an excess of aqueous NaOH (Witt, J5. 18, 2912).— 
2. 400 grms. of NaOH (98 p.c. powdered) are 
boiled with 2000 c.c. of ordinary abiohol till 

: most has dissolved ; 500 g. of nitrobenzene are 
slowly added to the boiling solution, and the 
formation of azoxybenzene completed by 2 or 3 
hours’ cohobation. 200 grins, of zinc-dust are 
then slowly added and the boiling continued for 
a day with occasional shaking. The alcohol is 
distilled off on a salt bath, w'arm water added, 
the insoluble portion lilt(;red off, washed, freed 
from Zn(OII)._. by HCl, and extracted with alco- 
hol ; the filtrate on cooling deposits the azo- 
benzene ill si)le.ndid l.argo plates ; good yield. 

Properties. — Triiiietric plates (Jeremejeff). 
Cry.stallises with CJ1„ from benzene. Its absorp- 
tion-speetrum has been desertbed by Hartley 
(G. J. 51, 176). 

Heactions.—l. Pa sod through a red-hot tube 
it yields benzene and d iphenyl (Ferko, B. 20,664). 
2. Chromic acid in vieclic acid at 200° forms 
benzcnc-azoxy -benzene.— 3. Nitric acid forms 
Ph.N.AH,(NO.,) [1;4], Ph.N...C,H,(NO,) [1:2], 

' [4:1] C«H.(N0..).N.,.C,H;(N(),) [1:4], 

[1:3] C,H4(NG.,).N,.CA4(N0,) [1:3], and a nitro- 
benzene - azo - di - nitro - benzene. — 4. Alcoholic 
ammonium sulphide reduces it to hydrazo- 
benzene (Hofmann, Pr. 12, 576). — 5. Hot cono. 
HCl, HBr, or HI reduces it to benzidine, other 
products being formed at the same time.— 

6. Alcoholic SO.., produces benzidine. — 7. With 
an ethereal solution of zinc ethyl it reacts form- 

; ing ethane (1 vol.), ethylene (3 vols.), and a 
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prodoet urbioh, when treated with water, givea 
aniline. 80 g. of azo-benzene gives 70 g. of 
aniline. The reactions are probably 

(a) PhNjPh + 2ZnEt.. = 2NPbH(ZnEt) + 2C,H, 

(b) PhN,Ph + 4ZnEt;- 

2 xNTh(ZnEt)j + 20,H, + 2C,H,. 
And then, on adding water : 

(a') NPliII(ZnEt} + 11,0 = NPhH.. + EtH + ZnO 
(6') NPh(ZriEt), I 211,0 ^ NPliII, + 2EtH + 2ZiiO 
^rankland a. Louis, G. J. 37, 560).- -8. Aldn- 
hyde at 200° fonns a compound C,oH,,N,0, 
[164°]. In presence of chloride of zinc, alde- 
hyde condenses with it to benzylidene-bonzidino 
Ph.CH;N.C„H,.C«II,.N:CII.Pli (?) [239°] (Barzi- 
lovsky, J. R. 1885, 366).- 9. iJromine forms 
mono-bromo- derivatives, a di-bromo- derivative, 
[205°] {V. BltOMO-nKNZENE-AZO-niCOMO-nKxVZENK), 
and a tetra-bromo- derivative, C,.,ll„Br^N2, 
(O. 320°] (Werigo, A. 165, 200). 

Combinations. — C„H,„N.,,Cgng [38°]. — 
C,,H,oN,), 3HC1 : unstaldo yellow crystals. — 
0 ,2lI,oN,), 31IBr : unstable red crystals, got by 
passing llBr into a solution of azobenzenc in 
CS,.- C„IJ,„N,HBra: crystals, formed by adding 
bromine to a solution of the preceding body in 
ohloroforrii.— C„H,oN,Brg: red prisms, got by 
adding excess of bromine to a solution of ben- 
zenc-azo-bonzene in chloroform (Werigo, A. 
165, 203). 

iSenzene-azo-benzene sulphonic acid 

,11*80,11 [1:4]. [127°]. From ben- 
zene-azo-benzene and fuming II.SO* (5 pts.) at 
130° (Griess, A. 131, 89; 154, 208; Janovsky, 
M. 2, 221; 3, 237; B. 15, 2576). Orange-red 
plates (containing 3a(i). SI. sol. alcohol and 
ether. Potash-fusion converts it into K,SOj 
and bcnzeno-azo-phenol. Ammonium sulphide 
followed by mineral acid converts it into di- 
amido-di-phcnyl sulphonic acid. Nitric acid 
forms mono-, di-, and tri- nitro- derivatives 
(Janovsky, 3, 508). 

Salts.- KA'2aq. BaA'o.— AgA'. 

Chloride C,,H,N,80,C1. [82°]. Orange 

clumps (from ether). 

Amide C,,H.,N,,SO..NH,. Powder (Skanda- 
roff, Z. [2] 6, 643). ‘ 

Benzene-azo-bonzene disulphonio acid 

- C«H3(S0JI), [1:2:4]. Formed, to- 
gether with 5-7n-, and s-p-, sulpho-bcnzetie-azo- 
benzene sulphonic acids by heating benzene- 
RZO-benzeno (1 pt.) with pyrosulpluiric acid 
(4 pts.) at 150° (Janovsky, M. 3, 237). Very 
aeliquo.sccnt needles. Isoincridcs of this acid 
are described as sulpho- ben zene-azo-benzene 
sulphonic acid. 

Benzene-azo-benzoio acid 
OeHvN,.CJI*(CO,lI) [l:4J. Azo - bmzcite -p - 
car^xylic acid. Obtained by saponification of 
its nitrile by boiling with KOH. Long glisten- 
ing brown prisms. Sol. alcohol, ether, and 
warm benzene. Salts.— A'K: very soluble 
brownish -yellow needles. — A',Ba : brown isli -yel- 
low needles ; sol. alcohol, si. sol. water (Mentha 
a. Heumann, B. 19, 3023). 

Nitrile C,II,N,.C„H,(CN) [1:4]. p-Cynno^ 
azo-benznic. [ldl°]. Foniied by diazoti.sing 
benzene-azo-aniline and allowing the solution 
of diazo-benzene-azo-benzene chloride to drop 
into a hot solution of CuSO* and KCN. Brown 
needles. V. sol. ether, benzene, and warm 
aloohoit msol water. Sublimable (M. a. H.). 


Bencenc-luso-bciuoyl-aeetib acid 
C.H,.Na,OH(CO.O»HJ.CO*H. [141«]. Longyel. 
low needles. V. sol. alcohol, ether, and acetic 
acid. Its ethyl-ether is formed, together with 
benzene-azo-acetophenone, by adding a solution 
of diazobenzene chloride to an iced alkaline 
solution of benzoyl-acetic ether. By boiling 
with dilute NaOH it is converted into benzene- 
azo-acetophenono C^jHj.N^.CHo.CO.CyHj (Bam- 
berger a. Caiman, B. 18, 2563). 

Benzene-azo-benzylidene-aniline 
C„H, -N.,-CJI,.N:CH.C«H,. 
azo-benzene. [125°]. Orange plates. Formed 
by the action of bonzahlehyde on benzene-azo- 
aniline. By HCl it is resolved into its con- 
stituents (Berju, B. 17, 1403). 

Beuzene-azo-o-bromo-benzene 

N., - C JI*Br [1 :2] . Bromo - azo - benzene, 
[87°]. Glistening plates (from alcohol). 81. sol. 
cold alcohol. By the action of bromine (1 mol.) 
upon a warm acetic acid solution of benzene- 
azo-benzene (1 mol.) a mixture of o, w, and p, 
mono-bromo-benzene-azo-bonzeno is obtained ; 
they can bo separated by their ditferent solubili- 
ties in alcohol. By complete reduction they 
give aniline and o-, or /i-bromaniline. 

' Benzene-azo-7n-bromo-benzene 
CA-N,.C«H*Br [1:3]. [56°]. Yellowish-green 

pearly plates. V. sol. alcohol, ether and ace- 
tone. On nitration it gives orange needles of 
C,,H,Br(N0.3)Nj [123°] (Janovsky a. Erb, B. 
20* 359). 

Benzene-azo-2)'bromo-benzene 
C,.Hj.N,.CJl*Br [1:4]. [82°]. Is the chief pro- 
duct of the bromination of benzene- azo-benzene 
in acetic acid. Orange yellow "witn 

limable. V. sol. alcohol, etl^t^ ^ 

The corresponding hydres ^ 

while needles. Cif ^ ^ 

needles of 0,^11 >'0 

di-nitro-derivati3. ^ '5i|,)a [1:4} 

19, 2155; 20, pointed 

HENZENE-Azo-imoM^ ’^^Taicd by passing 

Benzene-azo-t:« ^ «<on of di-amyl 

P}i-~N,-C,Br3(OK.^- FJ^Oll),,: smal 

azo-resorcin and (Typke,*Ij small blac^ 

Benzene-azo-j^-cUloro-benzeneiann a. Fleissnei 
C,in,~N~C,n,Cl [1:4]. Ch 
[89°J. Yellowish-brown plataid ^^imes in 
brown needles. Easily soluble ifi’ether, benzene* 
and hot alcoliol, sparingly in cold alcohol. 

Prejm ration.— 100 grms. of benzene-azo-ani- 
line liydrochloride are suspended in 2 litres of 
water and 220 c.c. of cone. IICl, and diazotised 
by slow addition of a cone, solution of 20 grms. 
sodium nitrite. After sUnding for some time 
the diazo-azo-benzeno solution is filtered and 
slowly added to a boiling solution of 40 grmg. 
Cm(,ll2 in 360 c.c. of cone. HCl, and boiled for 
some time; the greyish-black pp. is treated 
with cond. HCl and then with dilute NaOH to 
remove impurities, and extracted with hot al- 
cohol; the alcoholic solution after treatment 
with animal charcoal deposits the benzene-azo- 
chloro-benzene on cooling in glistening brown 
plates ; the yield is 38 p.o. of the theoretical 
(Heumann a. Mentha, B. 19, 1686). 

BeaeftOTW.— When its alcoholic solution ia 
allowed to stand in the cold wi& SnCl, and 
2 drops of H.3SO4 it is converted into a chloro- 
di-amido-diphenyi NH3.0,H4.C,H|C1.NH^ Tha 
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latter body ia not formed, however; by heating 
the hydrazo- oompound, previously prepared, 
with HOI, but benzene-azo-ohloro-benzene, 
chloro-aniline, and aniline are formed instead. 
On nitration with fuming HNO, bcnzcne-azo* 
chloro'benzene gives jj-cliloro-benzene-azo-jp- 
nitro-benzene C^II,Cl.N;,.CJI^(NO.,). By treat- 
ment with fuming sulphuric acid it is converted 
into jp-chloro-bcnzene azo-benzene p-sulphonic 
acid C,H^Cl.N,.C,ll,(SO,n) (Mentha a. Heu- 
mann, B. 19, 2970). 

Benzene-azo-o-cresol 

C^Hj— N2-C,.ir,(OH,)(OH) [1:3:4]. [130°]. 

Glistening yellow plates. V. sol. alcohol, ether, 
chloroform, and benzene ; si. sol. hot, insol. cold, 
water. Dissolves in dilute alkalis with a 
yellowish ro«l colour. Obtained by the action of 
diazobenzenc chloride on an alkaline solution of 
o-cresol. It readily gives a dis-azo- compound 
when treated in alkaline solution with a further 
quantity of diazobenzenc chloride. 

Acetyl derivative : [82°]; yellow tables, 
V. sol. alcohol, ether, and benzene. 

Benzoyl derivative: [111°]; small yellow 
needles, v. sol. ether, acetone, and hot alcohol 
(Lieberraann a. Kostanecki, B. 17, 130 ; Nolting 
a. Kohn, B. 17, 303). 

Benzene-azo-m-cresol 

C,H,~N,-C,H,(CIf,)(OH) [1:2:4], [109°]. 

Yellow needles. V. sol. alcohol, ether, chloro- 
form and benzene. With alkalis it forms 
yellowish-red salts. Obtained by the action of 
diazobonzene chloride on an alkaline solution 
of w-crcsol. It readily combines with another 
mol, of a diazo- compound to form dis-azo- com- 
pounds (Nolting a. Kohn, B. 17, 3C6). 

Benzene-azo-^-cresol 

C«H,— N,-C..IL,(CH,) (Oil) [1:5:2]. [109°]. 
Orange yellow plates. Soluble in dilute alkalis. 
Dyes a canary yellow. Formed by the action of 
diazo-benzene chloride on an alkaline solution 
of jp-cresol. It does not yield a dis-azo- compound. 

Acetyl derivative Ph -Ng — C,Hj(OAc): 
[08°]; yellow needles, v, sol. alcohol, ether, 
chloroform, and acetone. 

Benzoyl derivative Ph— N, — C,Hg(OBz) ; 
[113°] ; yellow needles, sol. ether, benzene, and 
hot alcohol (Mazzara, G. 9, 425; Liebermann a. 
Kostanecki, B. 17, 130 ; Nolting a. Kohn, B, 17, 
862). 

BezLzene-azo-p-oresol-sulphonic acid 

0,H,-N,~C,n.,(CH,)(On)(SO,H) [1:6:2:3]. 

Small reddish brown tables or needles. Easily 
soluble in water, sparingly in alcohol. Formed 
bv the action of diazot^nzene chloride on an 
aUcalme solution of p-cresol-sulphonio acid 
p;4:2]. A'Na: soluble reddish brown plates, 
dyes wool an orange yellow (NSlting a. Kohn, 
B. 17, 357 ; cf. Stebbins, A, 0. J. 1, 465 ; 2, 263). 

Benzene-azo-i^-cumenol 

0,H4-Nj-C,H(CH.,),OH [1;3:6:6:2]' [94°]. 

Glistening brown prisms. In small quantities 
it oan be distilled undecomposed. Insoluble in 
alkalis. Formed by combining dia;o-benzone 
chloride with ^[(-cumenol [70°]. On reduction it 
yields aniline and amido-i/r-cumenol [167°] 
(Liebermann a. Kostanecki, B. 17, 886). 

Benzene • azo • di - ethyl - amido - benzoic acid 
0A-“N,->0«H,(NEt,)COjH[l:4:2]. [126°]. Prom 
diazo-benzene nitrate and di-ethyl-m-amido- 
tozoio acid. Bed oiystala with violet lustre 


(from alcohol). Insol. water, il. sol. alcohol arid 
ether. Salts: BaAV— AgA' (Grioss, B. 10, 526).^ 

Benzene-azo-othyl- {$) -napnthyl -amine 
C,H,— Nj— C,„H,.NHEt. [103°]. Bed needles. 
Soluble in alcoliol itc. with an orange-red colour, 
iusol. water. It forms bluish-violet salts with 
acids. Formed by heating ethyl-(i8)-naphthyl- 
nitrosamine with an acetic acid solution of 
aniline at 100°. Also produced by combining 
diazo-bonzcnc with etliyl-(/l)-naplithylaniino. 

Nitrosainine C„H,.N,.C,„H,..NEt(NO) : 
[97°1 ; red cry.stals (Henri(ines, B. 17, 2009). 

Benzene-azo-ethyl-phenylene-diamine 
CJL.N,.C„H,(NiI,)NHEt. Bthyl • clirysoidine. 
Dyes a redder shade than ordinary chrysoidino. 
Formed by combining otliyl'ni-plienylenc- 
diamine with diazo-benzene.- D'MICI : reddish- 
brown needles with violot-bluo reflection, soluble 
in water and alcohol with an orange colour. — 
BMi.CUHCl,; insoluble red pp. (Nolting a. 
Strieker, 7?. 19, 547). 

Benzene-azo-indozyl 

.CJL>-C(01I) 

CA-N,-N<; II (?) 

\ — CII 

[236°]. Red needles or thick orange prisms, 
Sol. alcohol and alkalis, v. si. sol. water. 
Formed by the action of diazo-bonzeno chloride 
on indoxyl (Baeyer, B. 10, 2190). 

Benzene-azo-methane OJI^— Nj— OH,. Azo^ 
plienyl-ntethtjl. (c. 150°). Yellow oil of i^o- 
liar odour. Very volatile, and readily distils 
with steam. Formed by oxidation of s-phenyl- 
methyl-hydrazine CjHj.NH.NH.CHj with HgO 
(Tafel, J3. 18, 1742). 

Benzene-azo-methazooio acid 
Ph-N,- C,H,NA* [164°]. From diazo-ben- 
zene nitrate and an aqueous solution of sodium 
mothazonate (Kimich, B. 10, 141). Orange 
needles (from alcohol) ; insol. water,— Na2A"2aq, 
“BaA" aq. 

Benzene azo-di-methyl-amido-benzoio acid 
Ph-N,-C.H 3 (NMe,)CO,H [1:4:2]. From diazo- 
benzene nitrate and di-methyl-m-amido-benzoia 
acid (Griess, B, 10, 527). Orange nodules. 

Benzene-azo-methyl-aniline 
CaHj-— Nj— C,H,.NHMe, Methyl-amido-azo-bm^ 
zene. [180°], Red noodles. Sol. alcohol. Formed 
by heating benzene -azo -aniline with Mel. — > 
B'HCl; violet needles. 

Acetyl derivative C„TI,.Nj.O„H^.NMeAc ; 
[139°]; yellow silky needles (Berju, B. 17,1401), 

Benzene-azo-di-methyl-anlline 
CaHj.N5t.CjIL.NMc3. Dijncthyl-amido-azO’ben* ' 
zene. [116°]. Yellow plates. 

Preparation. — 1. A solution of 74 pts. C< 
NaNOj (100 p.c.) and 40 pts. of NaOH in 640 
pts. of water is slowly added to a cooled solution 
of 100 pts. of aniline, 130 pts of dimethylanilinc» 
and 230 pts. of HCl in 360 pts. of water (Griess* 

B. 10, 625 : Mohlau, B. 17, 1490).— 2. By heat- 
ing benzene-azo-aniline with Mel (Berju, B, 

1402; O.C. 1884,871). 

Me thy lo -iodide WUeil. [174°]. Plates^' . 

Benzene-azo-methyl-ketole 

C, Hj-N,— CjHjN. [116°]. Yellow needles. 
Formed by the action of diazo-benzeno-ohlorids 
upon methyl-ketole in aqueous alcoholio solution 
in presence of sodium- acetate (Fischer, B. 
2990). 
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Bansene-axo-methyl-pheaylena-dismine 

C,Hj.N 5 .C,H 3 (NH.,)NHMe. Methyl-chrysoiidine, 
Minate orange prisms. Dyes a somewhat redder 
shade than ordinary ohrysoidine. Formed by 
combining diazobenzene with methyl-wi-phenyl- 
ene diamine (Nbiting a. Strieker, B. 19, 549). 

Benzene •azo-(a) -naphthol 
C„Hj— N.. -C,uII,i.OH. (a) - Naphthoquinone- 

phenyl- Injdrazidc. [200°]. Small needles with 
blue reflection (from alcohol) or Hat needles or 
plates (from benzene). 

Formation. — 1. By combining (a)-naphthol 
with diazohenzonc.— 2. By the action of phenyl- 
liydrazino hydrochloride upon (a)-napthoqui- 
none suspended in acetic acid. 

Reactions. — Dissolves both in acids and 
alkalis. Bromi»U5 forms two bromo- derivatives 
[185°], and [190°] (Margary, G. 11, 271). 

Salts. -A'K: crystalline pp. The hydro- 
chloride, hydrobromide, and sulphate 
form bluish or greenish glistening needles, 
sparingly soluble in water, alcohol, and acetic 
acid (Tyiiko, B. 10, 1580). 

Methyl ether A'Mc: [83°]; brown crystals. 

Ethyl ether A'Et : [100°]; long needles. 

Acetyl rier C„ilf,,NJOAc) [128°] ; 
small brownish-rod needles (Liobermann, B. 10, 
2858; Zincke a. Hindewald, 17, 3020). 

Benzene-o-azo-(a)-naphthol 

.Oa 

C.oH/ I [1:2]. (?) [138°]. {$)-Naphtlu>- 

\N,n.c«n,/3 

quinone-pheuiit-hydrazide. Formed by the action 
of phenylhydrazine hydrochloride upon {$)• 
naphthoepunone. Long red needles ; sol. hot 
alcohol and hot acetic acid. It does not combine 
with acids or bases. By SnCl„ it is reduced to 
(/3)>amido-(a)-naphthol. By treatment in hot 
acetic acid solution wdth IINT), it gives di-nitro- 
(a)-naphthol. By the action of alkaline reducing 
agents it is at once converted into ()3)-anndo- 
(a)-naphthol ; no intermediate product could be 
detected (Zincke a. Bindewald, B. 17, 3030; 
Zincke a. Bathgon, B. 10, 2182). 

Bromo- derivative C,„TT,„Ny>r.O ; 
[215°-21i)°J : slender red needles. 

Benzeue-azo-(H)-naphthol C^.TTijNjO f.c. 

M 

CJl 3 .N.,.C,JI,.Oir or C,AC( [1:2]. 

\N..H.C II, a 

[134°]. 

Formation. — By the action of a diazobenzene 
salt on an alkaline solution of H-naphthol, It 
Ts not formed by the action of diazobenzene 
hydrate on limdy divided (8)-naphthol (dilTcrence 
from (o).iiaplilh()l) (Liobermann, B. 10, 2858). 

Proper/ Golden jilates or long metallic 
glistening needles. Soluble in etlier, benzene, 
ligroine and CS._,. Dissolves in H^SO^ with a 
magenta-red colour. Is insoluble in caustic 
alkalis. It has a slightly basic cliaracter, 
Resolving in HCl with a red colour, and form- 
ing an unstable hydrochloride cr}'8tallising in 
needles. By SnCl.^ it is reduced to (a)-amido- 
(H)*naphthol and aniline. The same reduction 
products are also formed at once by treatment 
with alkaline reducing agents (e.g. zinc-dust and 
ammonium sulphide, &c.) ; no inter- 
product was detected. When treated 
acetio acid solution with HNO, it gives 

*0 ^ 


(3i>nitro-C3)-naphthol (Zincke a. Bathgen, 

19, 2482). 

Bromo- derivative C,„H,iBrN 20 : [168°], 
Brownish-red needles (Zincke a. Bindewald, B 
17, 3031). 

B 6 nzene-azo-(a)-iiaphthol sulphonic acid 

CA-N,-C,„H,(S 03 H)(OH). From sodium (a), 
naphthol sulphonate, aniline nitrate, and KNO, 
(TIofmanii, B. 10, 1378). Slender brown needles 
(from alcohol mixed with IIClAq). Dyes orange. 
— AgA'. — BaAV 

Benzene-az6-(3)-naphthol sulphonic acid 

C,oH,(nS().,)OH. Brown needles with 
yellowish -green reflex. Diiliciiltly soluble in 
water and alcohol. Prepared by the action of 
an alkaline solution of (j3)-naphthol-sulplionio 
acid on diazobenzene nitrate or chloride. -A'.Ba. 
Yellowish rod microscopic leaflets. Slightly 
soluble in water (Griess, B. 11, 2197). Its 
absorption-spectrum lias been examined by 
Hartley {C. J. 51, 196). 

Benzene-azo (H) -naphthol disnlphonic acid 
CJI,_.N2-C,„I1,(S0,,H),.(0H). Fromsodium (6)- 
napiithol disulphonateand diazo-benzene nitrate. 
Sol. water. Barium salt is si. sol. water 
(Stchbins, jun., A. C. J. 2, 236). 

Benzene-azo-(o)-naphthylamine 

N,-C,„H,NH,,. Prepared by the action 
of diazobenzene sulphate on (a)-naplithyl. 
amino (Griess, T. 1861, iii. 079; Weselsky a. 
Bencdikt, B. 12, 228). — B'.Jl_,SOyaq: micro- 
Bcopio needles; diflicultly soluble in water. 

Benzeiie-azo-(/3)-naphthylamine 

.NH 

CJI,-N 3 -C,„H,NIl 3 or | 

\n.jt.o,H3. 

Benzene-hydrazimulo-nnphthalenc. [101°]. lied 
trimetric tablo.s or long fine red needles. Fjasily 
soluble in alcohol and acetic acid, insoluble in 
water. Dissolves in strong ILSO, with a blue 
colour. Its salts exist only in pre.sence of a large 
excess of acid. Formed by combination of 
diazobenzene with (/l)-naphtliylamiiie. By boiling 
with 20 p.o. aquoou.s li .SO, it i.s slowly decom- 
po.sed into (j9)-Maplithylarnino, phenol, and 
nitrogen. On reduction it gives aniline and 
(1, 2)-iiuphthylone diamine. On oxidation it 
gives henzene-azimido-naphthalene (q.v.). 

Acetyl derivative C,„H,.ycN.,. [153°]. 

Small red needles, easily soluble in alcohol, in- 
soluble in water. 

Benzoyl derivative [1C3°], 

red crystals (Lawson, B. 18, 796). 

Benzene-o-azo-nitro-benzene 
Cjr,— N.^— CJf,(NO.J [1.2]. Nitro-azohenzene, 
[123°]. Formed by nitration of benzeno-azo-ben- 
zene in acetic acid at 100°. Orange-yellow 
minute needles. V. sol. alcohol. Alcoholic 
NaQH gives a beautiful emerald-green coloura- 
tion ; by long boiling or by treatment with sodium- 
amalgam it is further reduced to a compound 
O.^iIImNyO. Tin and HCl or ammonium sulphide 
first reduce it to bonzene-o-azo-aniline and then 
to aniline, and o-phenylene-diamine. By bro- 
mination in acetic acid it yields bromo-nitro- 
benzene [123°] or [132°] (Janovsky a. Erb, B. 
19 .2167 ; 20, 300 ; Jlf. 8, 66). 

Benzene-p-azo-nitro-benzene 
C«H,.Nj.CJI,.NO., [1:4]. [137°]. Small yellow 

needles (from alcohol). Formed by nitration of 
benzeno-azo-benzene. By NH 4 HS it U reduced 
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to ordinary benzone-azo-toiline. Alooholle 
KH4HS produces red crystals of an intermediate 

oitrolio acid | (?) [ 134 °], 

C,n,.N,.C,H..NOH 

which forms a blue solution in NaOIIAtj. 
KjFeCyg reoxiclises it to benzeiie-azo-p-nitro- 
benzene. By complete reduction it yields aniline 
and p-phenylone-diamine (Laurent a. (ierhardt, 

A. 75, 73 ; Janovsky, B, 18, 1133 ; M. 6, 164, 455). 
Benzene-azo-tri-nitro-benzene 

C,H,-N, C.JL(XO,),. [142^^]. By action of 

HgO on an alcoliolic solution of the correspond- 
ing hydrazo- compound (K. Fisclier, A. 11)0, 133). 
Slomler red prisms (from alcohol). 

Benzene-azo-nitro-iso-butane 
CgHg — N.^,— CII{NO._,)Br. From diazobenzene ni- 
trate and potassium nitro-iso-butane (Ziiblin, 

B. 10, 2088). Oil. Forms an orange solution 
in alkalis. 

Benzene-azo-nitro-ethane CJIuNaO.. t.g. 
N,--CH(NO,,).CIL,. [137°J. Fromdiazo- 
benzene nitrate ami sodium nitroethane (V. 
Meyer a. Amhiilil, B. 8,751, 1073). lloctangular 
orange crystals ; v. sol. alcohol and ether, insol. 
cold water, sol. aqueous alkalis forming a blood- 
red solution. Dyes silk yellow. Cone. forms 
a violet solution. It crystallises unaltered from 
mpieous NII3 {I.hirbieri, B. 0, 386) but such a 
solution gives pps. with metallic salts. 

Salt s.— C,H ,K3Na0..4a(i. -C,H,Na..N30..7a(i. 
- C.H.ZnN^O .Huq.— C.H.FbNaOJ’bO'iiaq,' 
Benzene-az )-iiitro-methane 
C„IIj— Nn CIL.NO3. [153°]. From diazoben- 
zene nitrate and sodium nitromethane in very 
dilute solution (Friese, B. 8, 1078). Slender red 
needles (from alcohol). Cone. JLSO^ gives a 
purple solution. Decomposed by liClAq only 
after long boiling. 

Benzene-azo-tri-nitro-phenol 
CJL,— N_, C,;H(NO^,),,OII. Long brown prisms. 
Insol. cold, si. sol. iiot, water ; v. sol. alcohol. 
Explodes at 70°. Dyes silk and wool orange- 
yellow. Prepared by the action of a salt of 
diazobenzene on an alcoholic solution of picric 
acid (Stobhins, jun., A. C. J. 1, 465; 2,236; 

C. AT. 41, 117; B. 13, 43). 
Benzene-azo-nitro-propane 

CgH, -N, ClI(NO,).Cir,.Cfl3. [99°]. From po- 
tassium nitropropano and diazobenzene nitrate 
(V. Meyer, B. 9, 38(i). Orange needles ; sol. alkalis. 

Bsnzene-azo-iso-nitro-propane 
C,j}I. — N3 - C(N 0 ,) (Clla),;. From aqueous diazo- 
benzene nitrate and potassium nitro-isopropat>e. 
Oil ; insol. alkalis (V. Meyer a. Ambuhl, B. 
b, 1076). 

Benzene-azo-o-oxy-benzoic-acid 
CJl., — N3-- Cgn,,(011).CO.dl. From diazobenzono 
nitrate and an alkaline solution of salicylic ficid 
(Stebbins, jun., A. C. J. 1, 465; B. 13, 715; 
C. N. 41, 117). Orango-red needles ; insol. water, 
▼. sol. alcohol or ether. Dyes wool orange, 
Benzene-azo-di-oxy-naphthaleae 

C.H.-N,-C,.H,(OU), or C, A(On) 

Oxy - (a) - 7iaphthoqui}ione plicnyl - hydrazide. 
[230°]. Formed by the action of phenyl- 
hydrazine on oxy-naphthoquinone in aqueous- 
alcoholic solution. Ycllowish-rcd glistening 
needles. V. sol. ether, hot alcohol, and but 
acetic acid. 


I Salt 9.— The alkali salts fonn slender orange 
I needles, sol. alcohol. — A^^Ba lOaq ; yellowish - 
I brown plates or long red needles. — A'-^Ca 4aq : 

I slender orange needles. — A'Ag ; reddish-brown 
amoriihous pp. 

Acetyl derivative'. [179°]; red needles. 

Methyl ci/tcrA'Mo: [175°1 ; red needles. 

Ethyl ether A'Et : [173°]; yellowish-red 
needles, v. sol. hot alcohol and hot acetic acid. 

Brotno-derivative- [198°] ; 
large red needles, si. sol. alcohol (Zinoko a. 
Thclen, B. 17, 180 l). 

Bcnzene-azo-phenol Cgllj - CgH^.OH[l :4J. 

Oxy^azo-henzene. 1154°]. 

Fornuitum. — 1. A product of the action of 
BaCOj on diazobonzeno nitrate in the cold 
(Griess, A. 137, 84). -2. From benzeno-azo-bon- 
zeno sulplionic acid by potash fusion (Grioss, A. 
154, 211). 3. From diazo-henzene nitrate and 
CJI,OK (Kekul6 a. lleidegli, Z. [2] 6, 384).— 4. 
By the action of 2>-nitroso-phenol (20 pts.) on 
aniline acetate (60 pts.) (Kimich, J3. 8, 1499). — 
5. By gently warming benzeno-azoxy-bonzeno, 
C,Jl3 -N, .0-0,11,, with H,.SO, (Wallach, B. 13, 
525; 14,2617). 

iVopcr/ics.— Purple pyramidal plates. Insol. 
cold water, sol. alkalis ; v. sol. alcohol. Bro- 
mine in acetic acid gives a compound [139°]. 

8alt.— AgA'. 

Acetyl derivative. — Pli.N^.CJI^OAo. 
[85°]. (above 360°). Golden scales. 

Methyl ether. — Ph.N,.C„H,OMo [54°]. 
Yellow scales. 

Benzeno-azo-phenol sulphunic acid 
C.J£,-N3—C,ll3(0H)(S03H) [1:4:3]. Fromdiazo- 
bonzeno nitrate and an alkaline solution of 
phenol o-sulphonic acid (Oriess, B. 11, 2194). 
Bed needles or tables ; sol. water and alcohol. — 
KA'. 

Benzene-azo-phenol sulphonio acid 
C,,jH,N3(0H)(S03H). From benzene-azo-phenol 
and fuming (Tschirvinsky, B. 6, 560). — 

BaA'o2tiq.— Cu A'-^Oaq. — M gA^Oaq.— K A'. 

Benzone-azo-phenol di-sulphonic acid 
C,.dl,N2(0II)(S03lI)3. From azoxybenzene 

(1 pt.) and fuming ILSO^ (10 pts.) by healing 
for 3 hours at 150° (Limpricht a. Wilsing, A. 
215, 232; B. 15, 1297). Orange needles, v. e. 
sol. water, v. sol. dilute acids. 

Salts.— K3A" 2iiq: red needles, si. sol. cold 
water ; not attacked by Br. -BaA" aq : orange 
crystalline pp. — Ag.A": red crystalline pp. 

Benzene-azo-phenol tetra-sulphonic acid 
>*0, JI N.(0H)(S03lI)4. From azoxybenzene 

and fuming 11, .SO^ (L. a. W.). Will not crystal- 
lise. Salts, - CV^H N.,(9K)(S03K),7i aq ; long 
yellow needles. Gi\».s with bromine-water a pp. 
of tri-bromo-phenol [92°]. — Ba^A'^ 7aq : orange 
crystalline pp. 

Other benzene-azo-phenol snlphonic acids are 
described as Oxy-henzene-KZ(\-he.nzcne sulphonic 
ackls, and sulpho-benzene-A.z(i-phe7iol sulphonic 
acids. 

Benzene-azo-diphenylamine 
C,H-N.3~C,H,.NH.C,H,. [82 ] (0. N. Witt, 
C. J. 35, 185; B. 12, 259). A solution of dl- 
phcnylaraine (17 g.) in alcohol (100 o.c.) is added 
to a solution of diazo-benzene chloride (14 g.) in 
alcohol (60 g.). The brown mixture is cooled 
with ice, and alcoholic NMej (used instead of 
I Nil, because NMc,HCl is soluble in alcohol) if 
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Added from time to time to neutralise the liquid. 
The oil which separates is purified by a lengthy 
process, and finally crystallised from benzoline. 

Properties. — Golden leaficts or needles, Sol. 
benzene, alcohol, and ether. HCl turns its 
alcoholic solution violet; steel-f^rey crystals of 
the hydrochloride aeparatiii}?. The base forms 
a green solution with H,SO^ turned, by adding 
water, into indigo, violet, and finally red. With 
amyl nitrite and acetic acid it forinsanitrosaiuine, 
Ph.N(NO).C,lljN.i‘h, [l‘20'"j, forming orange 
needles, spaiingly soluble in alcohol and acetic 
acid, readily in benzene. 

Benzeue-azo-^/i-phenylene diamine 

N.' C,Jf y{N H.J., [ I :‘2: 1]. Chryso'idine. 

[117’5^] (W.) ; [110°J (ii.). From diazobenzene 
salts and w-phcnjlene diamine (Witt, B. 10, 
860, 661 ; Hofmann, B. 10, 2i;i, .'iSH ; Griess,il. 
10, 390). Slender yellow needles (from water) ; 
si. sol. water, v. sol. alcohol, lleduccd by am- 
monium sulphide at 160^ to aniline and (1,2, 4)- 
tri-amido-benzeue. The absorption-spectrum has 
been examined by Hartley (6’. J. 61, 178).— 
B"HC1 : black octahedra or small red silky 
crystals; its aqueous solution is orange, but 
turned red by HOI— .PtCls.- B"HN6 j. 

Di-acetyl derivative 
Ph— N2~C,H,(NHAc)., [251°J. 

Benzene-azo-m-phenylene-diamine sulphonic 
acid C„Hj— N.^ - C^H^(N H.).,(SO Jl). Chryso'idine 
sulphonic acid. Glistening spangles or needles. 
SI. sol. water and alcohol. Prepared by the 
action of diazobenzenc-chloride on a salt of 
w-phenylene-diamino sulphonic acid. A'Na: 
soluble golden needles --A'._,Ba : orange needles 
(Iluhernann, B. 14, 2(566). By the sulphonation 
^ ohrysoidine an isomeric acid is formed (u. 
Di-amido-benzene-azu-benzene sulphonic ac"d). 

Benzene-azo - di - phenyl - methyl - pyrrol-car - 
AN. i.«. 

HOaC.C'.CMcv 

Ilicri Obtained 

by saponification of its ethyl ether, which is 
formed from an acetic acid solution of aceto- 
phenono-aceto-acetic ether (1 mol.) and benzcnc- 
p-azo-aniline (1 mol.) on standing for two days. 
Large red crystals. V, sol. alcohol, ether, and 
benzene; si. sol. ligroin and acetic acid; insol. 
water, and cone, acids. Gives Laubenheimer’s 
reaction. 

Ethyl ether EtA': [123°j; splendid red 
crystals ; v. sol, benzene and ligroin, si. sol. 
^cohol, ether, and acetic acid (Paul a. Schneider,’ 
o. 19, 31(52). 

Benz0ne-azo-phonyl.(j3).uaphthyl-amin6 

CjjHjjN, i.e. C,.Hs- N.,~ C.uH„NHC,H, or 
C.oll/ I 

- hydrazimuio - miphthalene. 

11 Obtained by combining diazo-benzene 
chloride with phenyl- (j8)-imphthyl-amine in 
alcoholic solution. It is also formed by the 
action of an acetic acid solution of aniline upon 
phenyl-0).naphthyl-nitrosamine. Small red 
glistening needles. 

Beactions.—l. By heating with cone. HCl it 


N 

yields naphthopheuazine | and 


anBine.— 2. Bfcmim acting on the hot noeilo 
acid solution forms tetra-bromo-phenyl-(/9)- 
naphthylamina with evolution of nitrogen.— 3. 
It is reduced by SnClj to aniline and phenyl- 
o-naphthylene famine C,oH,(NH.JNHC„H 5 .— 4. 
By oxidation with K^CrgO, in acetic acid solu- 
tion the chromate of a powerful ammonium- 
base C 2 ,jHjgN..OH is formed ; the latter possibly 
, , . /N(OII).C,H, 

has the constitution (\ 

\N.N.C,H, 

V. Naphthalene di-pheyiyl-KZK’ssmoswu-hydraie 
(Ilenriquos, B. 17, 2(5?1 ; Zincko a. Lawson, 
B. 20, 11(57). 

Benzene-azo-di-phenyl-thio-urea 
C„H,-N,-C.,H..NII.CS.NHrh. [170°]. Plates. 
Formed by combination of phenyl-mu stard-oil 
with benzene azo-aniline (Berju, B. 17, 1406). 
Benzene-azo-pyrogallol 

N^— C^II^fOH),. Prepared by adding an 
aqueous solution of diazobenzenc nitrate to an 
alkaline solution of pyrogallol (Stebbius, jun., 

A. C. J. 1, 465; 2, 236; B. 13, 41 ; G. N. 41, 
117). Red needles (from acetic acid). Insol. 
water, sol. alcohol. Its alcoholic solution dyes 
silk and wool orange. 

Benzene-p-azo-resorcin 

CsH, -N,-0„H3(01I),, [1:2:4]. [16l°] or [170°]. 
Brom diazobenzene nitrate and resorcin (Typko. 

B. 10, 1577; Wallach, B. 15,2819; R. Me^r, 
B. 16, 1320). Formed also by gently warming 
diazobenzene anilide with resorcin, aniline being 
eliminated (Heumann a. Occonomidcs, B. 20, 
906). Slender orange needles [170°] or short 
red needles [161°], insol. water, sol. aqueous 
alkalis, V. e. sol. alcohol. 

Acetyl derivative [102°]. 

Mono-ethyl ether [^V]. Scarlet needles. 
Diethyl ethei' [70°]. Yellowish-red needles. 
Benzene-o-azo-resorcin C„H^.N„.C^n 3 (OH)^ 
[1:2:6]. Formed in small quantity (about 5 p.c.) 
in the preparation of the p-isomeride. 
^^^j^ojio-ethyl ether C„IT,.N 2 .CsH,(On)(OEt) 
[150°]. Long fine scarlet needles ; v. e. sol. alco- 
hol and ether, insol. water ; dissolves in aqueous 
alkalis with a brownish-red colour. 

Di-cthyl.etherGJil,N.^.C^\l.^{Q^il^ [90°]. 
Large red glistening tables ; v. sol. ether, hot 
alcohol and acetic acid, insol. water (Pukall, B. 
20, 1115). 

Benzene-azo-thymol 

CgHj— N,— C«H.,MePr(OI^) [1;2:5:4] [85°-90°l. 
From diazobenzene chloride, and an alkaline 
solution of thymol (Mazzara, Q. 15, 52, 228). 
Reddish-yellow needles. Reduction followed by 
oxidation gives thymoquinone. 

Benzene-azo-thymol-snlphonic acid 

[216°]. 

bmaK yellow prisms. Yellow colouring matter. 
Prepared by the action of diazobenzene chloride 

on a salt of Ihymol-sulphonic acid. Salts. 

A'Na: small yellow crystals. - A'.Ba; finehair- 
hke needles (Stebbins, B. 14, 2793). 

Benzene^>azo-toluene Callj -N^— C,H^(CH 3 ) 
[63° corr.]. Formed by diazotising amido-ben- 
zene-p-azo-toluene O.HdCII,)— N^— C 3 H,(NHA 
dissolved in alcohol and boiling the solution 
(Schultz, B. 17, 466). Orange-red plates ; v. sol. 
alcohol. Volatile with steam. By treatment 
with alcoholic SnClj and HjSO. it is converted 
into a base melting at [116°]. 
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Bi&itaMo-m-tolyle&e diamine 

pA— N,-OAMe(NH,)a. Yellowneedlea. Easily 
loluble in alcohol, sparingly in water. Prepared 
by the action of diazobenzene chloride on (1, 2, 4) 
^lylene* diamine, [99^]. — B'HCl: orange red 
needles (Stebbins, jun., A. C. J. 1, 465 ; B. 13, 
717; C.N.^l, 117). 

Benzene - azo - xylenol C^HyN.j.CttHaMea.OH 
[1:3:5:2]. [175°]. Formed by combining diazo- 
benzene chloride with m-xylenol CjjHaMe.(OH) 
[1:3:4] (Grevingk, Ji. 19, 148). Slender brownish- 
red needles. V. sol. alcohol, ether, and benzene, 
insol. water. On reduction it yields aniline and 
o.amido-7«-xylenol CJI,Me,(NH,)(OH) [5:3:2:!]. 
Bromo-amido-benzene-azoj^'bromo-aniline 
Diacetyl derivative 
[2:5:1] NMAc.CJIaBr -N,— CcH.Br.NHAc [1:5:2] 
[282°]. Formed by warming acetyl-bromo-nitro- 
anilineC,H;,(NHAc)nr(NO,) [2:5:1] with zinc and 
cone. NH.,Aq (C. H. Matthiessen a. Mixter, Am. 8, 
847). Pale red substance. 

p « Bromo - benzene - azo - benzene -|;-8nlphonio 
acid [4:1] C,H,Br — N, — C«IT,(SO,H) [1:4]. 
Formed by sulphonation of benzerie-^J-azo-bromo- j 
benzene or by bromination of berizenc-azo-ben- 
zenQ-2>-sulphonic acid. Flat needles (containing 
3aq). 

Salts. — KA' : rhombic tables. — NaA' : 
yellow silky needles, si. sol. water (Janovsky, M. 
5, 162; B. 20,358; M. 8, 53). 

m -Bromo - benzene-azo-benzene -p-snlphoaic 
acid [3:1J C,H,Br-N,-CJI,(S03H) [1:4]. 
Formed by sulphonation of bonzene-m-azo-bromo- 
benzene with fuming sulphurie acid. Glistening 
golden plates (containing 1,^ aq). 

Salts.— KA': yellow pearly pp. of micro- 
BCopio needles. — NaA': pp. v. si. sol. water 
(Janovsky a. Elrb, B, 20, 359). 

o-Bromo-benzene-o-azo-bromo-benzene 
|2:1] C,H,Br-N.,-C„H,Br [1:2]. [185°]. A 

product of the bromination of benzcnc-azo- 
benzene in HOAc (Janovsky, ilf. 8, 50 ; B. 20, 
337). Golden plates, si. sol. alcohol. On nitra- 
tion it gives a tri-nitro- derivative [135°]. 

p-Bromo-benzene-|)-azo-bromo-benzene 
[4:1] C3H,Br-N2-C„H,Br[l:4]. [205°]. Formed 
by bromination of benzeno-azo-benzene (Werigo, 
A. 135, 178 ; 105, 189). Formed also by reduc- 
tion of 2?-bromo-nitro-benzene with zinc-dust i 
and alcoholic KOH (Schultz, B. 17, 405). ' 
Yellow needles. By alcoholic SnCl^ and H.BO, 
it is . converted into a di - bromo - di - amido- 
diphenyl. Fuming H„SO^ forms a sulphonic 
acid C,.lI,Br.,N,S03H3aq (W.). 

m-Bromo-benzene-7a-azo-bromo-beiizene 
[3:l]C3H,Br-N3-C«H,Br [1:3]. [126°]. From 
the corresponding hydrazo- compound by Fe^Cl, 
(Gabriel, B. 9, 1407). ' 

Tribromo-benzene-azo-dimethyl-aniline • 
CjH^Br,- Na— C,H,(NMej). [161°]. Formed by 
adding an alcoholic solution of dimetnylaniline 
(2 mol.) to C„H,Br3N.i.NO, (1 mol.). Crystalline pp. 

Bed plates (from glacial acetic acid). Insol. 
water, hardly soluble in alcohol. combines 
with cone. HCl (Silberstein, J.pr. [2] 27, 124). 

Tribromo - benzene - azo - methyl - diphenyl- 
amine C«H,Br..— Na-C^H.NPhMe. [138°]. 
From C#Hj^r 3 N.^NOj and NPh-^Me in alcohol. 
Small brownish-red plates (from glacial acetic 
acid). Insol. water, si. sol. alcohol. Does not 
coraniDe with HCl (Silberstein, /. pr. [2] 27, 126). 


Bromo-benfene-aio-(a)-ttaphthol 

[4:1] 0ABr-N,-0,A0H [1:4]. [196°]. Prom 
jp-diazo-bromo-benzene and (a)-naphthol, or 
by bromination of benz0no-azo-(a)-naphthoJ 
(Mazzara, 0. 14, 271). 

ju- Bromo • benzene - azo - (,d) - naphthol 
[4:1] 0,H,Br-N,-C,„H„OH [1:2]. [161°]: From 
p-diazo-bromo-benzene and (/3) naphthol, or from 
benzeno-azo-(/8) -naphthol and bromine (Mazzara, 
Q. 13, 438). Orange needles. 

n-Bromo-benzene-p-azo-nitro-benzene 
[4:1] CJI^Br - N., -- C,H,(NO,) [1:1]. [108°], 

Formed by nitration of benzeno-p-azo-bromo* 
benzene. Yellow needles. V. sol. alcohol 
(Janovsky a. Erb, B. 20, 358). 

Bromo-boiizene-azo-di-nitro-benzene (?) 

[4:1] C,H,Br-N~C.ll3(NO.,), [1:2:4] (?). [190°]. 
Formed by nitrating bonzene-p-azo-bromo-ben- 
zeno (Janovsky, M. 8, 52). 

p-Bromo-benzene-azo-nitro-ethane 
[4:1] C„II,Br -N.,-CH(NO,).CH3. [o. 137°]. 

Fromp-diazo-bromo-benzene nitrate and potas- 
sium nitro-cthaiic (Wald, B. 9, 393). Brick-red 
crystals (from dilute alcohol); sol. ether, glacial 
HOAc, and chloroform. Salt. — 0gII;KN30.3Br. 

Di-bromo - di -imido-di-hydro-anthraoene-sio- 
di bt omo-di-imido-di-hydro-anthracene 
C.JIjBr^N,, or 

xNlI NH 

Nil NH 

[233°]. Prepared by heating dibronio - nitro- 
anthraquinono with alcoholic NH, (Claus a. 
Diernfcllner, B. 14, 1335). Bod needles. Sub- 
limable. SI. sol. alcohol and ether, insol. water 
or aqueous acids and alkalis. 

Bromo - di - oxy - benzene - azo - bromo- 
hydroquinone. Tctra-methyl derivative 
C,,HJir(OMe).,— N^— 0,H,Br(OMo),. [220°]. 

Formed by bromination of the tetra-methyl 
derivative of di-oxy-benzono-azo-hydroquinono 
(Baessler, B. 17, 2125). Red crystalline solid,. 
V. sol. benzene, chlorpform, and CS^, v, si. sol. 
alcohol, insol. water. 

Bromo-salpho-benzene-azo-benzene sulpho- 
nio acid 

[6:3:lJO„H3Br(S03H)-N,-0,H3Br[S03H)[l:6:8]. 
Formed by oxidation of a neutral aqueoua 
solution of bromo-amido- benzene sulphonic acid. 
C3ll3Br(NH.,)(S03H) [4:3:1] with KMnO,. 

Salts. — K„*A"2aq: glistening red tables (Lim- 
priclit, B. 18, 1422). 

Di-bromo - sulpho - benzene-azo-di-bromo-ben- 
zene sulphonic acid 

[2:6:4:l]C3H.Br.,[S03H).N.,.C3H^r.,S03H[l:2:6:4]. 
From potassic di - ’ romo - o - amido - benzene 
sulphonate and KMnO^ (liodatz, A. 215, 222). 
Bed plates (containin-j 2aq). V. sol. water or 
alcohol. Reduced by SnCl^ to tho original 
C„H.,(NH3)Br3S03H. Salts. — K2A"2aq. — 
BaA" 3a(p— CaA" 4aq.-~PbA". 

Chloride. — [258° 262°] . Brown plates. 
Amide, — Violet silky needles. 

Di - bromo • sulpho - benzene • azo • di • bromO'' 
benzene snlphonio acid 

[4:6:3:l]C3H,BrJS03H).N3.C3H,Br,S0,H[l:4:C:8]* 
From potassic di-bromo-amido-benzene sulpho- 
nate and KMnO^ (Rodatz, A. 216, 216). Slender 
red needles, containing l^aq (from water). V, 
sol. water, v. e. sol. alcohol. Reduced by SnCl! 
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to the original 0«H2(NH2)Dr«.S0aH. Saltf. 
KjA^aaq.-BaA" aq.-CaA"4aq.-PbA" S^aq. 

Chloride.— Brick-red needles. 

Amide . — Microscopic orange needles (from 
alcohol). Does not melt. 

An acid isomeric with the above may be got 
by the action of KMnO^ on the tetra-bromo- 
hydrazo-benzcne di-sulphonic acid of Jordan, 
A. 202, 361. 

Tri-bromo- sulpho - benzene -azo-tri - bromo- 
benzene sulphonic acid f2:4:6:3;l] 
C«HBr„(SO,H) -Ng- C„HBr,(SO,H) [1:2;4:0:3J. 
From potassic tri-bromo-w-amido-bonzoate by 
KMn04 (Uodatz, A. 215, 225). Flat orange 
needles. Reduced by SnCljj to the original 
CaH(NH,)Br,.SOJI. 

KjA" 3aq.— BaA"2aq.— Ca A" 7aq.— PbA"4aq. 

Chloride.— [222 ■’-221°]. Dark violet tables. 

A wide.— Brown crystals that do not melt. 

Bi-bromo - sulpho - benzene - azo- (/3)- naphthol 
CaH2Br2(SO,H) -N2-C,„II,,0H (Stebbins, C. N. 
42, 4.4 •, A. C. J. 2, 230). From diazo-dibromo- 
benzeno sulphonic acid and an alkaline solution 
of (j9) -naphthol. 

Di-bromo - s nlpho - benzene - azo-di - ozy-naph- 
thalene C,H2Br,(S03H)— N^— 0,on,(OH),. From 
diazo-dibromo-benzene sulphonic acid and an 
alkaline solution of dioxynaphthalene. Needles 
(Griess, B. 11, 2199). 

Bromo - sulpho - toluene - azo - bromo- toluene 
sulphonic acid N,(C„H,BrMe.SOaH)2 [1:?:4:5]. 
From potassic bromo-p-toluidine sulphonate (of 
Jenssen) and KMnO* (Kornatzki, A. 221, 186). 
Red tables with pointed ends. Salts. — 
KjA" 4aq.— BaA" 5aq.-CaA" 4 ’ aq.- PbA" 6aq. 

Chloride, -[220°]. Groups of red prisms. 

Amide . — [above 200°] : red powder. 

Di • bromo - sulpho - toluene - azo - di - bromo- 
toluene sulphonic acid N.(OeHBr2Me.S03H). 
[1:?;?:2:5]. From potassic dibromo-o-toluidino 
8uIi)honate (of Ilayduck) and KMnO* (Kornatzki, 

A. 221, 188). Blood-red plates. Salts. — 
K3A"2aq.— BaA'Omi. - CaA"8aq.-PbA"9aq. 

Chloride . [243°]. Red swallow-tailed plates. 

Awide.-[218°]. Powder. 

Di - butyl -p - amido - benzene - azo - di - butyl - 
aniline (C4H„),N.C«H4- N,-C,Il4N(C.II„),. Di- 
bulyUanilhie~azj/liiie. [158°]. Red needles. 
Formed by passing NO through an alcoholic 
solution of di-butyl-aniline. 

Periodidc . — dark crystals with blue 
reflection (Ijippmann a. Fleissncr, B, 15, 2142 
and B. 16, 1421 ; M. 3, 713). 

w-Carboxy - benzene, x azo - aceto - acetic acid 
CjIl4(CO.Jl) Nj- CHAc.CO.^H. Formed by the 
action of the sulphate of 7n-diazo-benzoic acid 
•upon acctoacctic ether in alkaline aqueous 
solution (Griess, B. 18, 962). Small yellow 
plates or needles. Soluble in alcohol, nearly 
insoluble in water. Bitter taste. 

0 - Carboxy - benzene - o - azo - benzoic acid 
[2:1] C«H4(CO,n)-N3-C,H4.CO,n [1:2]. 
o-Aeo-be7izoic acid. [238 ]. Mol. w. 270. From 
o-nitro-benzoicacid and sodium-amalgam (Grie.ss, 

B. 10, 1868). Dark yellow hair-liko needles. 
Insol. water ; m. sol. alcohol. 

S alts .-BaA" 7aq. -BaA" 9aq.— Ag,A". 

Ethyl of her FitoA". [139°]. From o-nitro- 
benzoio ether by sodium-amalgam. Scarlet 
oeedles (Fittica, J. pr. [2J 17, 216). 


vi-Cftrbozy-benittta-m^aio-beasoio Mid 

Ns(0«H4.C02H^3 [1:8]. m-Aeobenzoic add. From 
w-nitro-benzoio acid by sodium-amalgam 
(Strecker, A, 129, 134). Amorphous powder, 
decomposed by heat, v. si. sol. water, alcohol, 
and ether. Gives phenazino when distilled 
with lime. Its copper salt gives azobenzene on 
distillation. IlgO and iodine gives an amor- 
phous di-iodo-derivative, C,,HgL,N204 (Benedikt 

B. 8, 386). Salts.--BaA"5aq.— AgjA". 

Ethyl ether EtA". [90°]. By tlie action of 

EtI on Ag.jA" Golubeff (B. 7, 1651) obtained two 
bodies isomeric with this ether, one melting at 
76°, the other being a monobasic acid. 

I ^-Carboxy benzene-^-azo-benzoic acid 
N„(C,jII|.COoH )2 [1:4], From ^^-uitro-benzoic acid 
and sodium-amalgam (Beilstein a. Reichenbacli, 
A. 129, 144 ; Billinger, A. 135, 154). Formed, 
together with azoxybenzoic acid, by boiling 
nitro-benzil with alcoholic KOH (Zinin, Z. 1868, 
563). Flesh-coloured amorphous powder, insol. 
water, alcohol, and ether. Gives phenazine 
when distilled with lime. Salts.— (NHJaA^aq.— 
Na-A". — CaA" 3aq. — BaA". — Ag.,A". 

Ethyl ether Et^A". [88°] (Fittica, 
J. pr. [2] 17, 216). 

w-Carboxy-benzene-azo-malonic acid 

C, H4(C0JI)-N.,-CH(C02H)2. Formed by the 
action of the nitrate of w-diazo-benzoic acid on 
malonic ether in alkaline aqueous solution 
(Griess, B. 18,962). Microscopic orange needles 
or plates. Easily soluble in alcohol. 

Carboxy - benzene - azo - di-methyl -amido-ben- 
aoic acid CJl4(COJI).N2.C„H3NMe.,.COJl. From 
w-diazo-bcnzoic acid and diinethyl-j/i-amido- 
benzoic acid (Griess, B. 10, 525). Brown pp. 

w-Carboxy-benzene-azo-nitro-methaue 
CgH4(C02H).N._,.CH.^(N(\.). Formed by adding 
the nitrate of 7«-diazol)enzoic acid to a dilute 
aqueous alkaline solution of nilroinetliano 
(Griess, B. 18, 961). Yellowisli-rcd plates. Hoi. 
hot alcohol and ether, v. si. sol. water. 

w-Carboxy-benzene-azo-(j8)-naphthol 
C«H,(C02n)-N.-C,„I 1,(011). [235°J. Prepared 
by the action of 77i-diazo-beiizoic acid on an 
alkaline solution of (i8)-naplithol (Griess, B. 14, 
2035). Reddish-yellow needles or plates. Sol. 
hot alcohol, si. sol. cold alcohol and ether, insol. 
water. 

Salts : A'^BaSJaq : red microscopic needles. 
A'K2aq: easily soluble yellow needles or plates. 

' Ethyl ether A'Et. [104°]. Yellowish- 
red needles or plates. Sol. ether, insol. water. 

Amide . — Slender orange needles. SI. sol. 
alcohol and ether, insol. water. 

m - Carboxy - benzene-azo - (/8) - naphthol sul- 
phonic acid G,H,(CO,H)— Ng— C,„H3(OH)(IIS03). 
Preimred by the action of 7«-diazo-benzoic acid 
on an alkaline solution of (iS) -naphthol sul- 
phonic acid (Griess, B. 14, 2036). Brown needles 
or plates. * Sol. hot water, si. sol. cold water and 
alcohol, insol. ether. Dyes wool and silk a 
splendid orange.— A"2H2Ba4aq : orange pp. of 
slender needles. 

777-Carboiy-benzene-azo-(/9)-naphthol - di-sul- 
phonio acid C,H4(C02n).N2.0,nH4(0Il)(HS03)*. 
Prepared by the action of 77i-^azobenzoic acid 
on (^)-naphthol-(a)-di8ulphonic acid in alkaline 
solution (Griess, B. 14, 2037). Yellowish-rod 
microscopic needles. Dyes silk and wool an 
orange scarlet. 
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Balts.— BaHA'" 6 aq: wd oiystaUine pp.— 

pi^%12aq : red mioroacopio needles. 

I Carboxy-benzene-aio-plieiiol v,Oxy-benzene- 
u»o-bemoic acid. 

: Di-oarbozy-benzene-azo-pbtbalie acid 

C,H 3 (C 0 ,H) 2 — N,-C,H,(CO,H),. Azo^phtlialic 
acid, [about 250°]. Prepared by reduction of 
nitro-phtlialio acid with sodium-amalgam (H. 
Miiller; Claus a. May, B. 11, 1.‘130). Small 
yellow needles : si. sol. water, alcohol, and ether. 

Salts. — A‘’Na,10aq: yellow monoclinic 
prisms, v. sol. water.— A'^K^Caq: long yellow 
Qeedles. — A^'^Mg^lSaq : large orange crystals.— 
d'^Ag^ : yellow insoluble pp.— A‘''13ao: yellow 
insoluble pp. 

Di>carboxy-benzene*azo-tere-phthalic acid 
;6:2:1] C„Il:,(COJT),-N 3 -C«H 3 (CO,H )3 [1:5:2]. 
ieo-terephtludic acid. 

Formalion. — 1. By oxidation of hydrazo- 
ierephthalic acid with nitrons acid. — 2. By 
reduction of nitro-terephthalic acid with sodiuni- 
imalgam (Honiolba a. Low, B. 19, 1092). 

Yellow needles. Sol. alcohol and ether, si. 
lol. water. Decomposes above 200°. 

Carboxy-napbthaleno-azo-(/3)-naphthoic acid 
:,oH,(CO,H)-N 2 - 0 ,„H,(CO,H). From a nitro- 
/3)-nai)lithoic acid by ammonium sulphide 
Rakowsky, B. 5, 1022). 

cxo-Carboxy-tolnene-azo-phenyl-acetic acid 
30.,H.CH,.C«II*— N,,-C-.H,.CH,.C0,H. S. (cold 
ilcohol) 0-375 ; (hot alcohol) i‘57. Insol. hot 
vater, ether, and benzene. Does not melt below 
100°. Formed by the action of sodium amalgam ; 
in nitro-phenyl-acetic acid [151] (Wittenberg, 
31. [2] 43, 111 ). 

Carboxy • toluene - azo - toluic acid 

5:2:lJC,in,MelCOJI)-N,— C,;iI,MeCOJI[l:5:2]. 
izo-p- toluic acid. [184 ]. From nitro-p-toluic 
i,cid by sodium amalgam (Fittica, B. 7, 1358). 
dinuto yellow needles; m. sol. boiling water, 

'. sol. alcohol. 

p - Chloro - benzene - azo • benzene p-sulphonic 
.cid [4:ljC«H,Cl-N,-CJI,(SOJI) [1:4] [148°!. 
formed by warming p-chloro- azo -benzene with 
uming sulphuric acid (10 p.c. SO 3 ) at 60°-70°. 
Jrown needles ; v. e. sol. water and alcohol. It 
s reduced by SnClj to p-chloro-aniline and p- 
ulphanilic acid. 

Salts.— A'Na; large orange-yellow pearly 
dates or small needles ; si. sol. cold water. — 
L'jBa: glistening flesh-coloured needles. -The 
5, Mg, Ca, Ag, Cr, and Fe, salts are wliite to 
lark-yellow needles; the Cu salt forms green 
dates ; all are sparingly soluble. 

Chloride C,H,Cl*N,.C„H,.SO,Cl: [130°]; 
;listcning red prisms, easily soluble in alcohol 
ind ether. 

Amide CJI^C 1 .N 2 .C,II,.S 0 ,NH., : [211°] ; 
rellowish - brown prisms ; sol. hot altfohol, 
iparingly in ether and cold alcohol, insol. water 
Mentha a. Heumann, B. 19, 2972). • 

m-Chloro - benzene - ni-azo - chloro - benzene 
1:3] CJI.Cl-N^— C„H,C1 [1:3]. Azo-chloro- 
!>etizene [101°]. Obtained by acting with FeXI^ 
)n ?»-di-chloro-hydrazo-benzene in alcoholic 
jolution (Laubenheimer, B. 8 , 1025). Orange 
leedles (from alcohol). 

p.Chloro-benzene-2;-azo-chloTO*benzene 
■4:1] C,H*C 1 -N 2 -C,II,C 1 [1:4]. [181°]. Fromp- 
shloro • benzene - p - azo - nitro - benzene and 
zlcoholio potash (Willgerodt, B. 15, 1002) ; or 


from di-ohloro^azoxybenzene and fuming II 3 SO 4 
(Heumann, B. 5, 913, 918). Yellow needles. 

p - Chloro - benzene • azo • ehloro -benzene sul' 
phonic acid [4:1] C,H,C 1 .N 3 .C,H 3 C 1 .S 03 H [1:4:?]. 
Prepared by sulphonation of the preceding body 
(Calm a. Heumann, B. 13, 1183; 15, 2558). 
Slender reddish-yellow needles. Sol. water and 
alcohol. Salts.— A'Na: golden plates, si. sol. 
cold water. — A'K : reddish -yellow glistening 
plates, sol. hot water, ^and alcohol. — A'Ag. — 
A'oBa: yellow crystalline pp. — A'^Ca : golden 
yellow plates. — A'.,Pb : orange glistening plates. 

Chloride C,;h,CLN,SO,CI : [1G1°J. Long 
orange- red needles. 

Chloro - benzene - azo - chloro • phenol 
[3:1] Cl.C^H, ^ N., 0,11301(011) [1:3: ?]. [115°] 
Formed by the action of fuming H.SO^ on 
w-di-chloro-azoxybcnzcno (Schultz, B. 17, 406). 
Brown plates. 

Chloro benzene-azo-chloro-nitr o-benzene 
[1:1] C,II,C1-N,— 0,Il3Cl(NO,) [1:4:?]. [210°]. 
Ih-eimred by reducing di - chloro -nitro -azoxy- 
benzene with cold alcoholic NH,HS (Calm a. 
Heumann, B. 13, 1184). Yellow needles. SI. 
sol. alcohol. 

m - Chloro - benzene - azo - di - methyl - aniline 

[3:1] C,H,C1-N,,— C,H,NMe, [1:4]. [98°]. Yellow 
plates. Tolerably soluble in alcohol. Pre- 
pared by adding sodium nitrite (1 mol.) to a 
solution of ni - chloranilino (1 mol.) and di- 
methylariiline (1 mol.) in dilute H .SO, (Staedcl 
a. Bauer, B. 19, 1955). 

pChloro-benzeno-p-azo*nitro-benzeue 
[1:4] C,H,C1.N,.0,H,(N0,) [1:4]. [133°]. Formed 
by nitration of p-chloro-azo-benzene with fuming 
HNO;,. Yellow needles ; v. sol. acetic acid and 
hot alcohol, si. sol. cold alcohol, insol. water. It 
is reduced by SiiCl.^ to p-chloro-auilino and p- 
phcnylene diamine (Mentha a. Heumann, B, 
19, 2971). 

p-ChlorO'benzene-azo-phenol 
C,H,C1— N,--C,H^(OH). [152°]. Formed by 

gently warming p-chloro-diazo-bcnzene-chloro- 
anilido with phenol, p-chloraniline being elimi- 
nated. Beddisli-yellow needles (Heumann a. 
Occonomides, B. 20, 900). 

Cumene-azo-cumene PrCJI^— Na— C,H,Pr. 
Azo-cumene. [108°]. From nitro cumene, [-35°], 
by sodium-amalgam (PospokliolT, J. It. 1880, 
49). Thin yellow leaflets, si. sol. cold alcohol. 

ip-Cumene-azo-tl'-cumenol 
[2:4:5:1] C,H,(CH3),.Na.C,H(CH,),.OH [1:3:6:6:2]. 
[148°]. Formed by combining di-azo-cumene 
chloride (from «f'-cumi(Iine) with vl^-cumenol [70°] 
(Liebcrmann a. Kostan'^-Zjki, B. 17, 885). Orange 
needles. Iiisol alkalis. Dissolves in H,SO. 
with an orange colour. No nitrogen is ovolvca 
on boiling with HCl. 

i|/-Camene-azo-4'-cumidine 
[2:4:5:!] C,HaMe3.N.a.C,HMe3.Nn2 [l:2:4:6:e]. 
[139°]. Prepared by the action of cumidine 
hydrochloride upon diazo-cumeno-cumide (di- 
azo amido-cumcnc) dissolved in cumidine (N51- 
ting a. Baumann, B. 18, 1147 ; Bl. [2] 42, 335). 
Orange plates (from alcohol). V. sol. ether. On 
reduction with SnCla it yields cumidine and 
cumylcnc-o-diaminc. Salt. — B'HCl: yellow 
crystalline powder; readily loses its HCl; dis- 
solves in phenol with a yellowish-brown colour. 

Cuminic-azo-cuminic acid 

PrC,H 3 (CO 3 H)-N,- 0 ,H 3 Pr.C 0 aH. [280°]. From 



m 


Al^ 


fiitro-eQtninio acid and sodium* amalgam 
/Alex^, Bl [2] 88, 562 ; 42, 821 ; /. B. 1882, 
198; Alex6eff a. Kissel, Bl. [2] 40, 72). 

Ether 8.-Me.^".[106"].-Et,A" [104®-108«J. 

Oymeneazo-C3^ene 

C^HsMePr— N, - C,H,MuPr. [80°]. From nitro- 
cymeno by sodium-amalgam (Wcrigo, 1804, 
721). Clicrry-coloured plates. 

Ethyl • amido - benzene - azo - benzene - p • 
aulphonic acid [4:1] CulI,(S03n).N,.C«H,.NHEt 
[1:4]. p - Stiliihn - benzene - azo - ethyl - aniline. 
[o. 244°]. Obtaincil by combining 7)-diazo- 
benzene-sulpbonio acid with ethyl-aniline in 
acid solution. Stoel-blue needles. Nearly insol. 
alcohol and cold water, si. sol. hot water. The 
sodium salt (NaA') forms orange-red plates. On 
reduction with (NH,)mS it yields rnouo-ethyl-p- 
phenyloiie-diiimine and _p-8ulphanilio acid 
^Uornthsen a. Goske, B. 20, 929). 

Di - etliy 1 - p - amido - benzene - azo - di - ethyl - 
nnUine C,U ,{N Mt.) - N,— C,H,(NEt,). Di-ethyl- 
amline-azyline. [170°]. Prepared by passing 
NO through an alcoholic solution of di-ethyl- 
aniline ; yield 60 p.c. of the theoretical, lied 
monoclinic crystals, o:6:c = l:‘7J08:‘9493. 8“ 
90° 30'. V. sol. chloroform, si. sol. cold alcohol. 

IteaciUms.—l. Nitrous acid acting on the 
acetic solution gives p-nitro-di-ethyl-aniline.— 
2. On reduction it yields M-di-ethyl-p-phenylcne- 
diamino.— 3. Heated with ethyl iodide at 100° it 
gives tctra-ethyl-2^phcnylcne-diamino. — 4. Mel 
at 100° gives di-methyl-di-ethyl-jj-phenylone- 
diamine. 

Salts.-~Il''HXlMptCl^: small brownish-red 
trimetrio tables.— F e r r o c y a n i d e 13"2H,FeCya : 
brown platcs.--Picrato B"(CtfIl2{N02)30H).^; 
yellow sparingly soluble needles {Lippmann b» 
Fleissncr, B. 15, 213C ; 10, 1415 ; M. 3, 286, 
788), 

l)i>ethyl-amido-benzene-azo-toluidine 

Acetyl derivative 

[4:1] CeH,(NEt2)-N2— C«H,Me(NHAo) [1:6:31. 
[169°]. From diazotised acetyl-tolylcne-diamine 
CjH,(NH.JMe(NHAc) [1:0:3] and di-ethyl -aniline 
[Waliach, A. 234, 359). 

o-Ethyl-benzene-o-azo-ethyl-benzene 
f2;l]C«H,(C2ns)-N2-CJI,{CJl,)[l:2].[47°corr.]. 
Formed by reduction of o-nitro-etbyl -benzene 
with zinc dust and alcoliolio NuOH (ydiultz, B. 
17, 473). Long red diinctric prisms, a:c = 1: *3455. 
V. sol. alcohol. By treatment with SnCl.^ and 
HCi in alcoholic solution it yields a di-amido-di- 
ethyl-diphenyl. 

j)-£thyl-bonzene-27-azo-ethyl'benzene 
[4:l]C«H.(C.,HJ-N2-C,HdCJl,)[l:4J.[63°corr.]. 
(above 340°). Formed by reduction of p-nitro- 
ethyl-benzcne with zinc-dust and alcoholic 
NaOH (Schultz, B. 17, 475). Orange-red plates 
or thick prisms. V. sol. alcohol. By treatment 
with &nCl» and H.^80, in alcoholic solution it 
yields a di-omido-di-ethyl-diphenyl. 

j}-Ethy l-phenyl- amido-ben2ene-|) - azo - othyl- 
di-phenylamine 

[4:1] C,H,NEtPh— Nj— C«H,NEtPb [1:4]. [178°]. 
From ethyl-di-phenyl-omino and NO (Lippmann 
A. Fleiasner, 37.4, 796). Monoclinic red crystals. 

Ethyl-pyrrol-azo-(8)-naphthalen6 
C,oHj.N2.C^li.|NEt. [74°]. Obtained by adding 
.(8)-diazo-iiaphtbalene chloride (1 mol.) to ethyl- 
pyrrol (1 mol.) dissolved in alcohol containing 
acetate. Thick red tables. Sparingly 


•dlubla in dilate HOl Dissolvas in aoho. H^SO^ 
with a dark reddish-yellow colour. The platino* 
chloride forms small sparingly soluble red 
needles (0. Fischer a. Hepp, B. 19, 2258). 

Ethyi-pyrrol-azo-p-toluene 

C,H,Me.N.,.g-CH 


C3H^Me.Na.C^H3NEt probably 


)H 


[62°]. Formed by adding p-diazo-toluene 
chloride (1 mol.) to an alcoholic solution of 
ethyl-pyrrol (1 mol.) containing sodium acetate. 
Thick red prisms. Dissolves in cone. H2SO4 with 
a yellow colour, in diluto HCI with a reddish 
yellow colour. The platino-chloride forms 
si^iiringly i,oluble red needles (0, Fischer a. 
Hepp, B. 19, 2257). 

lodo-carboxy-benzene-azo-iodo-benzoio add 

C..H3l(C02n)-N2— C„H,I(CO.iI). Azo-iodo-ben- 
zoic acid. From ?»-amido-benzoio acid, iodine, 
and IJgO (Benedikt, B. 8, 386). 

Meai ty lene-azo-mesitylene 
C.,H2(CHj,)3 — Na— 0,iH^(CH3)3. Azo - mesitylene, 
[75° corr.]. Prepared by oxidising an aqueous 
solution of mesidino hydrochloride (5 pts.) with 
a solution of 45 pts. of potassium ferricyanide 
and 10 pts. of KOH (’Schultz, B. 17, 476). Thin 
red needles. Sol. not alcohol. It does not 


appear to yield a hexa-methyl-benzidine by 
treatment with SnClj, and HCI in alcoholic 
solution. 

Methyl - amido - benzene - azo - benzene - sal- 
phonic add[4:l] CJI^(S03H).N2.C,H,.NHMe [1:4]. 
p-Sulpho-benzcne-azo-mcthyl-aniline. Obtained 
by combining p-diazo-benzene sulphonic acid 
with methyl-aniline in acid solution ; yield 30 
p.c. of theoretical. Also formed by the action 
of cold dilute acids upon p-sulplio-diazo-bonzcnc- 
methyl-anilide C,Il4(S03ll).N2.NMcC,H,. Steel 
blue needles, si. sol. water. The sodium-salt 
(A'Na) forms large orange-red plates, v. sol. hot 
water. On reduction with (N1J,),.S it yields p- 
Bulphanilic acid and mono-metliyl-p-phonylene 
diamine (Bci nthscn a. Goske, B. 20, 925). 

Bi-methyl-amido-benzene-azo-benzene-salph- 
onio acid [4:1] C,H,(NMe,)-N2-C,H4SO,H 
[1:4] Hcliunfhin, or Orange III. 

Vreparation. — 1. From dimethylaniline and 
p-diazobenzeno sulphonic acid (Gricss, B. 10, 
525).— 2. Dimclhylumido-azobenzcne (1 pt.) is 
dissolved in 20 pts. cold sulphuric acid of 30 p.c. 
anhydride value and allowed to stand for 24 
hours (Muhlau, B. 17, 1191). The absorption 
spectrum has been mapped by Hartley (C. /. 
51, 192). 

Di-methyl-amido-benzene-azo-benzoic acid 
[4:1] CJl^NMej-Njj— C^H^-COJi [1:3]. From 
di-raethyl-aniline and w-diazo- benzoic acid 
(Gricss, B. 10, 626). 

Di - methyl - amido - benzene - azo-di-metbyl- 
aniline [1:4] C,H^(NMe2)-N2-C,H,NMc2 [1:4] 
[260^]. DiineihyUinilinc-azyli'nc. Bed needles. 

Fonnation. — 1. By diazotising p-amido-di- 
methyl-aniline and combining the diazo-com* 
pound CoH4(NMejj).N2.Cl with dimethylaniline 
(Nolting, Bl 18, 1143). — 2. By passing NO 
through an alcoholic solution of di-methyl- 
aniline for several days. 

lieactions.—l. Nitrous acid acting on the 
acetic acid solution gives p-nitro-di-methyl* 
aniline.— 2. On reduction it gives t«-di-metbyLp* 
phenylene-diamine. 





K S«Uf*^F19«CltPtOl4 : diohroto oryBtalline 
^wder.-Piorate B"OA(NO^,OH+ci,OH : 
gUfitening green needles (Lippmann a. Fleissner, 
B. 16, 2136 ; 16. 1416 ; M. 3, 708). 

Dl-metliyl>amido-benzene<aso*p-tolaene 
Nj-CeH^-NMe.. [lC8°j. Golden plates. 
Easily soluble in alcohol and ether. 

Preparation.— k solution of 05 pts.of NaNO^ 
JlOO p.c.) and 35 pts. NaOII in 405 pts. of water 
18 slowly added to a cooled solution of 100 pts. 
of p-toluidine, 113 pts. of dimethylaniline and 
200 pts. of IICl in 300 pts. of water. 

On reduction it yields p-toluidino and di- 
methyl-p-phenylcne-diamine. The hydrochloride 
and sulphate form violet prisms, giving a red 
solution in alcohol (Mohlau, B. 17, 1492). 

Di-methyl-amido-benzene-azo -p- toluene^sul. 
phonic acid C7H,j(HSOj).N2.C„H^.NMe2. Formed 
by the combination of p-diazo-toluene sulphonic 
acid (Me:HSOa:N2'= 1:3:4) with dimethylaniline 
(Mohlau, B. 17, 1493). Dark-violet prisms. 
Soluble in water and alcohol with an orange 
colour, insoluble in ether. The sodium salt 
forms orange glistening plates. 

Di-methyl-amido-benzene-azo-toluidine 
[4:1] C«H4(NMe2)— N2— C«Il3Me(NH,,) [1:6:3] 

[145®]. From its acetyl derivative [200®] which 
is formed by the action of diazotised-acetyl- 
tolylene-diamine C„.H3(NH2)Mc(NHAc) [1:6:3] 
upon di-methyl-aniline (Wallach, A. 234, 35.5). 

Di-methyl-amido-benzene-azo-toluidine 
[4:1] CgH,(NMe2) - Nj - C«H3Me(NH,) [1:4:3] 
[215®]. From its acetyl derivative, [192®] which 
is formed by the action of diazotised ncctyl- 
tolylene-diamine C„H3(NH2)Me(NHAc) [l.;4:3j 
upon di-mcthyl-aniline (Wallach, A. 234, 359). 

p-Methyl-phenyl-amido-benzene-azo-methyl- 

di-phenyl-amine 

[4:1] OJI,NMePh.N2.C„H,NMoPh [1:4] [150®]. 
Yellow crystals, got by the action of NO on 
mothyl-diphenyl-araine (Lii^pmanii a. Fleissner, 
M. 4, 798). 

(a) -Naphthalene - (a) • azo -naphthalene 
[a] 0,„H,.N2 .C,oH, [aj. [190®]. Prepared by 
boiling diazo-naphthaleno-azo-naphthalcnc with 
alcohol : 1 pt. of naphthalenc-azo-naphthylamino 
is dissolved in 100 pts. of 95 p.c. alcohol and 
6 pts. of IFSO4 are added; the still warm solution 
is then treated with a saturated solution of (1 
mol. of) NaNO, ; the fluid is heated and finally 
boiled for a few hours, and the azonaphthalenc 
precipitated by water. It is recrystalliscd by dis- 
solving it in hot aniline and adding alcohol 
(Nietzki a. Goll, B. 18, 298, 3252). Steel-blue 
crystals. Sublimes in thin yellow plates. Soluble 
in aniline, sparingly in alcohol. It dissolves in 
cold ILSO, with a blue colour, but on heating 
the solution to about 180® it becomes violet and 
exhibits u red fluorescence, lly alcoholic NH,HS, 
or zinc-dust and alcoholic KQH, it is reduced to 
hydrazonaph th alene. 

(a) -naphthalene- (13) -azo-naphthalene 
[a]C,„H,.N.3.C,on,[/3]. [136®]. Obtained by diazo- 
tisation of (j8)-naphthalene-p-azo-(a)-naphthyl- 
amino and boiling with alcohol. J)ark-brown 
plates with steel-blue reflex. Sol. alcohol, acetic 
acid, &c. Dissolves in cone. with a violet | 

colour (Nietzki a. Gottig, B. 20, 612). Laurent’s 
naphthase [275®], got by heating nitro- 
na^thalene with zinc dust, or (a).naphthyl- 
anaine with PbO, has been regarded as naphtha- 


lene-a2o-zi&pbitbAlene, bat Witt has lately (B. 
19, 2794) shown it to be an azine OjeHuN, v, 
M)-MABHTHAzmB (Lauroot, A, 109, 384 ; Doer, 
J5. 3, 291-; Alex^eff, B. 3,868; Schichuzky, B. 6, 
865 ; Klobulowsky, B. 10, 670, 772, 873). 

Naphthalene-2>-azo-(o)-naphthol 
C,oH,— Nj— CjoH^OH. Formed by adding di- 
azo-naphthalenc chloride to a solution of (a)- 
naphthol in NaOIIAq ; it is ppd. by HGl. 
I Crimson powder. Soluble in alkalis forming 
crimson solutions (P. I^. Frankland, C. J. 37, 
Vo'i). 

Naphthalene-o-azo-(/3)-naphthol 
C,oH, — No — C,„H,iOH. [176®]. Formed by diazo- 
tising (/8)-amido-azo-nai)hthaIeno and heating 
the diazo- compound with water (Nietzki a. GoU, 

B. 19, 1282). Sublimes in glistening golden 
needles. 

(a).Naphthalene-(a)-azo-(a)-naphthylamine 

C, „H,-N,3— C,„M,.NH3. [180®]. Pr('pared by 

adding kNO.^ (1 mol.) to a dilute soliition of (a)- 
naphtiiylamine hydrochloride (2 mol.) and 
making the mixture slightly alkaline with 
Na-COj (Perkin a. Church, A. 129, 108 ; Nietzki 
a. Goll, B. 18, 298). Hartley {0. J. 51, 190) has 
mapped the absorption-spectrum. -D'iHCl. — 
BllCl.— B'2HCl. -B' JLSO,. 

(3)>Naphthalene-p-azo-(a)-naphthylamin6 
C,oH,.N 2.C,JH,..NH2 [152®]. Formed by mixing 
aqueous solutions of equal mols. of (d)-diazo- 
naphthalcne chloride (from (j0)-naf)l»tl)ylamine) 

• and (a)-naphthylamine hydrochlorides. Yellowish* 

' brown needles with green reflex (from alcohol). 
The base and its salts are far more soluble than 
the (o)-azo-(o)-naphthalone. H.SO^ dissolves 
it with a violet colour (Nietzki a. Gottig, B. 
20,612). 

I (i3)-Naphthalene>BZ0'(/9)-naphthylamine 
.NH 

C.oH/ I or Ci„H,.N 2.C, [149®]. 

I Boddish-yellow needles. Easily soluble in ben- 
; zene and acetic acid, insoluble in water. Formed 
by the action of amyl nitrite upon (/I) -naphthyl- 
amine. The absorption-spectrum has been 
mapped by Hartley (C. J. 51, 191). 

Beactions.—l. By heating with dilute HjSO, 
(20 p.c.) it is decomposed with evolution of 
nitrogen. — 2. On reduction with ynCi.,, it yields 
(l3)-naphthylaraino and (l;2)-iiaphthylenodia- 
mine. — 3. Treated with bromine in alcoholic or 
acetic acid solution it is converted into di-bromo- 
(i8)-naphthylamine and a brominated /1-naphthol, 
4. Maybe diazotised in the following manner: 
15 grins, of the amidoazonaplitliaieno are flnallv 
su.spcnded in a mixture of 90 gnus, H3SO, and 
90 grms. of water, cooled with ice and slowly 
treated with a concen' rated solution of 5 grms. 
sodium nitrite. The diazo- compound is very 
unstable (Nietzki a. Goll, B. 19, 1281). 

Aeetyl derivative CooIInNjAc [218®]; 
prisms ; easily soluble in benzene, sparingly in 
alcohol and petroleum-spirit. 

Benzoyl derivative CjoHi^NsBz [177®]? 
silky red needles; easily soluble in benzene, 
sparingly in alcohol and petroleum -spirit (Law- 
son, B. 18, 2422). 

(a)-Naplitlialene*azo -peri -naphthylene - dia- 
mine C,oIi,— Nj "C,oH 3(NH2).3. Trepared by the 
action of (a)-diazonaphtlialene chloride on peri- 
naphthylene-diamine (Stebbius, jun., B. 18, 
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AZO- COMPOUNDS* 


717; (7. N, 41, 117 ; i. C. /. 1, 445). SoLalco- 
hoi, insol. wator.—B'HOl : si. sol. water, m. sol. 
alcohol with a brown colour ; dissolves in strong 
HaSO j with a blue colour. 

(iSj-Naphthol-azo-naphthalene sulphonio acid 
C,„H„(01I) -N,~ C,„H,K() Jl. From (/3)-naph. 
thol and (a)-diiizo-naplithalcne sulphonio acid 
(W. V. Miller, B. 11), 208). 

(aj-Naphthol-z^-azo-diphenyl sulphonic acid 
C,„H,(OIl) ^ N,~C,,H,,SO,II. From (a)-naph- 
thol and ^-diazo-diphrtnyl sulphonic acid (Car- 
nclJey a. Schlevolmann, G. J. 41), 38;)).- NaA': 
dyes wool brown— IJaA'o. 

(/3)-Naphthol-p-azo-diphenyl sulphonic acid 
C,„nu(On)~N.i From (/3)-naph- 

thol and 7 )-(liazo-diphcnyl sulphonic acid. — 
NaA': bright red pp., si. sol. cold, v. sol. hot, 
water; dyes wool red. — llaA',^ (Carnclley a. 
Schlcvehnann, C. J. 49, 383). 

o-Nitro-benzene-azo-acoto*acetic acid 
C,n,(NO,) N, Cil(CO.CJI,).CO,H. [ISS'^]. 
Obtained by saponification of the ethyl-ether 
which is prepared by the action of o-nitro-diazo- 
benzeno chloride on an alkaline solution of 
acoto-acctio etlier (Damberger, 17, 2415). 
Glistening brown plates. V. sol. acetic acid and 
liot alcohol, V. si. sol. ether and cold aleoJiol. On 
heating it evolves CO., and yields o-uitro-ben- 
zene - azo - acetone OuH 4 (NOa).N 2 .CH.„CO.CH 3 . 
The same decomposition is produced by heating 
with alkalis. 

Salts.— A'N H , : yellow needles. — A'Ag : 
crystalline pp. ■ -A'^Cu’* : green pp., sol. hot 
water. - AUia’^ : yellow needles.- A'jHg : glis- 
tening plates. 

E ill If I ether A'Et [03°], glistening yel- 
low platcis or fine needles, sol. alcohol, ether, 
acetic acid, and hot water. 

o>Nitro-benzene-azo-acetone 
CJI,(NO.,)-N. 2 -CIT...CO.Cll 3 . [124°]. Fonnod 
by heating o-nitro-beiizene-azo-aceto-acetic acid 
to its inoltiug-poiut, or by boiling the acid or its 
ether with alkalis. 

Preparation, — o-Nitrnnilino dissolved in 
absolute alcohol is diazoli-sed by passing into 
the well-cooled solution a stream of N^O,, the 
product is poured into iced water, the solution 
filtered and mixed without cooling with a dilute 
solution of acetacctic etlier (I mol.), and KOlI 
(1 mol.), after mixing the fluid must bo acid, it 
is digested at about 40° for 40 hours, tho red pp. 
is then filtered off and purified (Bamberger, B. 
17, 2418). Long silky yellow needles. Easily 
soluble in hot water, alcohol, ether, Ac. 

( o-N itro-be n zene-azo-acetophenone 
[2:1] C,II,{NO.,) (^L.CO.C,H,. [141°]. 

Formed together with o-nitro-henzone-azo-ben- 
zoyl-acctic other, by adding a solution of o-nitro- 
diazo- benzene chloride to an iced alkaline solu- 
tion of benzoyl-acetic ether (Bamberger a. Cai- 
man, B. 18, 2505). Glistening yellow needles. 
Easily soluble in ordinary solvents. 

m-Nitro-bonzene-azo-aniliuo 
[3:1] NO.,.CJl,.N. 2 .C„n,.Nll .2 [1:4]. [c. 210°]. 

i^orn diazotised 7n-iiitraniline hydrochloride and 
aniline hydrochloride (Meldola, C. J. 45, 112), 


Vitro-benzeaa-aio-beniena talphonio aald 

[8:1] C,H,(N02)~N,-0^,SO,H [1:4]. Froi» 
benzene-azo-benzene sulphonio acid by nitration 
(Janovsky, M. 3, 605; 8, 60).-KA-.— BaA' - 
FbA',. 

Nitro*benzene-azo-benzene sulphonic acid 

[4:1] CJI,(N 0 . 2 )-N 2 -C,H,.S 03 H [1:4]. Formed,, 
together with tho less soluble isomcride just de- 
scribed, by heating benzene-azo-bonzene j)-sul- 
phonic acid with nitric acid (S.G. 1'41). Leaf- 
lets.— KA' (Janovsky, M. 3, 50G ; 5, 157 ; B. 16,. 
1186). Ammonium sulphide reduces it to aa 
ainido - benzene - azo - benzene sulphonic acid 
which is different from that formed from diazo- 
tised sulpbanilio acid and p-phenylcnc -diamine,, 
although on complete reduction it gives sul- 
phanilic acid and jyj-phenylene-diamine. 

Bi-nitro-benzene-azo-benzene-sulphonic acid 
[3:4:1] C„H3(N0.2)2— N.-C.H^.SO^H [1:4]. From 
either of the two preceding acids or from benzene- 
azo-benzone sulphonic acid and nitric acid (S.G. 
1*45). Orange leaflets.-- K.V.—BaA'j : S. 7 at 
68° (.Janovsky, M. 3, 507 ; 5, 157). 

o-Nitrc-benzene-azo-benzoyl-aoetic acid 
[2:1]C,H,(N0.2)-N2— CH(CO.C,HJ.CO.,H.[177°J 
Its ethyl-ether is formetl, together with o-nitro- 
benzeno-azo-acotophenone, by adding a solution 
of o-nitro-diazo-benzene chloride to an iced 
alkaline solution of benzoyl-acetic ether (Bam- 
berger a. Caiman, B. 18, 2565). Long, yellow 
silky needles. SI. sol. alcohol and ether. By 
long heating at its melting-point it loses CO.^ 
giving o-nitro-benzene-azo-acetoi)hcnone. 

Oxim CHH,„N,,(N02)(C02n)N0H [142°] 

orange-yellow needles. 

in - Nitre - benzene - aze - m - chloro -di-methyl- 
aniline [3:1] C,JI,(N0.2 ).No.CuH,,C1.NMo,, [1:2:4] 
[156°]. Prepared by adding sodium nitrite (1 
mol.) to a solution of ni-nitranilino (1 mol.) and 
I »n-ch]oro-di-methyl-anilino (1 mol.) in dilute 
' IJ.^.SO^ (Stacdel a Bauer, B. 19, 1056). Beddish- 
yellow plates (from alcohol). 

p-Nitre-benzene-azo-di-methylaniline 
[4:1] N0.2 .C,II,.N,,.C,H,NMo. 2 [1:4]. [230°]. The 
liydrochlorido is depo.sited as crystals with steel- 
blue reflex wlicn a(iueous diazo-p-nitro-benzene 
chloride is added to aqueous dimethylanilino 
hydroohlorido (.Meldola, C. J. 45, 107). 

Properties. - Chocolate-brown powder, slightly 
soluble in alcohol whence it separates ns brown 
needles. Solutions are orange in bcnzciio and 
in glacial acetic acid, orange in cone. H^SO., 
red on dilution. Salt.-(B'HCl) 2 PtCl,. 

m-Nitro-benzene-p-azo-dimethylaniline 
[3:1] NO...CJI,.N 2 .C,H^NMo 2 [1:4]. [169°]. From 
NO 2 .C JIXCI and C,Il 3 NMe 2 lICl (Meldola, C. J. 
45, 120; Stacdel a. Bauer, 7i. 19, 1951). Orange 
crystalline j^owder. Solutions in alcohol, ben- 
zene, acetone, and glacial acetic acid, arc 
yellowish-orango ; in cone. HjSO^ pale orange, 
turned red by dilution. After reduction by HCl 
and zinc-dust, Fo-^Clg forms a blue dye. 

7n-Nitro-benzene-azO'(a)-napbthol 
[3:1] C,H^(N02)-N3— C,JI,OH [1:4]. From w- 
diazo-nitrovbenzene and (a).naphthol (Stebbins, 
jun., A.O.J. 2, 446). Brown pp., sol. water. 


•‘^nge fern-like leaflets (from alcohol). Insol. | 77-Nitro-ben2ene.azo.(a)-naphthol 

and dilute acids; forms yellow solutions in ! [4:1] 0,jH^(N02) — Nj— C,„HaOn [1:4]. From 
acetone, and benzene (Meldola, C. /. 45, i p-diazo-nitro-benzene chloride and an alkaline 
■ f- reduction it gives m- and^-phenylene- i solution of (a)-naphthol (Meldola, G. J. 47, 661). 

I Dull red powder, melts above 360°. V. sol 
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^ng alcohol. H3SO4 fonns a violet solution ; 
lot NaOHAq gives a blue colour. 

[ m-Kitro-Den8eiie-aso-(/S).xLaphtliol 
||:1] 0.H,(N0J-Nj-C,X0H [1:2] or 

Lh,^ I [194®]. From wi-diazo- 

itro-bonzene chloride and an alhalinc solution 
f (j8)-naphtliol (Meldola, C. J, 47, <iG8). Lustrous 
range scales (from toluonp). Insol. aqueous 
Ikalis ; sol. alcoholic IvOH. H.SO, gives a 
lagcnta red solution. It is not reduced by 
ammonium sulphide. 

2).Nitro-benzenc-a20-(/l)-naplithol 
[4:1] C,II, (NO.) -No-0, JI,OH (?) [1:2]. [219®]. 
From jo-diazo-nitro-benzene chloride and sodium 
(3)-naphthol (Meldola, C. J. 47, GG3). Orange 
needles. Insol. hot NaOHAq. Cone. H.SO^ 
’gives a magcnla-rod solution. 

}■ w-Nitro-benzeno-azo - (/I) -napbthol-disulpho- 
Mo acid L:i:l]C,II,(NO,).N,.G,„H4.(SO JI)o(OI]) (?). 
Ipcpared by acting on di-azo ^/i-nilro-benzone 
jjjfith (i8)-naphthol disulplmnic acid in alkaxlino 
jolution. V. sol. water ; dyes an old gold colour 
fflStebbins, jun., A. C. J. 2, 41G). 

|; ??i-Nitro-bonzene-(a)-azo-(a)-naplitliylamin0 
g:l] NO...G,H— No-C,oIl„.NII.. [1:4]. [203®]. 

From NO...G,,H,NoCi aiidO,oll-Nil..IICl (Meldola, 
C./. 45, il l). 

Pro/jcr^it’s.— Ilcd needles. Solutions in al- 
cohol, acetone, and benzene, arc orange; in 
acetic acid, red; in cone. ILSO, violet-red turned 
red by dilution. Ooinplotely decomposed by 
amrnonic sulphide. 

p-Nitro-benzene-azo-(a)-naplithylamine 
[4:1] NO,.C,n,.N,,.C,„ll,NH, [1 :4J. [252®]. 

From aqueous /■’-nitro-diazo-benzeno chloride 
and alcoholic (a)-naphthylauiirie liydrochlorido 
(Meldola, G, J. 43, 430). Jlrown nec'dles (from 
benzene). Forms a crimson alcoholic solution. 
(B'HCl)^PtCl.,. Salts hardly soluble in alcohol. 

llcactions . — lieduces to j^-phenylene-diamine 
and (a, a) naphthylene-diamine. 

wt-Nitro-benzene-azo-(/8)-naplitliylamine 
[3:1] C«H,(NO,)-N,-0 ,oII«(NII,) or 
NHv 

I 

O.H4 (NO..)-N..h/ 


[177®]. 


From 


acif (0,H4(N0J-N,-;-0,H,:N0H),(?) [*X8®] of 
which the sodium salt is blue. It is re-oxidised by 
K^FeOy, to jp-nitro-benzene-azo-^j-nitro-benzene, 
m-Nitro-benzene-azo-m-nitro-benzene 
[3:1] C4H,(N0,)-N2-C,H^(N0,) [1:3]. A red 
oil, farmed in the preparation of the preceding. 
(Janovsky, M. 6, 455). Ammonium sulphide 
and NaOH give a violet colour. 

o.Nitro-bonzcue-2?-azo-uitro-bcnzeiie 
[2:1] C,ll4(NO>) -N,- C,.lld> 0,) [1:4]. [203®]. 
From nitro - benzene - o - azo - nitro - benzene 
(Janovsky, dL 7, 131). Orange lamin.M'. Alcoholio 
niamonium sulphide mixed with NaOlI.Vq givesa 
pcrinaneiit blue. 

Nitro-benzeue-azo-nitro-benzene 
GJl,(NO,) -N„— C„II^(NO,) [1 :4]. [205®]. A 

I by-product in tlie nitration ot benz. ue-azo-ben- 
i zcne-p-sulphonic acid (Janovsky, JJ. 7, 132), 
j Orange lamina*. Ammonium siil[)hido and NaOH 
! gives a iievmanent blue nitrolate. 

I Nitro-benzenc-azo-nitro-benzeno 
I C,.II.(NO,)— N,-CJl,(NO,). [180 J. A product 
• of nitration of benzene-nzo-ben/auio (Janovsky, 
Af. 7, 134). Pale, asbestos-like, needles. Ammo- 
nium sulphide and NaOH give a blue nitiolato 
changing to brown. 

Nitro-benzenc-azo-di-nitro-bonzeno 
[4:1] G JI,(NO,) - N, -CJ l,( NO,),, [1:2: 3 or 5 or G] 
or[l:3:5]. [112^]. Formed bynitral ionof benzeue- 
azo-benzeno (PctrielT, Z. [2j G, 5G4j or benzene- 
azo -p- nitro - benzeno (Janovsky, M, 7, 125). 

I Yellow needles. Boilin.g with a mixturo of 
j aLoholic NaOH and aqueous aiuiuoiiiuni sul- 
phide gives a green colour, ehuiigiii}' to brown. 

Nitro-benzone-azo-di-nitro-bouzeue 
[3:11 G,;H,(NO,) -N,- O.H;.(NO,),, [1:3:1]. [170®]. 
Formed by nitration of benzeiin -71 -azo - nitro- 
benzene or in - nitro - benziuie - nt - azo - nitro- 
benzeno (Janovsky, jlf. 7, 12li). Yellow tables. 
Alcoholic ammoniutu sulphide {uul a(jueou8 
NaOH give an olive-green colour, turning brown. 

Nitro - benzene - azo -di - nitro - benzene 
[3:11C,H4(N0,) -N, — 0.1 1,(NO,),[l : 3 : 2 or 5 or6]. 
[124®]. Formed by nitrating ^u-nitro-bcuzcne- 
m - azo - nitro - benzeno (J.). Yellow prisms. 
Nitrolic reaction : emerabl-green changing to 
orange. 

Nitro-benzene-azo-di-nitro-bonzone 


N02.G6H4.N.,Gl and (i3)-naphthylamin0. Splendid 
orange needles. Solutions in toluene, chloro- 
form, and glacial acetic acid, are orange ; in 
alcohol and in acetone, orange but turned red 
by HGl ; in cone. II^SO^, violet (Meldola, C, J. 
46, 117). 

p-Nitro benzone-azo-(j8) -naphtbylaraine 
[4:1] NO.,.G..II Nj— C,„HoNH., (1) [1:2J. [180®]. 
From aqueous p-nitro-diazo-benzeno chloride 
and aqueous (3)-naphthylamino hydroclilorido 
Meldola, C. J. 43, 420). Needles, with golden 
ustre (from alcohol). Its solutions in aleoTu)!, 
acetone, and chloroform are rod, in benzene and 
toluene, orange, in cone. ILSO^, violet, its 
salts are readily soluble in alcohol.— 
(B'HGl),,PtCl,. 

p-Nitro-benzeno-azo-p-nitro-benzeaie 
[4:1] G„H,(NO,) N, - G.IIdNO,) [1:4]. Di-nit, -o- 
azo-bcuiine.. [201,®]. Formed by nitration of 
'benzenc-a.'.o-brti/cu.^ (Laureut a. Gmliardt, A. 
75, 73; Janovsky, .'J. C, 159; 7, 135; B. 18, 
1134). Bod crystals (from {daclal HUAc). (.lives, 
when reduced by ammonium sulphide, a niti-oHo 
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[4:1] G,H,(x\0.,)— N, -C,.K,(NO,)., [l:4:3or2].. 
[185®]. Formed by nitrating yMiitro-bcnzene- 
7) -azo -nitro -benzeno or bfuizmio -azo- benzene- 
(Janovsky, M. 6, 4G1 ; B. 18, 1135). Needles, 
Nitro - benzene - a zo - di - nitro - benzene 
[4:1] CII,(NO.,)~N.,— C.1I,(N0.,)2 [l:4:2or3]. 
[IGO®]. Formed i n the prei >arut ion of the preceding 
substance (Janov.sky, M. G, 4G2 ; 7, 125 ; B, 18, 
1131). Yellow needles (from alcohol). Nitrolio 
reaction: green, turi.iag blue. This body andF 
tho preceding, both give (1, 2, 4)-tri-amido- 
bonzonc and p-phenyb ue-diamino on reduction. 

Nitro-benzone-azo-nitro-ethano 
[3:l;G,ll,(NO,) -N,— UH(NO,).CIl3. Frompotas- 
siiini nitro-cthano and ni-diazo-nitro-l)cnzcn« 
]iilrate(nalijuann, B.9,391). Yellowpowdcr. lie- 
diiced by tin and IICI *0 tbe tin salt IV'ILSnCI, 
of an unstiiblo base di-anudnqdienyl-ethyl- 
hydrazlne CJfdNH,) -NJL-CM(NH2).OH3. 

Nitro-beus.' no-azo-nitro-phcnol 
[3:liGJJ,(NO,i/v,.G..]r,(NOJ(OH)[l;3:l?].[173®], 
Tonaed Ijv luating tho i;-;omoriG di-m-nitro- 
azoxy - bcii.'.eiio CJl,(NOJ — N.O--C n,(NOJ 
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m ato- compounds. 


with strong HjSO* for some time to about 140® 
(Klinger a. PitschKe, B. 18, *2552). Yellowish- 
brown crystals. Dissolves in alkalis with an 
orange colour.— A'Ag : red crystalline pp. 

»-Nitro-benzene-azo-o-oxy-benzoic acid 
[4;1J aH.(NO,l-N,-C„H,(CO,H)(On) [1:3:4]. 
Fromdiazotiscfip-nitro-aniline and a cooled alka- 
line solution of salicylic acid (Meldola, C. J, 
47, 666). Drown needles (from dilute acetic 
acid) ; sol. alkalis. gives an orange solu- 

tion. Blackens at 22.'?°. 

^•Nitro-benzene-azo-phenol 
[4:1] C,JI,(NO,J -N,>-C„H,On [1:4]. [184°]. 

From diazotised p-nitro-aniline and sodium 
phenol (Meldola, C. J. 47, 658). Golden scales; 
V. si. sol. water; sol. boiling dilute alkalis. 
H2SO4 gives an orange solution. 

m-Nitro-benzene-p-azo-diphenylamine 
[3:1] (NO,)C,H^ N.,— 0,ll,(NH0,H,) [1:1]. 
[137°]. From NO,C«h;n,C 1 and NII(C;H,), (Mel- 
dola, G. J. 45, 118). lieddish-brown scales 
(from dilute alcohol). Solutions in alcohol, ace- 
tone, glacial acetic acid, and benzene arc orange. 
On adding HCl to the alcoholic solution the 
liquid turns crimson, and, if concentrated, a 
brown gelatinous hydrochloride is ppd. Cone. 

forms a violet solution. After reduction 
by Zn and 1101, Fo^Clu forms a blue dye. Its 
salts arc unstable. 

Nitroso derivative [128°]. 
p-Nitro-benzene-azo-di-phenylamine 
[4:1](N0,)0«H,— N,--C,II,(NH.C,JI,)[1:4] [151°]. 
From aqueous diazotised 2)-nitranilino and 
alcoholic diphonylamine. The pp. is treated 
with ammonium carbonate, and the base crystal- 
lised from dilute alcohol (Meldola, C. J. 43, 410). 
Brown leaflets. Solutions are orange in 
alcoliol, turned violet by IICl; violet in cone. 
11, ^SO^. The hydrochloride forms nocdlec, with 
violet reflex, but is very unstable. 

p-Nitro-benzene-azo-resorcin 
[4:1] 0,II^(NO.,) -N,-CJI, (Oil)., [1:2:4]. Fr-mi 
p-diazo-nitro-benzene nitrate and resorcin in 
alkaline solution (Meldola, G. J. 47, 600). Brick- 
red crystalline powder ; KOHAq forms a violet, 
H.,SO, an orange, solution. 

p-Nitro-benzene-azo-w-xylidine 
[4:1] (NO.,).C,H,-N,-C,H,Mo.,(NH.,) [1:3:5: 2]. 
[141°]. From aqueous ^)-nitro-diazo-benzeno 
chloride and alcoholic 7»-xylidino hydrochloride 
(Meldola, 0. J. 43, 428). Tliero results a bulky 
reddish pp. of N02.C,n,.N2.NHC«H3Me2 which, 
on standing, changes to the scarlet hydrochlorido 
of the azo- compound. 

Properties,— Bx\ck-\'e^ needles (from dilute 
alcohol). Forms orange solutions in alcohol, 
acetone, benzene, chloroform, and cone. H,,SO,. 

Salts. — The chloride, sulphate, and nitrate 
form red needles with violet reflex, insoluble in 
alcohol.— (13'HCl),PtCl,. 

Nitro-oarboxy-benzene-azo-nitro-benzoic acid 
N.,(C,.Il3(N().,).CO.,H)d?). Formed by nitrating 
carboxy-bonzene-azo-ocnzoic acid (Golubeff, J. li, 
6, 197). • - Na.,A". — K.,A" 3aq. — Ba A".— EtjA" : 
[104°]. 

Bi-nitro-oxy-amido-benzene-azo-xylene 
ChH(NO.,).,(N 1L)(OII)— Nj-CJI^Me.,. From 

diazo-xylono chloride and di-nitro-amido-phenol 
in alkaline solution (Stebbins, jun., A. G, J, 
2 , 236). Brown powder, si. sol. cold water. 


Kitro-ozy-benBene-aiQ-beniene snlphoate 

aoid[3:4;l]0«H,(N02)(OH)-N.,-0,H,.SO,H[l:4]. 
From diazotised sulphanilio acid and o-nitro- 
phonol (Griess, B. 11, 2195 ; B. Meyer a. Kreis, 
B. 16, 1331). 

Nitro - ozy - benzene - azo - naphthalene 

sulphonicacid C,H,(NO.,)(OH) -N.,— 0,oH,,.S03H. 
From diazotised (a).naphthylamino sulphonio 
acid and o-nitro-phenol (Stebbins, jun., A. G. J, 
2, 236). Bod needles, v. sol. water. 

Di-nitro-oxy-beiizene-azo-napthylamine sul- 
phonicacidC,H,(NO,,).,(OH).N.,.C,„II,(NH,).SO,H. 
From diazo-di-nitro-phenol and (a).naphthyl- 
amino sulphonic acid (Stebbins, jun., A. C. J. 
2, 440). lieddish-brown dye; sol. water. 
Nitro-oxy-benzene-azo-nitro-phenol. 

Ethyl ether 

[2:.r:lJG;H,(OEt)(NO,).N,.C,K,(OEt)(NO,)[l;2:a;]. 
[190°]. Formed by nitrating o-oxy-benzene-o- 
iizo-phenol ethyl ether, and separated from the 
isomeric compound by alcohol, in which it dis- 
solves (Andreao, J. pr, [2] 21, 322). Needles 
(from alcohol). 

Nitro-oxy-benzene-azo-nitro-phenol. 

Ethyl ether 

[2:.r:ljC,;il,(OEt)(NO,).N,.C,H,(OEl)(NO,)[l:2:aj]. 
[285°]. Formed together with tho preceding (q. v.). 
Brownish-red crystals (from chloroform). Insol. 
alcohol. Dissolves without change in cone. 
HoSO,. Keducedbyalcoholic ammonium sulphide 
to the di-cthyl ether of dinitro-dioxy-di-phenyl- 
hydrazine. 

Di-nitro-oxy -benzene-azo-phenol sulphonic 
acid C,H,(NO,),(OH)-N, -C,4I.,(0II).S03H. 
From diazotised di-nitro-amido-phonol and an 
alkaline solution of phenol o-sulphonic acid 
(Stebbins, jun., A. G, J. 2, 230 ; G. N. 42, 44). 
Brown lustrous needles, si. sol. hot water. 

Nitro-dipheiiyl-azo-nitro-diphenyl (?) 

[4:1] C,H,(NCX).C,.H,-N, ■ C,lI,.C,;II,(NOo) [1:4]. 
[187°J. Froju p-dinitro-fliphenyl and sodium 
amalgam (Wald, B. 10, 137). Yellow powder 
(from alcohol). 

JU-Nitro-toluene-azo-aceto-acctic acid 
[4:2:1] C,lI,(CH,)(NO,) ~ N,-GH(CO.Cll,).COoH 
[176°]. Obtained by saponification of the ethyl- 
ether formed by the action of nitro-diazo- 
tolueno chloride (from nitro-p-toluidine [114°]) 
on an alkaline solution of aceto-acotio ether 
(Bamberger, B. 17, 2121). Long yellow silky 
needles. V. sol. hot alcohol and HOAo.— A'gBa. 

m-Nitro-toluene-azo-acetone 
[4:2:l]G,H3(On3)(NO,)-N2-GH,.CO.CH3.[134°]. 
Formed by the action of a dilute solution of 
acoto-acetic ether (1 mol.) and KOII (1 mol.) 
on a solution of nitro-diazo-tolueno nitrate (from 
nitro-p-toluidino [114°]) (Bamberger, B. 17, 2421). 
Orange-red prisms. V. sol. alcohol and ether. 

7n-Nitro-toluene-azo-acetophenone 
[4:lJ:llC,II,(CH3)(NO.,)-N.,-CH,.CO.C„H,. 
[168°]. Glistening yellow needles. Formed, 
together with nitro-tolucne-azo-bcnzoyl-aoetio 
ether, by adding a solution of nitro-diazo- 
toluene chloride (from-^n-nitro-p-toluidine 
[114°]) to‘an iced alkaline solution of benzoyl- 
acetic ether. 

Ketoxim 0„H,3N3(N0,):N0H:[174°] ; orange 
needles (Bamberger a. Caiman, B. 18, 2.566). 

7n-Nitro-p-toluene-azo-benzoyl-acetic acid 
[4:2:1] C,Il3(CH3)(N0,).N2.CH(C0.C,H3).C03H. 
[194°]. Its ethyl-ether is formed, together with 
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m*iHiro-2)-toiuene«azo-acetophenon6, by adding a 
solution ot m>nitro-j7-diazo-toluene chlorido to 
an iced alkaline solution of bonzoyl-acetio ether 
(Bamberger a. Caiman, B. 18, 2508). Silky 
yellow needles. V. si. sol. cold alcohol and 
acetic acid, more easily at the boiling-point. 

;j-Oxy-benzene-azo-benzene-;a-8ulphonic acid 
[4:1J CJI.fOH) [1;0J. From 

diazotisod amido-licnzone ;a-siilphonie acid and 
an alkaline solution of plieiiol. Jjoallets, Avilh 
violet rclle.x ; insol. other, v. sol. water and 
alcohol. -KA': long needles (Griess, li. 11, 2191). 

p-Oxy-benzene-azo-benzene-ji-sulpbonic acid 
[4:1J C,1I,(1{S03)— N,-C,JI,(OH) [1:1]. Tro- 
paolinc Y. rro]»:irod by tlio action of an aqueous 
alkaline solution of phenol on p-diazohenzono 
sulphonic acid (Griess, B. 11, 2192). Yellowish 
red prisms. V. sol. water and alcohol. 

Halts. — I>a A" : orange pp. — BaA'._. 2aq. — 
BaA'o 5aq : minute orange tablc.^, si. soL w.ater. 
— KA' : yellow rhombic leaticts, S. '20 at 15^ 
(Wilsing, A. 215, 252). 

2>0xy- benzene -azo- benzene sulphonic acid 
[4:1] 0,11,(011) N,- C„II,.SO,H. From azoxy- 
benzene (1 pt.) and fuming il.SO, (5 pts.) at 
110^^ (liimpricht, /i. 15, 1295; Wilsing, ^.215, 
229); Tschirwinsky (J. li. 5, 217) considers this 
acid to bo identical with the preceding. Small 
lustrous reddish plates, v, sol. water, m. sol. 
dilute acids or alcohol. I>r docs not act on the 
potassium salt. HnCl^ forms no aniline by re- 
duction. Halts.— KA'aq: H.‘85atl5^. -BaA'j. — 
AgA . - MgA'o Oaq. — Cn A'.^ Oaq. 

Chloride, [122°]. Orange 6- or 8-sidod 
plates. 

Amide. [212°]. Plates. 

Di-oxy-benzene-azo-benzene sulphonic acid 
[4:2:1] 0,H,(01i),-N2~C„H,.S0:,H [1:4]. Tro- 
pceolin 0. Chrysoine. Formed by sulplionatiiig 
bcnzene-azo-resorcin at 100° (Witt, G. J. 35, 
183) or from diazotised araido-benzeno y)-suJ- 
phonic acid and resorcin dissolved in KOHAq 
(Griess, B. 11, 2195). lied leutlets with steel- 
bluc rehex; v. si. sol. alcohol and cold water. - 
KA'.— BaA'.,4a(i. 

Tlie absorption-spectrum has been examined 
by Hartley (G. J. 51, 182). 

Di - oxy - benzene - azo - benzene vi - sulphonic 
acid [4:2:1] C„H,(OH), '-N,— C,;H,.H0J1 [1:3]. 
From resorcin and diazotised amido-benzene 
»»-sulphonic acid. Orange needles.— K A' ; hy- 
groscopic needles. 

Tri-oxy-benzono-azo-bonzeno sulphonic acid 
[2:4:6:1] C,.H,(0}1),-N.,- CJI^-SOall (1:4]. From 
diazotised amido-ben/eue p-sulphonic acid and 
an alkaline solution of phloroglucin (Htebbins, 
C.N. 42, 44; A. C. J. 1, 465; 2, 236; B. 13, 
716). Yellow leailots with green lustre. —NaA' : 
yellow leaflets, easily soluble in water. • 

jo-Oxy-b€nzene-?a-azo-benzoic acid 
[4:1] CJI,(OH)-N., -C,H,.CO,H [1:3]. [220°]. 

Formnlioii. — 1. From ?7i-diazo-benzoic acid 
and phenol (Griess, B. 14, 2032). —2. By gently 
warming vi - carboxy-diazo-benzem ?- m -carboxy- 
anilido CJI,(CO,H).N,..MI.C„H^(CO,H) with 
phenol, ?7i-amido-benzoic acid being eliminated 
(Heumann a. Oeconomidcs, B, 20, 906). Red 
needks or plates ; sol. alcohol and ether, si. sol. 
water. Dyes wool and silk yellow.— BaA'g 3Jaq. 

Di-oxy-benzene-m-azo-benzoic acid 
[4:2:1] CsH,(OH).,— N.-C,H,.CO.,H [1:3]. Pre- 


pared by the aotipn of m-diasobenEoio aoid on an 
alkaline solution of resorcin (Griess, Ji. 14, 2034). 
Brownish -red needles or brownish -yellow platea. 
Sol. alcohol. Dyes wool and silk yellow. 

Oxy -benzene -azo - 2 ) -cresol. Ethyl ether 
[4:1] C,H,(OEt)-N.,-aiI,(CH,)(On) [1:5:2] 

orCJI,Mo< ( . [104°]. Formed 

\N,H.C,.Hi^Ie(OFt) 

by combining p-diazo^plionctol with p-oresol 
(Liebcrmanii a. Kostaiiccki, li. 17, 88,3). Golden 
plates. Hoi. alkalis. Dissolves in IJ.HO4 with a 
brown coloui*. On reduction it gives 2>-ainido- 
phenetol and amido-p-crcsol. 

o-Oxy-benzene-azo-o-cresol. Methyl ether 
C,H,(OMe)-N.,-C,II,Me(t)Il). [68°]. From 
diazotised o-anisidino and o-cre.sol (Kanonnikoff, 
J. II. 1885, 369). Di-methyl ether [103°]. 

o -Oxy - benzene - azo - m - crosol. Methyl 

ether. [161°]. Prepared like the preceding (K.). 

Di-oxy-benzene-azo-))/-cumene 
[4:2:1]C,H,(0J1),— N, [199°]. Formed, 

together with iho disazo-compound, by com- 
bining diazo - cumene chloride (from amido- 
pseudo-cumcno [62°]) with resorcin (Licjbermann 
a. Ko.stanecki,D. 17,131,882). Small red noodles. 
Dis.solves in alkalis with a brownish-yellow 
colour. 


Bi - oxy - benzene - azo - hydroquinone 

[5:2:1] C,JI,(OII),-N.,-C„H3(OII)., [1:2:5]. AzO‘ 
hydroyxiinone. Tetra-meAh t/l derivative 
C„Il3(OMe).,.N,.C,i}r,(OMc),. [140°]. Formed by 
reduction of nitro-di-methyl-hydro(iuinoiio in 
alkaline solution (Baessler, B. 17,2124; 0.0. 
1886, 671). Red needle.s, V. sol. alcohol, ben- 
zene, chloroform, and CH., v. si. sol. water. 
Dissolves in strong IICI with a blue colour. 

Tetra-cthyl derivative [128°]. From 
nitro-di-cthyl-hydroquinouc, powdered zinc, and 
alcoholic potash (Nietzki, B. 12, 39). 

Di-oxy-benzeno-azo-naphthalone sulphonio 
acid [4:2:1] C,;il3(On).,-N,-C,oH,,.H03H [1:4]. 
From diazotised (a)-naphthylamino sulphonio 
acid and an alkaline solution of resorcin (Hteb- 
bins, jun., A. 0. J. 2, 36 ; 0. N. 42, 44). Dark- 
brown needles, sol. water. 


2)-Oxy-benzene-azo-(a)-naphthylamine 
ri;lj C.II,(OH)-N,-0,.n..NU, [UO^. 

Prepared by tlie action of T^-diazophonol nitrate 
on (a)-naphthy]amino (Weselsky a. Benedikt, B, 
12, 229). Orange needles (containing 3aq).-- 
B^H;,S046aq : green needles, insol. water. 
o-0xy-benzene-azo-(|3) -n aphthyl amine 
^Nn 


[2:l]C.H,(On).N,G,JI, or 


N,n.C.H,OH. 


o-Oxy-henzcne-hydrasimido-naphthalene. [103°], 
Formed by combiniijg o-diazo-phenol with (/3)- 
naphthylaminc. Slender red needles (from alco- 
hol or acetic acid), or dark red platea (from 
benzene). It dissolves in aqueous or alcoholio 
NaOH, but is insoluble in water. By heating 
at 150° with HCl it is split up into (i8)-naph- 
Ihylnmine.pyrocatechin, and nitrogen. Bromine 
in cold acetic acid solution gives di-bromo-(i8)- 
naphlhylamine, a brorainated pyrooatechin, and 
nitrogen. On reduction with zinc dust and 
acetic acid it yields (l:2)-naphthylene-diamine. 

Acetyl derivative [198°]. 

Benzoyl derivative [183°]. 

0 0 3 
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MethyX $ther OeH,(OMe).N,0,flH, [138^ ; 
dark>red monoclinio prisms ; insolnble in water 
(Sachs, B, 18, 3125). 

p*Oxy< benzene-azo- (^) -naphthylamine 

.NH 

[4;l]C«n,(On).N,AoH,or C. A< I 

j^Oxy-bmzcnr-hiidrazhywlo-Jinphthalenc. [103*^]. 
Formed by coiribining yj-Jiazo-phenol with (jfl)- 
naphtliyliiniine. Flat red prisma. V. sol. benzene 
and acetic acid, in sol. water. By heating at 
160^ with IICl it is split up into (j8)-nai)hthyl- 
amine, hydroquinone, and nitrogen. Bromine 
in cold acetic acid solution gives di*bromo-(/3). 
napththylamino, a broniinatcd hydroquinone, 
and nitrogen. On reduction with zinc dust and 
acetic acid it yields (l:2)-nai)hthylenc-diainine 
(Sachs, B. 18, 

Mono-acctyl drrivatijye [218°]. 
ilf on 0 -hen,? (I ji Icier i i.’ a t i r c [2 M °] . 
Oxy-bcnzorie-azo orcin. Mcllnil ether 
C,H,(OMe).N,..CVir.d<nr)3re. llair-like needles 
(Stobhins, A. 0. J. 5, \V1). 

o-Oxy-bciizene-o-azo phenol 
[2:1J Cjr,(()Ilj N, 0„ll,(()H) [1:2]. o-/f,?o- 

vhcnol. [171'^J. S. (alcoiiol) *3 at 20°. Pre))ared 
hy (using o-iiitro-plieiiol with KOI! (WeseUKy 
a.Benodikt, C. 11, OilS ; y(. 19G, 311). Golden 
leaflets; may be. sublimed. In sol. water. 

liecidions, -1. Bromine added to an ethereal 
solution (onus a tetra-bromo-derivative. 2. 
Chlorine passed into an acetic acid solution 
forms a tri-cliJoro derivative C,.df,Cl 3 (()fI)_,N.^ 
[235°] (Bohn a. iroiuu<i,nn, B. 17, 275). — 3. 
Nitric acid forms (1, 2, d)-di-nitro-pbenol 
B t hy I ether } ( 1,1 1 ,(OFd ) 1 [13 1°]. 

O-Nitro-plieiiyl-cthyl ether CJT,(OKt)(NO._.) 
is dissolved in aleoiml and reduced with sodiiim- 
anialgam (5 per cent.), the liquid being allowed 
to boooino hot. 'ri:e prndnet is poured into 
water, and the i>p. exlr.-uded by.strongllCl which 
dissolves tho n/o- eompound. On pouring tlu; 
nCl solution into wnler. o ir'o-phonetol is thrown 
down (It. Scliinitt a. Meblau, J. yr. 120. 202). 
Properties. — hcmit, n'd prisms (from alcohol). 
Melts underwater, but inscduble Ihen'in and not 
volatile with sleam. It begins to boil .*it 210°, but 
suffers dccompo.sifioji nt the .satno time. Be- ; 
actions.— 1. Ihiduced by alcoholic ammonium 
sulphide to the corresponding hydrazo-eompound 
(q. V.). 2. Cold fuming llNOj forms a nitro-, 
»nd a di-nitro-, derivativ('. 

7n-Oxy-bcnzeno-7«-azo-plienol Ethyl ether 
/3:1] C,U,((H;t)--N., -C,H,(OEt) [1:31. in-Azo> 
phenefoJ. [!li°J. Fonmvl by reducing 7W-nitro- 
phcnctol in alcoholic solution with sodium 
amalgam (^F. Buehsfab, J. pr. [2] 20, 200). 

iVo/)c/7/V.s’.- Orange prisms (from alcohol). 
f5ol. ether. Lisol. water and (difference, from o- 
compound) in cone. HCl. Bcduced by H.B and 
alcoholic ammouia to 7a-hydrazo-phcnetol. 

p-Oxv-benzenc-u-azo-phenol 
[4:1] CJF,(()11) SV C„lI,(Ori) [1:4]. p-Azo- 
phenol. [204-]. 

Formation. -1. T)y potash-fusion from p- 
xiitroso-plu'uol (Jaeger, B. 8, 1100), p-uitro- 
phenol (Weselsky a. Benedikt, A. 10(5, 330), p- 
oxy-bcnzcMo-azo-benzene jj-su1phouic acid, or p- 
sulpho-beu/.cne-a'.'.o beu::ene p'sulphoiiic acid 

§ Bohn a. IF niuann. ./?. 15, 30:>7).--2. From p- 
ift2b*phor.ol nitrate and plicnol potassium. 


Propertiet.— Slender brown needles with 
blue reflex (containing aq); si. sol. water, v. 
sol. alcohol. Bromine gives a tetra-bromo 
derivative. Nitric acid (1, 2, 4)-di-nitro-phenol. 
Chlorine gives tri-chloro-phenol. 

Salt.— BaC,2HsN.,02 4aq. 

Ethyl ether C,H,(OEt) -N,,-C„H,(OEt). 
p-Azo-phcnctol [100°] (S. a. M.) ; [158°] (A.). 
Formed hy adding sodium-amalgam (5 p.c.) to 
an alcoholic solution of p-nitro-phcnyl-ethyl 
ether, precipitating the product with water, boil- 
ing it with dilute HCl to remove amido-phenyl- 
cthyl-ethcr, and crystallising from alcohol 
(Schmitt a. IMohlaii, J. 120, 199 ; Hepp, B, 
10, 1052; Andrcae, J. 7 )r. 129, 33.3). Properties. — 
(iHttering golden plates. M. sol. cold alcohol, v, 
sol. ciherand chloroform. Distils with difficulty. 
Bcactions.— l. Fuming UNO;, forms the ethyl 
ctlicr of di-nilro-pljcnol {q. v.) and two i.sonicrio 
Iri-nitro-azoxy-plienol ethyl ethers.— 2. HClAq 
at 130° gives EtCl andp-azo-phcnolN.,.(C,;H 40 H)j, 
but at 150° chloro-y)-amido- phenol is got 
(,Schmil.t, J.pr. [2j 19, 313). 

7 )-Oxy-benzenc-azo-diphenyl sulphonio acid 
[1:1) OJI,(()il) -N, -C,Il,.C,n,.SO,H. From 
d.ia.zotised 7 )-aniido-diphenyl sulphonic acid and 
phenol (Cavjujllcy a. Bchlevolmann, C. J. 49, 
380). Yellow dye.— BaA'j : insol. cold water. 

m - Di - oxy - bouzene-azo-diplienyl sulphonic 
acid [4:2:1] 0,11,(011)., -N, 

F'rom diazotised p-amido-Jiplienyl sulpliotiic 
acid and resorcin (Camel ley a. Sclilcvelmann, 
C. J. 49, 382).-Na.\'. -BaA'.,. 

7 )-Di-oxy-i)enzone-azo-diphenyl sulphonic acid 
[5:2:H C,H,(()II),.N.,.C,H,.C,R,.SO.,ll. ^ From 

diazotised p-amido-dipli(‘nyl sulphonic acid and 
hydroquinone (Cavnelley a. Sclile.volmann, C. J. 
49, 382). 

7 }-Oxy-bonzenc-azo-phloroglucin 
C. II, (Oil) — N.,- C„1 r,(OI I);s. Two modifications 
!t]>pear to bo formed by tlic action of ;)-diazo- 
)>iunof nitrate on ])hloroglucin (Wesjelsky a. 
Bimedikt, Ji. 12, 227). (a) Jted cryslalline pow- 
der (containing 3aq), sol. alcolioL ()8) Green 
amorphoiLs ma.s.s, insol. alcohol. 

7 ;- 0 .xy-benzcne-azo-resorcin. Ethyl - ether 
[4:l]C,H,(OJ'U)-N,,-C,II,(On)., [1:2:4]. [167°]. 
Formed by tho action of p-diazo-phenetol on 
resorcin (Liebcnnann a. Kostaneedd, B. 17, 883), 
lied plates. Hoi. alkali.s. Dissolves in H;SO, 
with a browni.sh-rcd colour. 

Dioxy-benzeno-azo-resorciti 
[2:0:1] 0,11,(011)., -N,-C«H,(OH), [1:2:1]. Tctra- 
oxipazo-benzcne. 

^ Di-ethyl ether C,H,^OEt),.N,.C,H,(OH),. 
[182 Formed by combination of the di-ethyl 
ether of o-diazo-rcsorcinC,II,,(OEt).^N.DH [6:2:lj 
with resorcin. Light reddish-yellow needles. 
V. sob alcohol and ether, insol. water. Dis- 
solves in cone, alkali with a reddish yellow 
colour, whidi becomes a s[)b’udid carmine-rod 
on dilution (Pukall, /?. 20, 1151). 

Dioxv-benzene-azo-resorcin 
[2:1:1.] c'H,(Oll).,.N.,.CJl 3 (On)., [1:1:2J. Teira- 
o.ry-azo-hcn re nc. 

Di-eth yl ether 

C,JI,(()Et),-X.,- C,ll,(OH),. [193 ]. Formed 

by combination of tho di-ctliyl ether of ^-diazo- 
ve.«orcin C,lIa(GEt)..N.pH (4:2:1] M'ith resorcin. 
Hinall brown needles or short pri.sms with green 
reflex. V. Eol. alcohol, ether, and aqueous 




tlkftlis, insol. water. Carmine-rod dyestuff 
(Pukall, B. 20, 1U4). 

Oxy-benzone-azo-resoroin-di-sulphonio acid 

Mono-methyl ether 
0 ,H,( 0 Me).N 2 .Cji( 0 H),(S 03 H)„. Yellow plates 
(Stcbbins, A. C. J. 5, 55). — BaA''a(|: needles. j 

^-Oxy.benzenc-;)-azo-tolueiio j 

[4:1] C,H,:\lo-N.-C, .11,(011) [1:1]. [151"]. 

Formed b.y {'ciilly warming /i-diazo-tolucno-n- 
toluide with pli( nol, ^)-toluidin«3 being split off 
(Ileumann a. O '(‘urioinid.'ti, /i. 20, 905), or by 
warming p-nitroso-loluene with n-tolui<lino ace- j 
tate (Kimic'li, JJ. 8, 10;>0). Orange prisms, with 
blue roflt'x. 

7?i-Di-oxy-bcn7ene-o-azo-toluene 
[2:1] C, 11,(011,) (Oil)., [1:2:4]. [195'"]. i 

(W.); [i78'"j(F.). l'’orm«'(lbythoaetinnofo-(lifizo- ' 
toluene on resorein. llrownisii-rod felted need Ips. 

Acetyl derivative [75°]. Orange-yellow j 
plates (Wallach, B. 15, 2825 ; cf. Fischer, B. 20, 
1570). 

7a-Di-oxy-benzeae-/).azo-toluen0 
[4:1] CJT,(CIJ,)—N., - 0,11,(011)., [1:2:1] [lorj. 
Prepared by tlie aetion of p-diazo-tolueno on 
resorcin, or by gently wannitig y^-diazo-toluene- 
p-toluido with resorcin, p-lolnidino being split 
off (llouimuui a. Oceonomides, B. 20, 900). 
lleddisb-yellow needles : sol. alcoliol, ether, and ; 
aqueous alkalis. Acetyl ire i98 ']. 

Oxy-beiizene-azo-toluidine I 

[5:2:1] C,.1I,((:II,)(X1L)-N,,-CJI,0II [1:IJ. ' 

[172"J. Formed by saponification of the acetyl 


O.H,(OMe)(00,H)~N,~0.oH,(OH)(SO,H).From 
diazo-anisio acid and (i3)-naphthol sulphonio 
acid. Brown needles. Dyes wool scarlet, 
BaA", 8aq (Griess, B, 14, 2039). 

Oxy.carboxy-benzene.azo-{/l).naphthol-(o)-di- 
sulphonic acid Methyl derivative 
C,.Ii,(O:de)(CO.JT)-^XV-0,,,l],(()ll)(SO,lI).,. Pre. 
pared by the .action of diazo ani.sic acid on an 
alkaline solution of (/))-nMp!illiol-(a)-di-siilplionio 
acid (Griess, B. If, 20 ID), himall dark-red 
needles (containing ibi?]). Sol. water, and 
abadiol, insol. ether. Jhs's a blneisli shade of 
scarlet. A'"HK., Oaq : red crystals, .'-'ol . hot water. 
Oxy-carboxy-bciizeiic-azo-oxy-boiizoic acid 
.1) i - 111 eth nl dc r i v a t i v e 
c,H,(GMej(Cxy.n)- X, ('„ir,(()M<0((x\.n). 
Fornu.'d by llie action of sodium :un;il;-'ain on an 
alkaline solution of nitro-aMi.si<.*. acid. Insol. 
water. Ba.V"aq {Alexejel'f, C. Ji. 55, i7‘J). 

Dioxy. carboxy - methyl-pbthalido-azo-clioxy- 
plithalido-acetic acid 

Tetra-methyl (fc7'i7>/7Jii;cC.,ri .. X,0,., t.e. 

.CM.ClL.COir) 

A::o-incconic-acetic acid. [c. 257'^). Obtained 
by reduction of nitro-di-iiietlioxy qditluilide- 

uwlio acul PQ JJ 

witli zinc-dust and a(itieous XI I,. Yellttw crystals. 
Insol. water. Dissolves in cone. ll .SO, with a 
deej) hhieish-violct colour (Klceman, B. 20, 880). 


derivative. Slender brown needles. Sol. alcohol 
and oilier, v. si. sol. cold water. Dissolve.s in ! 
aqueous acids and alkalis. 

Acetyl derivative 
C«IF(CIT,)iXIIAo) - X,-C,n,OH. [25.3^]. 
Prepared by diazotising the mono-acetyl deri- 
vativo of (1:2: t)-tolylene-diamino and combining 
it with plumol (Wallacli, B. 15, 2820). Yellow ; 
plates. Sol. acetic acid and in aqueous alkalis, j 
b 1. sol. alcoliol. j 

Di-oxy-benzeuo-azo-xylone (Wallach, B. 
15, 25). Formed by adding diazo-xyleno chloride 
to an alkaline solution of resorcin. 

Di-oxy-benzene-azo-xylene sulphonic acid 
[4:2:1] C„H 3 (On),-N,— C„II,Me,S()„H. Prepared 
by the action of an alkaline solutioii of resorcin 
upon diazo-xyleno sulphonic acid. Slender • 
orange needles, si. sol. liot water ; in. sol. alcoliol 
(Griess, B. 11, 2197). 

Oxy-carboxy-benzene-azo-naphthalene 
0,oH — N,- C.,n 3 (OTl)(CO,H) [1:1:0]. From 
naphthvlamine h 3 alrochlori<le (9 g.), IICI, water 
(500 g.)) and NaXO, (.3-45 g.) at 0", the filtrate 
being poured into a solution of salicylic acid ; 
(6'9g.) and NaOH (Og.) in water (500;'.). The ; 
liquid is filtered and tlio sodium salt ppd. by j 
NaCl (P. F. Frankland, C. J. 37, 7 17). Salt.- 
NaA'. S. ’07 (cold). Dyes silk ]ialG yellow. ' 
Reduced by Sn and JICl to naphtliylamino and 
ftmido-salicylic acid, C,4l3(XII,)(01ljC0JI. 

Oxy -carboxy-benzene-azo- (is) -naphthol 
Mono-methyl derivative 
C6H,(OMc)(CO,li)— X.,-C,„H«(OII). Prepared 

by the action of diazo-anisic acid on an alkaline 
aolution of (;3)-naphthol (Griess, B. 14, 2039). 
Small red needles or plates (containing l|aq), 
SI. sol. alcohol. A'.Ba 4aq : red minute needles. 

Oxy-carboxy-benzene-azo-(/3) naphthol «ul- 
pbonic acid. Methyl derivative 


Tri - oxy - carboxy- toluene - azo-lri oxy-toluio 
acid. Anhydride of the tetra-methyl 
derivative. 

(o:.-,) (1) (A) (\) ((5;r,) ( 1 ) 

C.1 r. ),< a > j i ( • • m c ),( co, ^r). 

(3) (3) 

[c.215]. Formed bv laMliiclion of nitroso-opianio 
acid C,,TI(OMc),(X())(CllO)(CO,ll) with zinc- 
dust ami aqueous XHa. Dissolves in alkalis 
with a 3 ‘ellow colour, in cone. Jl.SO, with an 
intense purple colour. — AgA' : microscopic 
ju'edlcs (from hot water).— l-ItA' : [10 1“], yellow 
needles, v. sol. alcohol, ether, and benzene 
(Kleemann, B. 20, 878). 

(/3)-Oxy-iiaphthalene-azo-hlppuric acid 
COJl.Cir,.NlI.CO.CJl, X, - a,J l„(OIl). Pro- 
pared by the action of diazo-]ii})puric acid on 
ail alkaline solution of (/J)-mipbl]iol (Griess, B, 
J4, 2010). Beddish-yellow needles. Si. 0ol 
alcohol, V. si. sol. water and ether. 

(a)-Oxy-(a)-naphthalene-(a)-azo-naphthalena- 
(a)-sulphonic acid 

f 4:11 C,„lI,j(OH) - N.,--G,„Hj..SO,II [1:4]. From 
diazotisod (o)-naphrbylamino sulphonic acid and 
(a)-naphthol. The af orption-spiectrum has been 
examined by Hartley (C. J. 51, 198). 

{$) - Oxy ■ naphtha’ ene - azo-naphthalene sul. 
phonic acid C,olI,j(OJl) -Nj- C,Jf,,SOJI. From 
diazotised (a)-naphtliylaminc sulplionic acid and 
(/3)-naplitbol (Caro; Griess, D. 11, 2199). Red- 
di.sli-brown needles (from alcohol). Bed dye. — 
BaA'.^. The absorption-spectrum has been 
examined by Hartley (C. J. 51, 197). 

Oxy - propyl - carboxy - benzene - azo - oxy- 
propyl-benzoic acid 

CO,n.C.H,(C(OH )M.-,)-X,-C,TT3(Cf on )Mp,)CO,H. 
Formed by reduction of nitro-oxy-propyl-benzoio 
acid with sodium - amalgam and water fWid- 
mann, B. 15, 2550). Yellow plates. V. si. soL 
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most ordinary solvents, si. sol. aoetio aoid.— 
NajA" lOaq ; thin red rectangular tables. 

Oxy.snlpho-benzene'azo-benzoio acid 
[3:1] C,H,(COjPl)-Nj— C«H3(0H)(IIS0,) [1:4:3]. 
rrepared by the action of 9n-diazobenzoio acid 
on an alkaline solution of phenol-o-sulphonio 
acid (Griess, B. 14, 2033). Brownish-red crystals 
(containing ^aq). Sol. water, alcohol and other. 
Yellow dye.* Salts. — A"HKaq: yellow plates 
or needles, si. sol. cold water.— : small 
yellow needles or plates.— A"Ba aq : yellow crys- 
talline pp. 

Oxy - snlpho - benzene - azo - naphthalene snl< 
phonic acid C„n3(OII)(S03H) -N,-C,oTI,.S03H. 
From diazotised (a)-naphthylamine sulphonic 
acid and phenol sulphonic acid (Stebbins, A. G. J. 

Oxy-toluene-azo-toluene sulphonic acid 

[4:2:1] O.H,(OIT,)(S03n)-N.-O.Tf,(aif,)(OJl) [1:5:2]. 
Formed by thoactionof _p-diazo-toluene sulphonic 
acid (by diazotising p-toluidine-sulphonic acid) 
on an alkaline solution of p-crcsol (Nolting a. 
Kohn, B. 17, 35H). Iteddish-brown crystals 
with violet rcllection. V. sol. water, si. sol. 
alcohol. Salts. — A'Na: soluble yellow plates. — 
A'jBadaq: small reddish-brown needles, si. sol. 
hot water. 

Diphenyl-azo-diphenyl 

Na™C,iH^.CJl5. [250^]. Orange- 
red plates. Sol. ether, insol. water, alcohol, and 
acetic acid. Formed by reduction of 2>-nitro- 
diphenyl with sodium-amalgam, and by the dry 
distillation of hydrazo-diphenyl. Prepared by 
oxidising an alcoholic solution of hydrazo-di- 
phenyl with Fe.Cly (Zimmermann, B. 13, 19G2). 

Phenyl - acetic - azo - phenyl - acetic acid v. 
e.ro-CARnOXY-T()LUENK-AZO-l'HENYIi-ACKTIO ACID. 

Phenyl - amido - benzene - azo - benzene - sul- 
phonio acid 

[4:1] CJI,(S03H)-N,-C,H.NHPh [1:4]. Tro- 
V(Polme 0.0. Prepared by the action of 7)-diazo- 
benzene sulphonic acid on an alcoholic solution 
of dipheiiylamino (Witt, C. J. 35, 187 ; B. 13, 
262). Steel-blue hair-like needles. SI. sol. water. 
Salts. — A'K: flat yellow needles; si. s5l. cold 
water.- A'Na. — A'NH^.— A'NIlMe,: large yellow 
leaflets. — A^^Ba and A'. .Co, : insoluble yellow pps. 

Phenyl-glycollic-o-azo-phenyl glycollic acid 
N3(C«U,.O.CIL.CO,li),,. [162‘^]. 

Prqxiration. — o-Nitrophenylglycollio acid 
(18-6 g.) water (140 g.) and NaXO^ (5 g.) are 
treated at 60® with sodium-amalgam (215 g. of 
4 p.c. amalgam). The crystals which separate 
on cooling are dissolved in very little water and 
the acid is ppd. by acetic acid. The product 
is recrystallised several' times from alcohol 
(A.Thate, J.pr. [2J 21), 161). 

Proper/ Orange silky needles, contain- 
ing 2aq (from water or dilute alcohol). When 
dry (at 110®) it is brick-rod. Sol. ether, alkalis 
and strong acids. Its solutions are yellow or red. 

lleactions. -1. Aqueous solution is acid to 
litmus and gives with AgNO, a red gelatinous 
pp., and with Pb(OAc)3 ^ flocculent yellow pp, — 
2. Beduced by alcoholic NH, and ILS to the 
corresponding hydrazo- compound, the potas- 
sium salt of which, N.,H,(C JI,.O.CH,CO.,K)2 3aq, 
crystallises from alcohol in rhombohedra. 

Salts.— K.^A"3aq. Orange plates. Its 
iclution gives with BaCl.^ a red crystalline pp. ; 
with Pb(OAc)2 orange flocculent pp, ; with 


AgNOt, A red flocculent withi Fe^Clj an 
orange pp. ; with CuSO^, a brownish-yellow pp. ; 
with HgClj, on boiling, a red pp. ; with MgSO, 
after some time, an orange crystalline pp.— 
Na.A" 3aq.— Ag,A" 3aq. — Ba A" 2aq. — CaA" 8aq. 

Ethyl ether. EtjA". [111®]. Bed crystals. 
Phenyl-glyoxylio-azo-phenyl-glyoxylic acid 
CO,H.CO.C«H,-N,-C,H,.CO.CO,H. Azo-hen- 
zoyl-forrnic acid. Orange needles (containing 
2aq and melting at [135®]. When dry it melts 
at about 151®. Prepared by reduction of ?;*- 
nitro-benzoyl-formic acid with FeSO^ and KOH ; 
yield, 60 p.c. (Thompson, B. 16, 1308). SI. sol. 
ether and cold water, insol. acidulated water, 
chloroform, or benzene. Very stable body. 
A cold saturated aqueous solution of the acid 
gives with BaCU or CaCl^ a micro-crystalline 
pp., witli .\gNO3 a yellow flocculent precipitate.— 
A"Ba: orange crystalline pp., insol. water. — 
A"Ag,, : orange-yellow slightly soluble pp. 

Phenyl-pyrrol-azo-benzene 

C,H3.N2.g = CH 
I CuH5.N3.C^H3NPh probably NPh| . 

HC - CH 

[117°]. Prepared by adding diazobonzerie chlo- 
ride (1 mol.) to plienyl-pyrrol (1 mol.) dissolved 
in alcohol containing AcONa. Brown prisma or 
long reddish-yellow needles with blueish reflec- 
tion. V. sol. alcohol. Dissolves in cone. Hj;S04 
with a reddish-violet colour, in alcoholic IICl 
with a blood-red colour. Beduced by ziiic-dust 
and NHjOr NaOH to aniline and (probably) amido- 
phenyl-pyrrol (0. Fischer a. Hepp, B. il), 2256). 

Di- propyl - amido - benzene - azo - di - propyl- 
aniline C«H,N(C3H,)3-N3— CJI,N(C3lL)3. Di. 
propyl-aniline-azifline. [90®]. Formed by passing 
NO through an alcoholic solution of di-propyl- 
aniline (Lippmann a. Floissner, B. 15, 2140; 
16, 1417). Large trimctric crystals, a:h\c:=* 
l:-6‘29:-913. Picrato B"(C,.1L(N0.,)30H)2 : 
orange-red insoluble crystals. — Period! do 
B",!,, : violet glistening needles. 

Pyrrol - azo - benzene CJL— 
CJl3.N2.g-CH 

probably NH| . [62®]. Prepared by 

nc=cii 

adding the calculated quantity of a moderately 
cone, solution of diazo-benzene chloride to a well- 
cooled solution of pyrrol (2 pts.) in alcohol 
(100 pts.) with addition of sodium acetate (5 pts.) 
(Fischer a. Hepp, B. 19, 2251). Yellow needles. 
V. sol. alcohol, ether, and petroleum spirit, si. 
sol. water. It has basic properties. Easily 
reduced (c.g., by zinc-dust and alkalis) to aniline 
and (probably) amido-pyrrol. Beadily combines 
in alkaline or neutral solution with a further 
quantity of diazo-compound, giving disazo-bodies. 
Dissolves easily in dilute HCl with a reddish-yellow 
colour. Dissolves in cone. H.SO, with a yellow 
colour. The platino-chlorido forms small red 
cparingly soluble needles. 

Pyrrol-^-azo-di-methyl-aniline 
C„H,(NMe,) -N., -C J13NH. [159®]. Formed 

by combining' p-diazo-di-methyl-amido-benzeno 
with pyrrol in dilute alkaline solution. Glitter- 
ing green plates. Dissolves in very dilute HCl 
with a grass-green colour, in cono. HCl with a 
greemsh-yellow colour. PtCl, gives a dark 
green amorphous pp. (Fischer a. Hepp, B. 19, 
2257). 
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prob»bly . " ’ NH| . [103®]. Formed by 
H6 = CH 

adding (o)-diazo-naphtbalene ohldride (1 mol.) 
to pyrrol (1 mol.) dissolved in alcohol contain- 
ing sodium acetate. Keddish-yollow plates. V. 
sol. alcohol (0. Fischer a. Hepp, B. 19, 2255). 
Pyrrol-(/3).azo-naphthaleiio 

c,oH,.N„.g=cn 

C,oH— No-C.njNH probably "NHI 

nc-cH 

[101°]. Prepared by adding ()8)-diazo-naplithalene 
chloride to an alcoholic solution of pyrrol con- 
taining sodium acetate, (xold-bronzy plates 
(0. Fischer a. Hepp, B. 19, 2255). 

Pyrroh/j-azo-toluene C«H4Me- N,— C4ll3Nn 
C,H;.N,.g = CH 

probably Nit | . [82°]. Prepared by 

IIC-CH 

adding p-diazo-toluene chloride (Imol.) to pyrrol 
(1 mol.) di.ssolved in alcohol containing sodium i 
acetate (Fiselier a. Hepp, B. 19, 2254). 

7)i-Sulphi- benzene - azo - benzene-^a-sulphinic 
acid CJI,(SO,H) -C,iI,(SO,H). 

Azo~henscne. di-suJphinia acid. Obtained from 
C„.H,(SO.,SII).N,,.C,iH,(SO._,SH) by treatment 
with sodium amalgam (Limpricht, B. 18, 1478; j 
Bauer, A, 229, 803). Yellowish amorphous , 
mass, si. sol. cold water, insol. ether. j 

Salts. — N ao A" .r aq. — Ca A" 1 \ aq. — Ba A". — 
PbA". These salts are readily oxidised {e.g, by j 
KMnO, or I in KI) to the corresponding di- ' 
sulphonates. Cone, ammonio sulphide converts 
them into the di-thio-di-sulplionatcs. They are 
not reduced by sodium amalgam. Boiled with 
IICl the acid clots together, iDut cone. HCl. at 
110° forms (2 p.o. of) an isomeric base. 

p-Sulphi - benzene - azo - benzene - p- sulphinic 
acid SO,J t.C„H,-N.,~C,H,.SO.,H. 

Azo- henzene p-di-suipliinic acul. Prepared from 
S0.,C1.C,H,--N, -C„H,.S0.,C1 and Ba(SH)., or 
from NaS.SO.,.C„H,.N2.Cji,.SO,.SNa by sodium 
amalgam (Limpricht, B. 18, 1475; Bauer, A. 
229, 869). The free acid is ppd. by HCl from 
its salts as a bulky yellow mass, sparingly soluble 
in water or alcohol. Clots together when heated 
with acids. Salts. — Na^ A" 4aq.— BaA". 

Sulpho-benzene-azo-amido-ethane v. Sulpho- 

BENZE NP: -AZO -ETII YLAMIN B . 

j7-Sulpho-benzene-azo-di-amido-benzoio acid 
[4:1JC„I1,{S0,H)-N2— CJ1.,(NIL).,C0.,II[1:4:2:6J. 
Formed by tlie action of p-diazo-benzene- 
Bulphonio acid on s-di-amido-bcnzoic acid 
(Griess, B. 15, 2199). Needles or plates. SI. sol. 
water, cold alcohol, and ether. Very unstable. 
Decomposes by boiling with water. On reduction 
it gives sulphanilic acid and (6:8:2:l)-tri-amido- 
benzoic acid. 

Ralplio-b6nzene-azo-aniline-sulphonic*acid 
[4:1] C«H,(HSOj)~N 2— C„H,(HS0,1NH, [1:?:!]. 
Amido-azO’be?izejie disulphonic acid. Formed 
by Bulphonation of ^j-amido-benzenc-azo-ben- 
zene-j)-8ulphonic acid (Griess, B. 15, 2187). 
Violet glistening needles. Sol. liot water. Dyes 
silk and wool yellow. On reduction with tin and 
HCl it gives sulphanilic acid and ^^-phenylene- 
diamino-sulphonic acid. BaA"7^aq; orange 
needles, sol. hot water. 

m-Sulpho-benzene-azo - benzene-m - snlphonio 
acid [3:1] SO,H.C,H,~N,— C.H,.SO,H [1:3J. 


Fomation.'^l, From nitro>beniene m-suL 
phonic acid by treatment with sodium-amalgam 
(Claus a. Moser, B. 11, 762) or, better, with 
powdered zinc and EOH (Mahrenholtz a. Gilbert, 

202, 332). — 2. One of the acids got by sul- 
phonating benzene - azo - benzene at 160® 
(Janovsky, ilf. 3, 244).— 3. From potassium »n- 
amido-benzeno sulphonate and KMn04. 

Monoclinic prisms, si. sol. water and alcohol, 
insol. other. 

Salts. — Na2A"34nq,: monoclinic crystals.— 
(Nn,).A"2aq. — CaA"4aq. — BaA"5aq. — 
PbA" 4^aq. 

Amide [290°]. Prisms, si. sol. water, 

Ethgl ether Et, A.". [100°]. 

Chloride C‘H,(SO,C1).N,.C,JI4(S0201). 
[166°]. Acts upon cold cone. a<iueous Ba(SHL 
I thus: C,H,(S0,C1).N,.C„H4(S0.D1) + 2BaH2S*- 
I N,(C„H,.SO,.S),Ba + BaCl, + 2lLS forming thio- 
sulphr»-bcnzenc-azod)onzene-thio-8ulphonio acid, 
part of which then decomposes according to the 
following equation: N.(C^H,.S0.4.S)Jla + 
ILN.^(C,jH,.SOo.S)._.Ba+ S forming tho barium 
salt of hydrazobenzene di-thio-di-sulphonio acid 
(Bauer, A. 229, 353). 

7n-Salpho-bonzene-azo - benzene - p - sulphonie 
acid [4:1] C„H,(HS03)-N,-C„H4(nS0i,) [1:3]. 
Formed, together with tho p-p-acid, by heating 
benzene-azo-benzene with H.^SO^ at 160° (Lim- 
pricht, B. 14, 1856; llodatz, A. 215, 216), and 
l)y the oxidation of a mixture of and p- 
I)olassium amido - benzene sulphonate with 
KMnO,. Uncry stalli sod syrup. On heating 
with dilute IICl to 150° it gives p- and vi» 
amido-benzcne-sulphonio acids (Limpricht, B. 
15, 1155). 

Halts. -K2A"2^aq: yellow needles, v. sol. 
water. — Ag.A". 

Chloride [125°]: red needles. 

Amide [25H°] : slender yellow needles. 

p-sulpho-benzene-azo-benzene - p - Biilphonio 
acid. [4:1] S0,ILC,.n4-N,-C,.Il,.S03H[l:4]. 

Formation.— 1. By oxidising amido-benzene- 
p-sulphonic acid with KMnO, (Laar, B. 14, 
1928 ; Limpricht, B. 18, 1414).— 2. Among the 
products of the sulphonation of benzene-azo- 
benzene at 160° (Limpricht, B. 14, 1366 ; 16, 
1165 ; Janovaky, M. 3, 242). 

IVopcrBc5.— Buby-red needles containing 2 
or 3 aq (.J.), or aq (L.). Molts at about 60° or, 
wdien dry, at about 160°. HClAq at 160° gives 
sulphanilic acid and other products. 

Salts : K.^A" 2.Jaq : si. sol. water. —NajA".— 
(NH,).^A".— Ag.A". — CaA". — PbA"aq. — CuA"6aq. 

CAforirie [222°]. Bed needles. 

Amide [above 300°]; orange plates oi 
needles, si. sol. hot water. 

Di-sulpho-benzune - azo-benzene - disulphonie 
acid [5:8:1] C«H,(S0,n)2.N,.C„H3(S03H)2 [1:8:6]. 
From nitro-benzciio-di-sulphonic acid, zinc dust, 
and baryta (Beicho, A. 208,64). Very deliques- 
cent crystals. — K^A” 3aq.— Ba.^A'» 6aq. 

Di-sulpho-benzene azo-benzene - di-sulphonie 
acid [4:3:1] C«n,(S03H),.N,. 0,11,(80311), [1:3:4]. 
From the corresponding nitro-benzeno di-sul- 
phonic acid, zinc dust, and baryta- water (lieiohe, 
A. 203, 70). Salt8.-K4A'» 3aq.-Ba.,A‘» 4aq. 

Chloride [68°]; radiating needles. 

Amide [222°]; white needles. 

|)-Salpho-benzene-azo-o-ore8ol. 

[4:1] C„H4(SO,H)-N,-CJI,(CH,)(OH) [1;8:4]. 
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Formed bj the aotion of dUizo-benzene-|>-aul* 
phonic acid (by diazotising aulpbanilio acid) on 
an alkaline solution of o-cresol (Ndlting a. Kohn, 

B. 17, 364). Small reddish-brown needles. Sol. 
hot water. V. si. sol. alcohol. On reduction 
with tin and HCl it gives sulpbanilic acid and 
amido-o-crcsol C„IL,(CII,)(NH,)(OH) [l:o:2J. 

Salta.-- A'Na 2ju] : yellow soluble plates. 
A'jBa 3a(i : yellow tables, si. sol. hot water. 

jj-Sulpho-benzene-azo-m-cro.sol 
[4:1] C„H^(SO;,iI)-X,-,C.lL,(CH,)(On) [1:2:4]. 
Formed by the action of diazobenzenc-p-sul- 
phonic acid on an alkaline solution of m-cresol 
(Nolting a. Kolin, B. 17, 30G). Small retldisii- 
brown crystals with violet reflex. V. sol. 
water and hot alcohol. Orange-yellow dyo stufl*. 
On reduction it gives sulphanilio acid and 
amido-m-crosol C.IJ:,(Cn:,)(NH,)(OIl) [1:2:5]. 

Salts : A'Na : sinall yellow soluble needles. 
A'jjBa : yellow plates, v. si. sol. cold water. 

Sulpho-benzeno-azo-p-cresol 
[4:1] C«H,(SO,ll) N.. - C,II,(Ciy(OH) [1:6:2]. 
0 

or I 

0,H,(S0,H)-NJK 

Furmation.—l. lly the action of jp-diazo- 
beuzeuo-sulphonio acid on an alkaline solution 
of p-cresol.— 2. By sulphonatioii of benzene- 
azo-p-cresol (Ndlting a. Kohn, B, 17, 355). 
yellowish -brown i)lates with violet reflex. V. 
sol. water and hot alcohol. Dyes silk and wool 
orange-yellow. On reduction with tin and HCl 
it yields sulphanilio acid and amido-p-crcsol 

C, H,(CTI.,)(N11,)(0I1) [1:3:4]. 

Salts: A'Na: solublo yellow plates. 
A'K 3aq. — A'.AIg 5aq.— A'Jhi : yellowish-brown 
tables, si. sol. hot water. 

p-Sulpho-bonz 0 ue-azo-t{/-cumenol 
r4:l]0,H,(HS0;,)-N,-C„H(CIl,);,0H[l:3:.5:6:2]. 
Formed by combining diazo-benzene-/>-sulphonic 
acid with il^-cumenol [70 ']. -KA'2u(i : orange 
needles (Liobormaun a. Kostanecki, B. 17, Sd*). 

Sulpho - benzene - azo - ethylamino. Potas- 
sium salt. C,.H,(80,K)-N,— OH(NH,).Cll,. 
From the potassium salt of the correspond- 
ing nitro-oompouTid by reducing with ammonium 
Sldphide (Kappeler, B. 12, 2285). Silvery plates 
(from water) ; si. sol. water, insol. Na.CO,Aq. 
NaOHAq dissolves it with crimson colour. 

wi-Sulpho-boiizcnu-azo-(a)-naphthol 
[8:1] 0,H^(HSO,)-N,— C,oH«.Oi£ [1:4]. Pre- 
pared by the action of an alkaline solution of 
(a)-naphthol on /a-diazobenzeno sulphonio acid 
(Gricss, B. 11, 2197). Small greenish leaflets. 
SI. pol. cold water and coldjilcohol. 

w-SuIpho-benzGa0-azo-(i3)-uaphthol 
[8:1] C,H,(HS 03 )-N,- 0 ,„H,( 0 H) [1:2] or 

I >C,ung. Prepared by the 
C.H,(HS 03 )-II?lf/ 

aotion of an alkaline solution of (jBl-naphthol 
on w»-diazobenzeno sulphonio acid (Gricss, B. 
. 11, 2197). Sloudor red needles. V. sol. alcohol 
and water. BaA'.j 5aq : yellowish-rod scales. 
8!. sol. w'ater. 

p-Snlpbo-benzene-azo- (a) -naphthol 
[4:1] C 3 H,(S 03 H)-N,-C,„H,{ 0 H) [1:4]. Tropce- 
oline 000, No. 1. Fromp-diazobenzeno sulphonio 
acid and an alkaline solution of (a)-naphthol 
(Liebermann a. Jacobsen, A, 211, Cl). Orange- 


dya* Its absorption speoirum ii given b| 
Hartley (a J. 61, 184). 

p-Salpho-benaene-a£0-(3)-napbthol 
[4:1] C 3 H,(S 03 H)-N,~CjoH 3 (OH) [1:2] or 
0\ 

I Tropmoline 000 No.2 

C.H.CSO^H)— HN/ 

From p-diazo-benzeno sulphonio acid and (jS-) 
naj)hthol (W. v. Miller, B. 13, 268 ; Hofmann, 

B. 10, 1378 ; Gricss, B. 11, 2198). The absorp- 
tion spectrum has been examined by Hartley 

I (C. J. 51, 185). 

i p-Sttlpho-benzene-azo-(j8)-naphthol sulphonio 
i acid [4;1J C,1 1 ,(1180.,)-- N,,- C,„H,(IJ803)0H. 
! Pi,(:i)arcd by the action of |;-diazobcnzcna 
; sulphonio acid on an alkaline solution of (fl)- 
naphthol sulphonic acid (Gricss, B. 11, 2198; 
8t(.‘bbins, A. G. J. 2, 230). Yellowish red crys- 
tals. 3‘lxccssivnly soluble in water. BaA"7-^aq: 
dillicullly soluble orange microscopic needles. 

;)-Sulpho-benzeno-azo-(a)-iiaphthylamine 
[1:1] C,.H,(H80.,)— N,- C,„il,.NIL [1:1J. From 
diazotised sulphanilio acid and (a)-naphthylamino 
(Gricss, B. 12, 127). Brownisli-violet needles, 
V. si. sol. boiling water. Its acid solutions have 
a deep magenta colour (Griess’s test for nitrous 
; acid) ; its alkaline solutions are orange. On 
j reduction with tin and HCl it gives sulphanilio 
j acid and (1, 4)-naphtliylcne-diamine. 
i Salts: KA'3aq: brownish-yellow plates, 

. sol. hot water.— BaA'o 3aq : sparingly soluble 
' brown needles (Griess, B, 15, 2190). 

{ p-Salpho-benzene-azo-(/3)-naphtbylamine 

[1:1] C,II,(H80,)-N,,-0,oH„.NH, [l:2J or 

1 * 

I I ^OioHa. Formed by the 

! C,JIj(II80;,)-HN,/ 

' action of jj-diazo-bcnzene-sulphonio acid on 
(/3)-naphthyIamine hydroclilorido (Gricss, B, 
15,2191). Small yollowish-rcd needles. SI. soU 
I water, v. sol. hot alcohol, iiisol. ether. On 
. reduction with tin and HCl it gives sulplianilio 
acid and (1, 2)-naphthylone-diamine. — KA'Tiaq; 

' orange plates, sol. hot water. 

! Sulpho-benzeno-azo-(a)-naphthylamine sulph- 
^ onicacid C, H, (SO., H).N,.C,oH,(S 03 H).NH, [1:1:2]. 
Formed by the action of p-diazo-benzone-sulpho- 
, iiic acid on (a)-naphthylarnine-sulphonic acid 
j (Griess, B. 15, 2191). Needles or plates. Sol. 

w'ater and alcohol, insol. ether, dyes silk and 
: wool orange.— BaA" 71aq : red needles or plates, 
i sol. hot water. — BaH..iA.''.j 8aq : sxmringly soluble 
violet-brown noodles. 

p-Sulpho - benzene - azo -(/8) -naphthyl - phenyl - 
amino CJl,(SO,H)-N 3 -C, 3 ll 3 .NHC,n 3 or 

C, H,(SO,H).llN,.C,„H, 

] \y . Prepared by slowly 

i N.C.,H, 

adding dryp-diazohcnzene-sulphonic acid (18 g.) 

I to a solution of phciiyl-(i9)-naphthylaniine (22 g.) 
in glacial aoetio acid (100 c.o.) at c. 50'\ follow'ed 
by finely powdered dry K_,CO., (7 g.) ; the com- 
pound separates out in glistening red needles of 
the potassium- salt. It is a splendid scarlet 
dyestuff, but is very fugitive in light. The 
potassium salt is easily solublo in water; when 
cold its solution solidifies to a transparent rod 
jelly. HCl precipitates the free acid. By SnOl, 
it is reduced to phenyl-o-naphthyione-diamino 
and sulphanilio acid. By boiling vrith dilate 
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minersl ftoidt it is converted into naphthophen- 
azine and eulpbanilio aoid : 

0^,(SO,H),Na.O,oH,.NHO.H, - 

0„H.<JJ>C.H,+C.H,(NH;)SO,H. The Baand 

Ca salts arc crystalline insoluble pps. (Witt, B, 
20, 572). 

p-Sulpho-benzene-azo-nitro-isobutane 
C,H,(HSO,)-N, C,H,(NO,). rropared by tlio 
action of p-tliazolxinzcno-siilplionic acid on an 
alkaline solution of nitro-iso-batano.-— KA'aij : 
oraiif'c-ycllow nncdlos. Soluble in alkalis to a 
red solution. Dyes silk orange (Ka])pelcr, B. 
12, 22S8). 

p-Saluho-bonzene-azo-iutro-etbane 
C,n,(HSOJ— N,,— C,HdNO,). rrepaml by the 
action of p-diazobenz(3ne-sulphonic iiciil on an 
alkaline S(dution of nitro-ctluuie. A'K: golden 
yellow loadets, sparingly soluble in cold waler, 
soluble in alkalis to a blood-red solution 
(Kappelcr, B. 12, 2280). 

p-Sulpho-bcuzcne-azo-nitro-metliano 
CJI,(USO;,) -N, -Cir,(NO,). Prewired by tlic 
action of jfodiazooeu/.e.nc-sulphonic acid on an 
alkaline solution of aitro-methane, K.VOati: 
orange needles. Dyes silk orange (Kappder, 

B. 12, 2280). 

p-Sulpho-benzcnc-azo-nitro-propane 

C, .II,(h[SO,)-N,— C(NO,)(Cl[.J,. Prepared by 
the action of p-diazobenzciie-sulplionic acid 
on an alkaline solution of nitro-isopropano. 
A'K: light-yellow loatbits. Has no dytdng 
power. Insoluble in alkalis (Kuppoler, B. 12, 
2287). 

p-Sulphobenzene-azo-orcin 
[4:1] C,.H,(lIS03)-x\,-CJI,(Cn,)(0H),. Small 
yellowis)i-rcd needles. DilUcultly soluble in 
water. Prejiarod by the action of an alkaline 
solution of orcin upon p-diazobcn/eno-sulphunio 
acid. — K.\'2a(i (Griess, B. 11, 2100). 

n-Sulpho-benzene azo-o-oxy-benzoic acid 
[4:1] C,H,(SO,ll)~N,-CJl3(011.)(CO,H) [1:1:5]. 
Prom diazotised sulpluinilic acid and an alkaline 
solution of salicylic acid. Golden needles ; si. 
sol. hot water (Grioss, B. 11, 2100 ; Stebbins, 
B. 13, 710). BallA".,. 

p-Sulpho-benzeno-azo-oxy-quinoliue 
(/#.!) (« 'i/ClPCII 

0«H.{HSO,)~N,~C,lI,(OH)< I . Formed 
: CH 

by the combination of p-diazo-ben/.ene-suli)honio 
acid with (il. 4)-oxy-quin(ilino (PLscher a. 
Benouf.il. 17, 1012). Sniall needles. Orange dye. 

^-Sulpbo-benzene-azo-phenol disulpbonic acid 
C«H,(SOJI) -N,— C,H,,(SO,H),(OH). Fonned 

by heating azoxybonzene with fuming H.SO,. 
Small soluble Hat red needles with green lu-stru. 
On reduction it gives p amido-benzonc-sulplioriio 
aoid and amido-phenol-di-sulphonic acid. , 
Salt 3. — A"'K3 3aq : yellow microscopic 

joeedles, easily soluble. I3roinine-\vatcr gives tri- 
bromo-pbenol. — A'''Ag : unstable red pp. — 
A'"2Ba3 7aq: brown crystalline pp.— A'^^l^bjl^aq. 
Chloride: red cry.stalline powder [220^]. 
Amide: yellow plates [260'^, sparingly 
soluble in alcohol (Limpricht, B, 15, 1207 ; 
Wilsing, A. 215, 234). 

u-Sulpbo-benzeue-azo-xylenol 
[4:1] C.H,(SOJI)-N,,<-C«H.,Me,.OH [l:3:.5.2j. 
Formed by combining diazobenzeiie-p-sulphonic 
acid with w-xylenol CJl3Mejj(OH) [1:8:4] 


(Grevingk^ £. 19, 148/* Dyes wool and silk « 
brownish yellow from an aoid bath. On reduo- 
tion it yields sulphanilio acid and o-amido-m- 
xylenol C«H,Me.3(NH3){OH) r5:3:l:2]. 

Sulpho - carbozy. benzene •azo-(/9)-naphthol< 
(a)-di-sulphonic acid 

C,ir,(C0.,H)(SO,H)-N.3-0,„H,(0TI)(S0,H)3. 
Prep.ared by the action of ?/Mliazo-sulpho- 
bonznic acid on an alk.Jine solution of (l3)- 
naplithol-(a)-di-sulplu)nie- acid (Grics.s, B, 
11, 2();i8). Orange iK'cdlos or priMii.s. V. sol. 
water and alcohol, iiisol. ctln'r. Salts. — 

A’\lLl)a., 3aq : sligdiLly soluble y llow needles. 
A'' Ita.oaq: ne.'irly insttluble icd crv-t illino pp. 

Snipho-carboxy-beiizcue - azo - o>:v - naphthoic 
acidC,ll.(SO,Il)(CO,ll) - N, - I ,(()II)(CO,H). 
Prepared by the action of di.izosul [)liolu'nzoio 
acitl on an alkalincj solution of (a)-(.)xy-iia[ihtlioio 
acid (Gricss, B. 11, 2111'.)). Browui niierosc.opio 
needles or leaflets. SI. .sol. wat<'r. 

Sulpho-naphthalene -azo-(/l)-n!iplitliol -clisul- 
phonic acid C,.,ir.(SO,ll).N,.G,„ll,(' > 1 l)(S03lI)3. 
Crini'-on <lye (Slekbins, A. G. J. 2, 1 ID). 

Sulph <-tolucne-azo-toliienc-sulph()Hic acid 
[2:1:1] C,ir,M.'(S()3H).,'l,.C„II.,,l\l('(S(),JI) [1:2:4]. 
.i''rom potassium o-toluidine sulpbuiiate (of 
Gorver) and XMnO, (Kornal/ki, .1. 221, 183). 
Small red prisms, grouped in tallies, very soluble in 
water and in alcohol. K.A": red plates grouped 
in clump.s.-- Ba.V'bui. — CaA"3a(i. l.’bA"aq. 

Chloride. [218 "J. Bed needles (from C Jig). 

Amide. [250 J. Tables (from a(pieous Nllj). 

Sulpho-tolucne-azo-tolueno-Bulphonic acid 
[2:5:1] C.U.We (S(),Jl),N,.C„ir,Mu(S(),lJ) [1:2:5], 

A.yo-toli<rnc-di}ii(I]>h()inc ncol. J’rom o-nitro- 
toluene siilphonic acid, zinc dust, and KOHAq 
(Neale, A. 203, 71); or from o-toliiidiiie 3ul- 
jihonic acid of Haydnek and KMnt),| (Kornatzki, 
.1. 221, 181). Salts.— Ba.V' laq. - K.A"2.jaq. — 
Ca A" 5.iq. — Pb A" 4aq. 

Chloride. [220°]. Bed prisms. 

Amide. [300°J. Bed powder. 

Sulpho-toluene - azo - toluene - sulphonic acid 
[4:0:1] C,ili3Me(S03U).N,,.C.H3Mo(S()3ll) [1:4:G]. 
From potassium p-toluidino auJphotiate and 
KMnO, (Kornatzki, A. 221, 182). 

Salt, — BaA" 3aq. 

Sulpho-tolucne-azo-toluene-sulphonic acid 
[4:5:1] C,Il,Mo(S03ll).N,.CJ t.MetSG.,!!) [1:4:5]. 
From ji-nitro-tolueno o-sulplionie. acid, KOHAq, 
and zinc dust (Neale, A. 203, 80) ; or from 
potassic p-toluidino sulplionate and K^^nO,. 

K..A" .3aq. — CaA" 3:iq. — BaA" ai^. — PbA" 2aq. 

Chloride. [194' j. B(!.l crystals. 

Amide. [270°]. -^Yollow\ 

I'lfo - Sulpho - toluene - azo - toluene - oxo - «ul . 
phonic acid SO;,ll.Cltj.C„ri,.N...C„iJ|.CIIo.S03H. 

Formation . — 1. Frcm C,jII|(NO,.,).ClI._, .80,11 
by boiling wdth zinc dust and KOil or Ba4(OII)2. — 
2. From C,TldNll,).CIl,.SO,K and K.MnO,, (Mohr, 
A. 221 , 223). Salt s.— IvA" ^aq : orange plates.— 
BaA" 1 [aq.— AgjA" aq. 

Chloride. [119']. 

Sulpho-xylene-azo-di-bromo-naphthol 
C..TLMo,(S03lI)— N.,— C,„H,Br.,(OII). From p- 
diazo-.xylonc sulphonic acid and di-bromo-(a). 
naphthol (Stcbbiri.s, jun., A. C. J. 2, 440). Boh 
hot water, forming a scarlet solution. 

Sulpho.xylene-azo-(a)-naphthol 
C Jl3Me2(S03H)-N3--C,oH,On. From ji-diazo- 
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xylene Bnlphonio acid and (a)-naphthol (Stebbini, 
jun., A, 0. J. 2, 446). Brown dye ; sol. water. 

Sulpho-m-xylene-axo- (id) >naplithol 

[1:8:6;4] C„H,Me,(S03H)-N,— C,oH«(OH). 
Formed by the action of diazo-m-xylene Bulpho* 
nic acid (from w-xylidine sulphonio acid) upon 
an alkaline solution of (i8)-naphthol (Nolting a. 
Kohn, B. 19, 139). Metallic green crystals. SI. 
sol. cold water. Dyes wool and silk from an 
acid bath a yellowish shade of scarlet. 

Salts.— A'Nax : rod soluble plates. — A'^Ba: 
b 1. sol. hot water. 

Sulpho-xylene-azo-(i8)-phenanthrol. Fromp- 
diazo-xyleno sulphonic acid and ()8)-phenanthrol 
(Stebbins, A. C. J. 2, 44(5). lleddish-brown dye. 

Sulpho*zyleiie-azo<re8orcin v. Di-oxy-ben- 
bbne-azo-xylene sulphonio acid. 

Snlpho-xylene-azo.zylene sulphonio acid 
[2:4:.'):1] CJI.MeJSOaH) -N,— a,Il2Mo,(S03H) 
[1:2:4:5]. Formed by oxidising (i, 3, 6, 4)- 
xylidino sulphonio acid witli dilute KMnO^ 
(Jacobsen a. Ledderboge, B. 10, 194) ; or by 
reducing (0, 1, 3, 4)-nitro-xylone sulphonic acid 
with zinc-dust and NaOH (Limpricht, B. 18, 
2191). Orange plates ; v. sol. water ; si. sol. acids. 

Salt s.-K,A" laq.— KHA" 4aq. 

Chloride. [80 'j; red crystals. 

Amide. [174°J. 

m-Thio*snlpho>benzene • azo-benzene - snlphi- 
nic acid [3:1] (HS.S0,)C„n,.N,,.CJI,(S03H) [l:3j. 
[below 100 J. A solution of the barium thio- 
sulpho-benzone-azo- (or hydrazo-) benzene-thio- 
sulphonatc gives, on evaporation, S and the salt 
of the present acid. This salt forms red crusts 
which are sparingly soluble in water, but are 
converted by boiling Na...C03 into the soluble 
Na salt, whence IlCl separates the free acid as a 
bulky flocculent pp. hardly soluble in water, but 
resinitied by boiling with it. It is soluble in 
alcohol. Oxidised by KMnO^ to N..(C„H^S03K)3. 

Salts.— BaA" (dried at 140°).— K^AV- 
NajjA" icaq.— PbA" (dried at 130°). 

Jso7>ier.— Ammonia converts the acid into a 
brown amorphous base, isomeric with it (Lim- 
pricht, B. 18, 1472 ; Bauer, A. 229, 360). 

m-Thio-sulpho-benzene -azo-benzene -m-thio* 
Bulphonic acid 

[3:1] HS.SO,.C«H,.N,.C«n,.SO,.SH [1:3]. 

[91°-93°]. From its salts by adding glacial 
acetic acid. A voluminous yellow pp, insol. 
water or alcohol, and rosinified whcL. boiled 
with them (Limpricht, B, 18, 1471 ; Bauer. A, 
229, 358). 

„ Barium salt.— BaA" 6aq. One of the pro- 
ducts of the action of liaric sulphydrato upon 
the chloride of sulpho-benzene-azo-benzcne- 
sulphonic acid (q. v.). V. sol. hot water, si. sol. 
cold water, nearly insoluble in alcohol. Yellow 
ammonio sulphide slowly converts it into the 
corresponding hydrazo- compound. 

Na.A"a:aq. Its solutions give amorphoua 
pps. with salts of Cu, Pb, Ag and Fo'". 

p-Thio-sulpho - benzene-azo- benzene - thiosul- 
phouio acid 

[4:1] aH,(SO,SH)-N3-C«H,(SO,SH) [1:4]. 
Yellow amorphous solid. SI. sol. water and 
alcohol. Formed by the action of a saturated 
aqueous solution of Ba(SH)o upon the chloride 
of Bulpho-benzone-azo-benzene-sulphonio acid. 
NojA^araq; very soluble yellow warty crystals, j 


— BaA" t yellow warty crystals, sol. hot watet 
(Limpricht, B. 18, 1474 ; Bauer, A. 229, 868). 

p-Toluene-azo-aceto-acetio acid 
[4:1J03H,(CH,)-N2- CH(C0.CH3).C03H. [188% 
Ethyl ether A'Et: [70°]; yellow needles. 
Formed by the action of p-diazo-toluene chlo- 
ride on an alcoholic solution of sodio-acet acetic 
ether (Ziiblin, B. 11, 1419 ; Bichter a. Munzer. 

B. 17, 1929). 
p-Toluene-azo-acetone 

[4:i] C„H,(Cn3)-N3-CH3.CO.CH3. [115°]. 

Formation. — 1. By heating p-toluene-azo* 
aceto-acotic ether with a dilute alcoholic solution 
of NaOn.— 2. By heating p-toluene-azo-aceto- 
acetic acid above its melting-point, COj being 
evolved (llicbtor a. Munzer, B. 17, 1929). Yel- 
low needles. SI. sol. water. 
Toluene-azo-bromo-toluene 

C, .H,Mo — Nj — C,iH.,BrMe. Bromo-azo-tohmie, 
[136°] (P.) ; [138-5°] (J. a. E.). Formed by 
brominating p-toluene-p-azo-toluene (Petrieff, 
B. 6, 557 ; Janovsky a. Erb, B. 20, 363). Golden 
jilatcs or needles, Beduces to a hydrazo- com- 
pound [119°]. 

Toluene-azo-chloro-toluene 
[4:1] C,II,Mo.N,.C,H 3 MoC 1 [1:5:2]. [97°]. Formed 
by the action of cuprous chloride upon diazotised 
p- toluene -^-azo-toluidino (from p-toluidine) ; 
yield, 20 p.c. of theoretical. Brown plates. V. sol. 
alcohol, ether, and benzene (Mentha, B.19, 3026). 
p-Toluene-azo-^-cresol 

[4:1] C„II,(CIl3)~-N,-CA(CH3)(OH) [1:5:2] 

[113'’]. Obtained by tho action of p-diazo- 
toluene chloride on an alkaline solution of p- 
i crosol. It is also formed by diazotising /^-toluene- 
I azo-p-toluidine C,H,(OH3)-N3— C„H3(CH3){NH3) 
and boiling the product with water (Nolting a. 
Kohn, B. 17, 354). Keddish needles or yellow 
tables. V. sol. other, benzene, and hot alcohol. 
Acetyl derivative [91°], yellow needles. 
Benzoyl derivative [95°], small yellow 
needles. 

o-Toluene-azo.etliyI-()9)-naplitliyI-amine 
[2:1] C,H,(CIl3) -N.— 0,oII«(NHEt) [1:2]. [132°]. 
Formed by heating ethyl-(/3)-naphthyl-nitro8- 
amiue with an acetic acid solution of o-toluidina 
(Henriques, B. 17, 2670). 

p-Toluene-azo-etliyl-(i8)-naplithyl.amine 
[4:i] C«H,(CH3).N2.C,„He(NHEt) [1:2]. [113°], 

Formed by healing ethyl-(/9)-naphthyl-nitros- 
aniine with an acetic acid solution ofp-toluidine 
(Henriques, B. 17, 2670). 

o-Toluene-p-azo-(a)-naphthol 
[2:1] 0,H,Me.N,.C.„H3(OH) [1:4]. {ayNaphtU- 
quimne-o-tolyl-hydrazide. [146°]. 

Formation. — 1. From o-diazo-toluene and 
(a)-naphthol. — 2. From (a)-naphthoquiuone and 
o-tolyl-hydrazino. 

Froperties. — Red glistening needles. V. sol. 
alcohol, aeetic acid, and benzene, less readily in 
benzoline. HNO3 converts it into di-nitro-(o)- 
naphthol. With HCl and HBr it gives dark 
blue metallic-glistening salts. Dissolves in di- 
lute NaOH.. 

ef ;icrC„H,3N2(OMe) [93°] ; reddish, 
brown glistening needles ; easily soluble in ordi- 
nary solvents. 

Ethyl ether C„H, 3 N,(OEt) [94°]; red 
plates or dark thick noodles (Zinoke a. Bathgen. 
B. 19, 2488). 
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j>-Toliie])ie<;p4UBo.(a)-]utplithol 
:4;1] 0«H^Me.N2.C,oH,(OH) [1:4]. {a).Naphtho- 
luinom-p-tolyl-hydrazide. [208®]. 

Formation, — 1. From jp-diazo-toluene and 
’a)-naphthol.— 2. From (a) -naphthoquinone and 
j-tolyl-hydrazine. 

Properties . — Metallic - glistening dark - rod 
pangles. V. sol. acetone, aniline, and hot 
litrobenzenc, si. sol. alcohol, acetic acid, and 
•enzenc. Dissolves in dilute NaOn. IlNOj 
converts it into di-nitro-(a).naphthol. Not at- 
tacked by bromine in acetic acid solution. With 
mineral acids it forms salts which separate in 
bluish-green metallic-glistening plates. By 
heating with baryta- water it is rendered in- 
soluble in alkalis. -B'HCl.—Il'HBr. 

Methyl ether C„H„N„(OMe) [104°]. 
Ethyl ether C,,H„N,(bEt) [127°], large 
red crystals or red needles. 

Acetyl derivative C|,H, 3 No(OAc) [102°], 
fine yellowish needles (from benzoline) (Zincko 
a. liathgen, B. 19. 2480). 

o-Toluene-o-azo-(a)-naphthol 
[2:1] C,H,Me.N,. 0^,11,(011) [2:1] or 

I (^)>Naj)hihO‘quinone-0‘ 

C..H,Me.HN/ 

tolyl-hydrazide. [156°]. Formed by the action 
of o-tolyl-hydra/.inc upon ()8)-naphthoquinone. 
Glistening red plates. Easily soluble in ordinary \ 
solvents. HNO3 converts it into di-nitro-(a)- [ 
naphthol. Bromine gives a di-bronio-derivativo 
[254°] (Zinckc a. Bathgcn, B. 19, 2492). 

p-Toluene-o-azo-(a)-naphtliol 
[4:1] C,H,Me.N,.C,„H,(On) [2:1] or 

C,H,Me.N..II ^ {$)>Naphtho-quinone- 

p-tolyl-hydrazide. [145°]. Formed by the 
action of p-tolyl-hydrazine upon (0) -naphtho- 
quinone. Bed slender glistening needles. V. 
sol. alcohol, benzene, and acetic acid, sparingly 
in benzoline. By SnClj it is reduced to (j8)- 
amido-(a)-naphthol and p-toluidinc. HNO3 con- 
verts it into di-nitro-(a)-naphthol. Bromine 
gives a di-bromo-derivative [230"] (Zincko a. 
Bathgcn, B. 19, 2491]. 

p-Toluene-o-azo-(/3)-naphthol 
[4:1] CJI,Mc.N,.C„n,(OH) [1:2] or 

CeH,Mo.N,H^"^C,oH,. [135°]. Formed by 
combination of p-diazo-tolueno with ()3)-naph- 
thol. Thick rod needles or tables. V. sol, alcoliol, 
benzene, acetic acid, and acetone. Insoluble in 
cold dilute NaOH. With acids it forms unstable 
salts. Bromine in acetic acid converts it into a 
ii-brorao-derivative [190°]. HNO3 gives di-nitro- 
(3) -naphthol (Zincke a. Bathgen, B. 19, 2490). 

o-Toluene-o-azo-(3)-uaphthol 
;2:1] 0,H,Me.N,.C,oH,(OH) [1:2] or 

D„H,Me.N3H/lAc,oH,. [131°]. Fcflroed by 
sombination of o-diazo-toluene with(3)-naphtbol. 
?ine red needles or plates. Insol. cold dilute 
^7aOn. With acids it forms unstable salts. 
JNOj converts it into di-nitro- (3) -naphthol. Bro- 
nine forms a mono-bromo-derivative [167°]. 
Zincke a. Bathgen, B. 19, 2491 ; Fischer, B. 20, 
.580). 

p-Toluene-azo-(3)-naplithol disnlphonio acid 
l,H4Me— Nj— C,BH4(OH)(SOaH)2. From sodium- 
B) .naphthol disulphonate and p-diazo-toluene 


nitrate (Stebbins, A, C, J, 2, 236 ; 0. N. 42, 44). 
Bed leaflets, v. sol. water. Scarlet dye. The 
corresponding 0- compound dyes yellower, the 
m- compound, redder. 

p-Toluene-azo-(a)-naphthylamine 
[4:1] 0,114(011.,)— N.,-C„H,. NIL [1:4]. [145°]. 
Prepared by the action of p-diazo-tolueno sul- 
phate on (a)-naphthylamine (Wcselsky a. Bone- 
dikt, B. 12, 229). Bed lor.tlots ; insol. water. — 
B'JL80,3aq: steel-blue needles. 

o-Toluene-azo-nitro-etlfane 
[2:1] 0,H,Me-N,-CH(NO.,).CHa. [88°]. From 
o-diazo-toluene nitrate and potassium nitro- 
cthane (Barbieri, B. 9, 387). Unstable orange 
needles.— NaA' : golden spangles. 

p-Toluene-azo-nitro-ethane. [1.13°]. Prepared 
like the preceding (B.). Orange prisms with 
steel-blue lustre. Its alkaline solutions are 
deep red. 

Toluene-azo-nitro-toluene 
0,.H4 Mc— N o— 0,H3(N 0..,)Me. Nitro-azo-iohiene 
[114°]. Among the products of the nitration 
of toluene-azo'loluene dissolved in glacial acetic 
acid (Janowsky a. Erb, B. 20, 363). Orange 
monoclinic needles (from 90 p.o. alcohol). 

Toluene-azo-nitro-toluene.[76°J.From toluene- 
azo-toluene and UNO, (S.G. 1*4) (Petricll, B. 6, 
557). 

o-Toluene-azo-orcin 

C,H4Me— Nj-C,n.,Mo(OII)., f203°-200°]. From 
o-diazo-toluene and orcin (Scichilono, 0. 12, 
223). Bed-brown crystals. 

p-Toluene-azo-thymol sulphonic acid 
C,n 4 (CH 3 )-No- 0 „II(CH 3 )(C,n,)(HH 03 ) 0 H. 
Prepared by the action of p diazo-toluene- 
chloride on sodium thymol-Buli>honato.— A'Na: 
slender yellow needles; sol. alcohol and hot 
water, almost insoluble in cold water (Stebbins, 
B. 14, 2795). 

o*Toluene-o-azo-toluene 

[2:1] Me.C,H4— N3-C,H4.Me [1:2]. o-AzoMuene 
[55°]. 

Prcparation.—l. By distilling o-nitro-tolueno 
with alcoholic potash ; or by reducing it with 
zinc-dust and alcoholic NaOH (Schultz, B. 17, 
497). Cannot bo prepared by reducing o-nitro- 
toluene in alcoholic solution with sodium-amal- 
gam (Perkin).— 2. From o-toluidine and KMnO, 
(Hoogewerff a. van Dorp, B. 11, 1203). 

Propcrlics.—'Dfirk red trimetrio prisms; 
a:6:c ~2’225;1:1*708. Volatile with steam. Gives 
a mono-nitro- derivative [c. 67°J, a di-nitro- 
derivalivc, [112°], and a tri-nitro- derivative that 
decomposes before melting (Petrieff). 

m-ToIuene-wt-azo-toluene 
[3:1] Mo.C,n4— N.-CJl4Me [1:3], m-Azodoluene 
[51°] (G.); [55°] (B.j. From w-nitro-toluene 
by boiling with alcoholic KOH (Goldschmidt, 
B. 11, 1624), or by treatment with zinc-dust and 
alcoholic KOH (Barsilowsky, B. 10, 2097; A, 
207, 114). Orange-red trimetric tables, a:b:cm 
•85:1: -54. V. sol. alcohol. 

n-Toluene-jp-azo-toiuene. p-Azo4oluene 
[4:1] MC.CJI4— N.,-C,H4 Mo [1:4]. [144°]. 

Fomuition . — From p-toluidine and CrO, in 
glacial acetic acid ; or by treating a solution of 
p-toluidine in chloroform with bleaching-powder 
(B. Schmitt, J. pr. [2] 18, 198). Or by oxidising 
p-toluidine with HjO, (Leeds, B. 14, 1382), or 
benzoyl peroxide. Cannot be prepared by dis- 
tilling p-nitro toluene with alcohoUo potash 
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(Perkin), tor oy Bucb treatment a red oondensa< 
tion product is obtained wbioli on further reduo* 
tion gives di-arai lo-di-phonyl-ethylene [227°J. 
(Bender a. Schultz, B. 10, 3237). 

Preparation. — ^/^-Nitro-toliiene (20g.) in alco- 
hol is trciitod with sodimn-auialgain added gradu- 
ally, the mixtiiro ln-ing frequently cooled. The 
brown solid that separates is crystallised from 
glacial acetic aci<l (I’orkiii, G. J. 37, 5.54,6/. 
»7a\vorsky, J. ]>r. ‘)J, Werigo, Z. 1864, C IO ; 
Alexej(>lf, Z. ISCC, 261) ; Melms, B. 3, 5-40 ; 
Schultz, n. 17, 472). 

ProperUrs. Kcd trinietric noodles. V. Bol, 
alcohol and ligroin, si. sol. alcohol. Slowly ro- 
ducod to hydiMZO-toliicne by ammonium sul- 
phide. In nienliolic solution it is reduced by 
SnCL and llCl to tolidine (91'^]. (S.). Nitric 

acid forms a mono nitro- derivative, [76^J, a 
dinitro- derivalivo |J lO 'l, and a tri-iiitro- deriva- 
tive (retrielV). 

o-Tolueneoa-azo-toluene 
f2:l]CJl^(CII:,) N, 0,,fr,(()IT,)[l:.31. Obtained 
by dinzolising o-toluene-azo-o-toluidino (from o- 
toluidin(') and treating the diazo- compound with 
alcohol (Schultz, ij. 17,470). lied oil. Volatile 
with steam. V. sol. alcohol and other. By 
SriCl; and llCl in alcoholic solution it is con- 
verted into an unsymmclrical tolidine. 

w-Toluenc.;)-azo-toluene 
[4:1] 0,,II,(()Il,)-N,-C.,li,{CII,) [1:3]. [.58®], 
Furmalion.—l. By the action of zinc-dust 
and alcoliol upon o-diazo-toluenc-azo-toluene.— 
2. By the action of Ag/) and alcohol upon the 
compound C,,lIuN, the reduction-product of 
o-diazo-tolueno-azo-tolucne (/jinclce a, Lawson, 
B. 10, 1158). Brownish-red plates. V. sol. alco- 
hol, ether and benzene. 

o-Toluene-azo-o-toluidine 
[2:1] C,Il,(CII,)-N,~Cjr,(CH,)(NH.,) [1:3:4] 
[100^]. Borined by passing nitrous acid gas 
into o-tohiidino (Nietzki, B. 10, 662). Tri- 
metric crvslals, a:6:c“ 1‘011G:1:1*3268. Heated 
with aniline liydrochloride and alcohol at 160® it 
forms a red dvc resembling suffranin. 

Salts.— B'HCl : orange tabIe3.-B',H,PtCls. 
Acetyl derivative 

0,H-N,-C,II,(iMJAc). [185®]. Slender red 
needles, v. sol. alcoliol (Schultz, B. 17, 460). 

m-Tolueno-azo-7;i-toluidino 
[8:1] C..n.Mc— N,-C,H3Me(Nn,) [1:2:4]. [80®]. 
I'ormed by treating an alcoholic solution of 
w-toluidlrio with nitrous acid gas (Nietzki, 
B. 10, 1155). (Joldon needles. — B'HCl. — 
B' JI.dTClg. (rives 2 ;-tf’’yleuo diamine, [64 °J, on 

reduction. 

p-Toluone-azo-o-toluidine 
[4:1] N, C,IIpMe(NH,) [1:3:4], [128®]. 

lIT’ora p-diazo-tohieno toluido and o-toluidino 
hydrochloride (Nielzki, B. 10, 832). Gives 
p-tolylcne-diamine, [61®], on reduction. Heated 
with aniline hydrochloride it forms a violet dye. 
Salts. -BTIC1.~B'.,H2P tCl,. 

p-Tolueuc-azo-7n-toluidine 
[4:1] C,1J ,Mo— N,-CJl3Me(NH,) [1:2:4]. [127®]. 
From p-diazo-toluene toluidc and in-toluidine 
hyilrochloride in alcoholic solution (Nietzki, B. 
10,1156). Largo yellow plates. Gives p-tolylene- 
diauiine [Ol'-'j on reduction. 

Salt a.- B'HCl.-B',Il,rtCl,, 


jp-Toltten0.Md-0*toliiidi]i0 
[4:0 C,H,Me-N,~C.H,Me(NEy [1:5:2] oi 
NH V 

I ^OgHjMe. [119°]. o Amido-azo^ 

O^n^Me.N^n-^ 

toluene. Toluene-hydrazimido-toluene. Pre- 
pared by heating p- diazo- toluene -p-toluide 
(diazo-amido-toliiene), dissolved in 6 or 6 times 
its weight of melted ^)-toluidine, with p-toluidine 
hydrochloride (1 mol.) at 65® for 12 hours. 
Orangc-red glistening needles. V. sol. hot alco- 
hol, acetic ether, and benzene. On reduction 
it gives p-toluidine and tolylenc-o-diamine. CrOj 
oxidises it in acetic acid solution to toluene- 


azimido-toluene CJl,— N.,- C,Hh (Zincko, B. 18, 
j .3142). IleatiMl with p-toluidinc hydrocliloridc 
I and p-toluidino ut 100® it gives a body C,.H 4 ,N 3 
analogous to uzoplienine whicli forms flat red 
needles. Heated to a liiglier tcmpiTatiiro dye- 
stuffs of the indulinc series are formed. It is 
converted into eurliodino by heating 

with (a) -nap] 1 thy I ami no hydrochloride (Witt, 
C. J. 49, .393). The salts of o-amido-azo-p- 
toluenc are yellow in the solid state, hut dissolve 
to green solutions. — B'HCl: slender light-yellow 
needles. 

Acetyl derivative. [157®]; yellow felted 
needles. 

Benzoyl derivative. [135°]; orange- 
yellow needles (Witt a. Nolting, B. 17, 77). 

Disulphonic acid C, 4 lI,.,N 3 (,S 03 H)j. 
Formed by sulphonating witli fuming n^SO* 
(N. a. W.). Greyish white needles. Is a yellow 
dyestuff of redder shade than ‘ acid yellow.’ — 
BaA"4aq: brownish-red crystalline powder. 

p-Toluene-azo-tolylene-dianiine 
[4:1] CJI,Mo-N,,— CJI,,Mo(NII,), ri:3:4:6]. 

[183®]. From p-diazo-tolueno nitrate and toly- 
Icne-m-diamiue (Hofmann, B. 10, 218). Orange 
needles, v. sol. alcohol, irisol. water.-— B"HC1. — 
B"3lLPtCl,. 

Xylene-azo-(j8)-naphthol-(j3)-Bulphoiiic acid. 
Diazo-xylene docs not combine witliBmnpf’s ‘a’- 
BulphoJiic acid of (,8)-riapl)thol in dilute alkaline 
solution, although some other diazo- compounds 
(such asdiazo-benzeue) do combine with it under 
the same conditions. If, however, tlio solution 
is very concentrated, the combination with 
diazo-xylene takes place. The product forma 
red needles, dissolves in HBO^ with a red 
colour, and dyes wool a somewliat yellower shade 
ilian the compound from Schiifer’s ‘^’-acid 
(Schultz, B. 17, 461). 

Xyleue-azo-thymol-sulphonic acid 
C,Jl 3 (CH,).,-N 2 -CJI(CIl 3 )(C 3 H,)(HS 03 )OH. 
Slender yellow needles. Prepared by the action 
of diazo-xylene chloride on sodium thymol- 
sulphonate. — A'.Ba : small yellow needles or 



C,H 3 (CH 3 ),-N,-CbH 3 (CH 3 ) 2 . Azo-xylene [126® 
corr.] Formed by reduction of nitro-^n-xylene 
with sodium -amalgam or with zinc-dust and alco- 
holic KaOH ; very small yield. A better yield 
is obtained by oxidation of xylidino wdth alkalina 
potassium ferricyanide (Werigo, Z. 1864, 723 ; 
1865, 312; Samonoff, Bl. [2] 39, 597; J. B. 
1882, 327 ; Schultz, B. 17, 476). Bed needles. 
Sol. liot alcohol. It does not appear to give a 
dixylyl base by treatment with SnCl, and HCl 
in alcoholic solution. 
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ifi-Xyla]i«*04Uio-m-S7lldine 
19:4:1] 0«H,lie,<~N,~0;E[,Me,(NH2) [1:8:5:6] 
N£[ V 

or I o-Amidd-azo- 

tfylme. [78®J 

Pr^ara^iow.— Diazo-w-xylene-w-xylido, pre- 
pared by adding a solution of 1 mol. of sodium 
nitrite to a mixture of 1 mol. of ju-xylidine 
C,H3Mej,.NH.,[l:3:-4] and 1 mol. of its hydro- 
chloride, is dissolved in 7w-xylidino and gently 
warmed for a long time with about 5 p.o. of 
M-xylidine hydrochloride. The mixture is then 
acidified with dilute HCl, the precipitated hydro- 
chloride is filtered off, washed with water, 
alcohol, and ether, basitiod, and crystallised 
from alcohol or benzene; the yield is 70 p.c. to 
80 p.c. of theoretical. Oraiigo plates. V. sol. 
benzene, and hot alcohol, v. si. sol. water. 

Heactums . — On reduction it yields w-xylidine 
and ?a-xylylene-o-diamino CJI..Mc..(Nn ..)2 
[1:3:5:G]. 

Salts. — B'HCl : yellow crystalline powder, 
dissolves sparingly in alcohol with a green 
colour, soluble in phenol with a splendid green i 
colour (Ndlting a. I’orcl, B. 18, 2082). 

wi-Xylcne-p-azo-m-xyli(line 
[2:0:1] C,.lI,Me2~N2-C,lI,Mc,(Nn,) [1;3:5:4] 
[78°j. Yellow plates. Easily soluble in alcohol ’ 
and bonze; le. Prepared from wi-xylidino ! 
CuH 3 MeH.NlL[l:.'l: 2 ] by the same method as that } 
described under w-xylene-o-azo-m-xylidine. j 
Salts. — EUlMCIJHCl,:rcdcryslallinopowder. j 
The hydrochloride dissolves in phenol or alcohol 
with a red colour (Ndlting a. Eorol, B, 18, 2084). 

wi-Xylene-p-azo-ni-xylidino 
[3:5:1] C,dl3Mo,-N2-C,ir,Me.,(Nn.,) [1:2:0:41. 
[95*^]. Prepared from «i-xylidino CJIaMo.NIIj 
[1:3:6] by the same method as that described for 
m-xylrne-o-azo-?H-xylidino. Yellow plates. On 
reduction it gives symmetrical w-xylidino and 
wi-xylylene- 7 )'diamino C,jII.Mo 2 (NIL),j [1:3:2;5J. 
The hydrochloride dissolves in phenol witli a 
violet-red colour (Ndlting a. Eorel, B. 18, 2684). 

o-Xylene-p-azo-o-xylidine 
[2:3:1} O^n^Me — N.,-CJLMe,,(NHo) [1:2:3:4]. 
[111°]. Prepared from o-xylidino C,iH 3 Me._..NH 2 
[1:2:3] by the same method as that described 
under w-xyleno-o-azo-w-xylideno (Ndlting a. 
Forel, B. 18, 2084). Glistening yellow plates 
(from alcohol or benzene). On reduction it 
yields o-xylidino and o-xylyleno-p-diamine 
O„H2Me2(NH,,).,[l:2;3;0]. The hydrochloride 
dissolves in phenol with a red colour. 

n»-Xylene-p-azo-p-xylidine 
[2:4:1] 0«H,Ma,-N2-CoH2Mo.,(NHj) [1:2:5:4]. 
[Ill °], Bed plates. 

Preparation ; 60 c.o. of a solution of sodium 
nitrite containing 227 grms. NaNO.^ per litre aye 
added to a mixture of 20 grms. of p-xylidine 
and 26 grms. of hydrochloride of w-xylidine 
CgH 3 Me 2 (NlI,J [l:3:4j ; the diazoamidc so formed 
Is dissolved in 20 grms. of ^j-xylidine and gently 
warmed with 4 grms. of p-xylidene hydrochloride. 

Reactions.— On reduction it yields rt-xylidinc 
andp-xylylenc-p diamineCeIIvMo.,(NIL)o[l:4:2:6]. 
The hydrochbn’iilc dissolves in phenol with a 
red colour (Nielzki, B. 13, 470; Nolting a. 
Forel, i?, 18, 2080). 

p-Xylen^-p-azo-p-xylidine 
[2:6:1] O.H,Me2-N2~C,H2Me2(NH2) [1:2:6:4]. 


[160°]. Bed plates (^m aloohol). Prepared 
from |)-zylidind 0 g]^M 62 (NH 2 ) [1:4:6] by the 
same method as that described under m-xylene* 
o-azo-m-xylidine. On redaction it yields p- 
xylidino andp-xylyleno-p-diamine C,iH 2 Me 2 (NH 2 ), 
[1:4:2:5]. The hydrochloride is red, and dissolves 
in phenol with a violet-red colour (Nolting a. 
Forel, B. 18, 2085). 

o-Xylene-o-azo-o-xylidine 
[3:4:1] CJl .Mc..— N..— CJI .Mo.(NH..) [1:3:4:6] or 
NU\ 

I ycJlMc,. [179"]. Yellow 
C,,H3Mo..— N.JK 

plates. SI. sol. alcoliol. Prepared from o-xylidine 
C,jH34\[o2(Nn..) [1:2:4] by the same met bod as that 
described under w-xylene-o-azo-??i-xy]idiue. On 
reduction it gives rise to o-xylidiiio and o- 
xylylenc-o-diaminc C«lI.Me,.(NIL).. [l;2:l:5]. Its 
hydrochloride di.ssolves in phenol with a green 
colour (Nolting a. Forel, B. 18 , 2(585). 

DIAZO- COMPOUNDS. A class of bodies 
formed by the action of nitrous arid ii])on 
primary amido- compounds : X.Njl -i ( );N,On = 
X.N 2 .OII f- ILO. They contain a pair of nitrogen 
atoms (PV. azotr) which are united to only one 
hydrocarbon radicle, whilst in thoazo- eompounds 
the N.^ group is united to two hydroearboJi 
radicles X.N.j.Y. The diazo-radicles X.N'^ can- 
not of cour.se exi.st in the free state, but they 
occur as liydrates X.Nj.OlI, edilorides X-N.-Cl, 
amides X.N.^.Nilll, Ac. P’or the sake of con- 
venience reactions will usnally be repn'senled 
in tliis article as taking place wil.h the liy<lratea. 

The diazo- salts X.N.A may bo regarded aa 
derived from the salts of amines X-Nif^A by 
the displacement of ll, by N. Tiiis may take 
place in two ways. According to fu'kulo’s 
view, which is that most generally adopfi d, both 
nitrogmi atoms are tri valent : X.NiN.A. On tho 
other hand, Blomstrand {Chemie dri' ffctdzriU 
p. 272, and B. 8, 61) assumes that the nitrogen 
attached to tho carbon is pontavalent ; X.N.A; 

.N 

Strecker (B. 4, 780) and Erlcnmoycr (B. 7, 1110) 
also concur in this view. Tho reduction of 
diazo- compounds to hydrazines, which have tho 
undoubted constitution X.NH.NIL, PI. Fischer 
{A. 190, 67) regards as a proof of tho correct- 
ness of Ivekul6’s formula, since a body of the 
constitution X.N.A would, he considers, give on 
N 

reduction X.NH^. Crum Brown, however, has 
NH 

pointed out in a private communication that * 
this argument is fallaeious, since the product 
of the reduction is not a hydrazine itself but a 
hydrazine-salt, and X.^.A, by adding H^to each 
N 

N, would give the hydrazine salt X.NTI.A. He 
NIL 


considers tho pentad N in tho salts of Ijydra- 
zines is rao.st probably that connected to the 
hydrocarbon nucleus, in which case to explain 
their formation by adoption of KekubVs formula 
would necessitate a shiftijig of tlie acid from 
one N to tho oilier. The .strongest argument 
against Krkul6’s formula is lliat it rej)rc.sentB 
diazo- salts, by not containing pentad nitregen. 
as dilTcrcntly constituted to the salts of all 
other nitrogen bases. On llie other hand, the 
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formula X.g.A would necessitate a rearrange- 
ment of the molecule in the formation of azo- 
eompounda which undoubtedly liavo the con- 
Btitution X.N:N.Y. 

The simplest member of the scries H.N..OII 
ehould bo formed by the action of nitrous *acid 
upon NH.,; but it has not yet been obtained, 
probably by reason of its extreme instability. 
The best-known diazo- compounds are those 
derived froni aromatic aminos and amido- com- 
pounds, some of which are tolerably stable bodies. 
No diazo- compounds have at present been ob- 
tained from fatty amines, for, like the first 
member of the series, they are so un- 

stable that they are probably scarccily capable of 
existence, and at once break up into the alcohol 
&nd Nj. The only known fatty diazo- compounds 
are a few which liave lately been prepared from 
fatty amido-ethers {c.g. glycocoll). In their con- 
stitution they differ from the aromatic diazo- 
hydrates by containing a mohiculo of water 
less : (EtO,G)CII,.N,..OH - 11,0 (EtOX)CH:N... 

A. Aromatic diazo- compounds. The dis- 
covery of these bodies, and a large portion of 
our knowledge concerning them, are due to P. 
Griess (A. 100, 120 ; IIH, 201 ; 117, 1 ; 120, 125 ; 
121, 257 ; 137, 39; Ac.), who, in a series of 
classical researches, opened up a field of in- 
vestigation wliicli in a few years has produced 
more discoveries of scientific interest and prac- 
tical utility than almost any other branch of 
organic chemistry. 

Formition. -l, By the action of nitrous 
acid, or any compound readily forming nitrous 
acid {e.g. NOCl, NOUr, SO,(OH){NO,), zinc-dust 
and UNO.,, ifec.) upon salts of primary amines. — 
2. By oxidation of primary hydrazines (E. Fischer, 
A. 190, 97). 

Preparation.— Tlhoi details vary very much 
with individual cases and the purposes for 
which the diazo- compounds are required. The 
amino can bo dissolved iii water, alcohol, acetic 
acid, IlCl, H.,SO.,, ttc., and can then bo treated 
with nitrous acid gas, sodium nitrite, or a 
nitrous ether. When required in the solid form, 
a common method is to mix the nitrate of tlie 
amino with a little water, cool in a freezing- 
mixture, and saturate with N..O 3 gas ; tlio diai.o- 
nilrate is then ppd. by addition of alcohol and 
ether. Diazo- compounds can also bo isolated 
from their aqueous solutions by ppn. as platino-' 
chlorides, perbromidos, picrates, sulphites, &o. 
Wlien the diazo- compound is required for a 
Bub.seqiient reaction is seldom necessary to 
isolate it, but the compound can bo prepared 
under the conditions suitable to the second re- 
action. For instance, when the diazo- compound 
is to be conjugated with an amino or phenol to 
form an azo- compound, the amino is usually 
dissolved in water containing 2 mol. of HCl for 
each NH.^ group, cooled by addition of ice, and 
mixed with an aqueous solution of sodium 
nitrite (1 mol. to each NH.J. The solution of 
the diazo-chloride thus prepared can be at once 
treated with a solution of the phenol or amino. 

The diazotisation of simple amines, in not 
too dilute solutions, usually takes pla<’e quanti- 
tatively, and the reaction is tolerably rapid. 
For instance, the diazotisation of aniline in a 
10 p.o. solution is so complete within an hour 


that it forms the most aoonrate method of est{< 
mating nitrous acid or aniline (Green a. Rideal, 
G‘ N. 49, 173 ; Green a. Evershed, S. G. I. 1886, 
633). The greater the molecular weight of th 4 
amine the slower and less complete is the diazo- 
tisation. The diazotisation of heavy amido- 
bodics is facilitated by the presence of a very 
largo excess of mineral acid, using as little 
water as possible. Alcohol in many oases 
appears to have a contrary clTect. Amido- groups 
cannot be diazotised unless combined with an 
acid: thus if the ordinary hydroohlorido of p- 
phenylenc diamine C,U,(NH,)(NII.,C1) is treated 
with IINO.j only one NH,. group is diazotised; 
but if a largo excess of HCl is employed so that 
CJI^(NHaCl),^ is present, both NIL. groups are 
diazotised. The final products of the action of 
nitrous acid upon the mono-acid salts of di- 
amines vary with the constitution of the latter. 
Thus o-phenylcne diamino gives azimido- 
benzene : 


C,H,(NII.,).N,,.OH--n.D 



m - rhenylone diamine gives tri - amido - azo- 
benzene, thus: C,H,(NH,^).N.,.OH + C„H,(NIL),. = 
C„H,(NILJ.N,.C,II,(NH.,),, -h XO- Whilst the 
diazo - compound OyH,(NIIJ.N„.OH [1:4], from 
p-phenylcnc diamine, docs not unclergo any 
further transformation. The di-amido-benzoio 
acids react with nitrons acid in an exactly 
similar manner according as the NHo groups 
are 0 , ?;z, or p to each other (Griess, B. 17, C07). 

Properties . — The diazo- salts are in general 
very unstable crystalline solids. When dry they 
often decompose with detonation, by heat or per- 
cussion. Their solutions slowly decompose at 
the ordinary temperature, more quickly on heat- 
ing, with evolution of nitrogen. Thu liydrates 
arc oven more unstable than the salts, and have 
scarcely ever been isolated. The stability is 
increased by substitution in the nucleus; thus 
diazo-benzene-suli)hoiiio acid is more stable 
than diazo-benzene. The diazo- derivatives of 
substituted phenols and of 0 - and j)- sulphonic 
acids usually occur in the form of anhydro- com- 
pounds, e.g. 


C.II,Br,<^| - H,0 = CJI,13r / K and 

M r)TT 

H “ r . In a similar 

manner o-amido-diazo- compounds form inner 
amides {e.g. azimido-benzeno, v. supra). 

Bcactions . — The diazo- compounds are ex- 
tremely prone to undergo reactions ; they play a 
most impottant part in organic syntheses and 
tljo determination of the constitution of isomeric 
aromatic compounds, by serving as an inter- 
mediate stage by means of wliich Nil, groups 
can be replaced by H, OH, Cl, Br, I, F, CN, 
SH, NO.,,, &o. Their power of combining with 
amines and phenols to form azo- compounds 
renders '^hem of great technical importance 
for the production of colouring-matters, for 
which purpose they are prepared in large quan- 
tities. The majority of their reactions consist 
in the evolution of N^, and its replacement by 
the atom or group (Cl, OH, Ac.) previously 
united to it. 
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1. By heating the aqitedus solution nitrogen 
Is evolved, with formation of the corresponding 
phenol: X.Nj.OH-X.OH + Nj. The best methi^ 
18 to dissolve the amine in a considerable excess 
of dilute HoSO^, diazotiso by adding NaNOj to 
the iced solution, and finally lieat to boiling. 

2. When heated with strong alcohol the 
normal reaction appears to bo the replacement 
of the Nj group by OEt, wit|i formation of 
ethoxy- compounds (Wroblewsln, Z. 0, 1(51 ; B. 
17, 2703; Haller, B. 17, 1887; Hofmann. B. 17, 
1017 ; liemsen, Am. 8, 213; B. 18, 05; llavduck, 
A, 172, 212 ; Zander, A. 108, 25 ; Hefftor, *4. 
221, 352; Taysan, A. 221, 212, 303; Mohr, ..4. 
221, 222 ; Hesse, .1. 230, 203). 

3. Under certain cireurnatanccs, at present 
undetermined, the reaction with alcohol take.s a 
difTerent course, resulting in the substitution of 
H for the N., group, with production of the cor- 
responding hydrocarbon together witli aldehvde : 

X.N,.OH + U ,H,0 - X.H + C ,H ,0 -t- N, + ILO 
(Griess). (a) The amido- compound is troatc'd 
with a solution of nitrous acid in absolute alcohol, 
warmed till nitrogen comes olT fredy, allowed 
to cool, resaturated with N.,Oa, and the opera- 
tion repeated until but little gas is evolved on 
heating (Neville a. Winther, 0. J. 37, 452). 
{6) The amido-coinpound is dissolved in a eoii- i 
fiiderablo excess of cone. H .SOi, the solution 
diluted with a snuill (quantity of water is cooled 
in a frcezing-mi.xture, and the necessary (pian- 
tity of solid sodium nitrite added. When dia/.o- 
ti.scd the solution is poured in a thin stream 
into two or tlireo times its bulk of alcohol; the 
mixture bficornes warm enough to eomploto tb<5 
reaction without further heating (Meldola, C. J. 
1885, 507). 

4. Mercaptan, when heated with diazo- com- 
pounds at 170‘\ behaves similarly to alcohol in 
reaction 3, causing the di,si)lacement of N.^ by 
hydrogen with simultaneous formation of di- 
etlivl-di-sulphide (Schmitt a. !Mittejjzw<!y, J. pr. 
120, 192). 

5. The displacement of the group by H is 
also effected by reduction to the corresponding 
hydrazine {g. v.), and treatment of this with 
CuSO^ or Fe,Cl„ (/J. 18, 90). 

0. Reduction of a diazo-chloride with excess 
of SnCl.^ also effects the di.s placement of N.. by 1 1 : 
X.N,,C1 + SnCl, ILO = X.H h SnOCI,, + HCl -i N... 
A dilute aqueous solution of the diazo-chloride 
is treated with an excess of SnCI.^ at 0^, and 
finally heated for two liours with an inverted 
condenser ; the yield is good (ElTront, B. 17, 
2329; Gasiorowski a. Waj^ss, B. 18, 337). 

7. By treatment of a cold solution of a diazo- 
compound in cone. HCl with (2 mols. of) SnCl.., 
the corresponding hydrazine (7, v.) is produced : 
X.N0.CI -I- 28nC],, + 3HCI = X.NH.NH, + 2HiiCV 

8. Ine reduction of the sulphites of diazo- 
compounds with SO.^, or with zinc-dust and 
acetic acid, also gives rise to hydrazines. 

9. By heating with dilute UNO, nitrated 
phenols are obtained (No! ting a. Wild, B. 18, 
1338). 

10. Tbo platino-chloridcs on di.stillation with 
dry Na,CO, yield the corresponding chloro-dori- 
vatives : (X.N2.Cl).,PtCl« = 2X.C1 + 2No + PlCl,. 

11. The replacement of Nj by Cl is also 
effected by boiling the diazo- compound with 
fuming HCl in large excess : X.Nj.Gl » X.Cl -f 


(Griess, B. 18, 960; Gasiorowski a. Waj'ss, B. 
18, 103G). 

12 . The same replacement is most readily 
effected by treating the a<iucou3 solution of the 
diazo-chloride with cuprous chloride, which 
api)ears to act by intermediate formation of an 
addition product R.N.^.Cl, Cu..Cl,.. {a) A 10 p.o. 
solution of Cu.^CL, is prepared by adding 100 pts. 
of cone. HCl and 13 pis. of copper turnings to a 
liot solution of 25 pts, of^cry.stalli.sed CuSO^ and 
12 pts. of NaCl, boiling till decolourised, and 
making up the wciglit to 203 pt.s. with cone. HCl. 
A ililnte HCl solution of the diazo- compound is 
allowed to run slowly into the above solution 

j (about 5 times the weight of tlie. amine used) 
j heated Jiearly to boiling; the pnaliiel, if volatile, 

’ is distilled with steam, or it is se[)!irated and 
pnritied by cry.slallisation. {(>) In most cases 
instead of separately diazotising the amino, its 
; solution in dilute HCl can be mixed with about 
i 5 pts. of the 10 p.c. Cu.Cl.^ solution, and a solu- 
tion of the calculated quantity of NaN(\, run 
into the nearly boiling mixture (Suiidiueyor, B. 

17, 1033, 2050; Lollmann, B. 19, 810). 

13. The pcrhromhles (7. v.) of diazo- com- 

pounds, on heating by themselves, or with dry 
Na.COa, by boiling with (jlacuil acetic 

acid, yield bromo - derivatives : X.N^.Brj-^ 
X.Br + Br., + (Neville a. Winther, C. J. 37, 452). 

14. The replacement of N.^ by Br is also 
effected by boiling the diazo- compound with 
faming HBr in largo excess : X.N„.Br X.Br + Nj 
(Griess, H. 18, 900; Gasiorowski a. Wayss, B. 

18, 1930). 

15. The same rejdacoment io most con- 
V(miently effected by moans of cuprous hror-Me 
(c/. reaction 12). A solution of 125 pts. of 
crystallised CuSO, (^ mol.), 300 pis. of KBr (3 
mols.), 800 pts. of water, and 110 pts. of cone. 
H.SO^ (1 mol.), is boiled with 200 pts. of ooppor- 
turnings till dccolouri.sed. The amino (1 mol.) 
is then added, and into the mixture, heated 
nearly to boiling, is slowly run a solution of 
70 iffs. NaNO.. (1 mnl.) in 400 pts. of water 
(Smidmoyor, B'. 17, 2050 ; 18, 1192). 

10. By boiling diazo- compounds with aqueous 
HI tho N.,, group is replaced by I forrniug iodo- 
compoumis: X.N^-I XI (Griess, B. 18, 
900). 

17. By boiling with HF the N. group is re- 
placed by F giving fluoro- compounds ; X.N,^.F=» 
XF + N, (Grie.s.s, B. 18, 900; Baterno a. Oliveri, 
G. 12, 85 ; 13, .533 ; Wallacin A. 235, 255). 

18. By licating diazo- salts with Cu.{0N)j the 
N; group is replaced by CN (c/. reaclions 12 and 
15). The nitriles so ‘ormod can be converted 
into carboxylic acids by saponification, so that 
by means of this reaction an Nil., group can be 
re])laccd by CO2II, 28 pts. of KCN (90 p.c.) are 
added to a hot solution of 25 pts. of crystallised 
CuSO^ in 150 pts. of water ; into this solution, 
liealed to about 90^, is slowly run an aqueous 
solution of the diazo-chloride. If tlie nitrile is 
required for conversion into tho acid, it is not 
always necessary to isolate it, but tho crude pro- 
duct of the reaction can be at once saponified 
(Sandmeycr, B. 17, 2650 ; 18, 1492, 1406). 

19. By the action of a warm alcoholic solution 
of K^S tho N.^ group is replaced by SH, thus : 
X.Nj.SH = X.SIl Nj. The mercaptans so formed 
can be converted into sulphonic acids by oxida- 
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tlon with eold EMnO^; so that by means of 
Diis reaction an NHj group can be replaced by 
SO,H (Klason, B, 20, 349). 

20. Hydric sulphide converts diazo-benzene 
Into phenyl sulphide (OuHJ.S (Gracbo a. Mann, 

21. Diazo- compounds combine with ethyl 
mercaptan to form unstable bodies X.N.„SKt, 
which when boiled with alcohol yield sulphides: 
X.N,.SJi:t-X.SEt I N, bSladior, B. 17, 207d). 

22. By lieating \\\\\} acetic anhydride^ acetyl- 
ated phenols are formed: X.No.OHi Ac.jO = 
X.OAo + No + AcOII (Wallach, A. 235, 2.34). ‘ 

23. BO. in presence of boiling alcohol con- 
verts Borne diazo- compounds into the corre- 
sponding sulphonic acids: X.N._..01l + SOj- 
X.SOo.OH + N,. (fliibner, B. 10, 1715). 

24. Alkalis give insoluble pps. of complex 
constitution (Frankland, G. J. 37, 750). 

25. Action of cyanoqen compounds (u. Griess, 
B, 9, 132 ; 12, 2119 ; (iabriol, B. 12, 1037). 

2G. Cuprous nitrite replaces the diazo group 
by NO,^. The amino (1 mol.) is dissolved in 
exactly 2 mols. of dilute IINO^ (or 1 rnol. of 
dilute fl.SOJ and the iced .solution treated with 
one half of a solution of 2 mols. of NaNO.^, the 
other half being added when the diazotisation 
is complete. The solution of the diazo-nitrile 
is added to a paste of 1 mol. of CUoO (obtained 
by reducing CnSO, with glucose and NaOH) 
and the decomposition allowed to 2 ’roceed in 
the cold. Tire yield of nitrobenzene from ani- 
line is 42 p.c. of the theoretical, but with other 
bases it is smaller (Bandmeyor, B. 20, 1494). 

27. rrimary and secondary amines^ react at 
once with diazo- com]ioundsfi)rmingdiazo-amides 
(<2.n.): X.N,.01t i ll,N.Y-X.N,.NJiy + JLO. In 
these bodies the diazo- radicle rejrlaces 11 united 
to N, and on treatment w'ith excess of acid they 
readily regenerate the dia/.o- comj'Oimd and 
amino. When diazo- compounds act ujron salts 
of aromatic amines^ the diazo- residue may re- 
place H in the carbon-nnelen.s, with form.'ttion of 
amido-azo- coin])ouuds : X.N..()II + HY".NfE - 
X.Ny.Y".NtL-r Jl .o. lu the case of tertiary 
aromatic amines Ihe latter reaction is the only 
one possiijJc, but with primary and secondary 
aromatic amines (lie n-pbicement in the nucleus 
may bo lu'ccodml by tlio formation of a diazo- 
amide, when there i.s no large excess of mineral 
acid pro.sent. The roadines.s with which amido- 
azo- oompour]d.s are formed varies greatly with 
the amino: in sonuj eases {e.g. (a)- and ()3).naph- 
thylamine, phcnylene diamine, Ac.) tho replace- 
ment in tlio miclonsajii^ears to take jdace almost 
instantly; in others {e.< 7 ?iiniline) the reaction, at 
tho ordinary temperature, takes several hours 
for its completion, allowing the intermodiato 
formation of the diazo-amide (Friswoll a. Green, 
0. J, lSy5, 917 ; I’rocccduujs 18S7, 2(1). In 
many cases the formation of an amido-azo- 
compound will take jilace in presence of a largo 
excess of aeid, muler whicli conditions tlie forma- 
tion of a diazo-nmido i.s precluded. In tho for- 
mation of amido-azo- conjpouiids of tlie honzeiie 
series the diazo-residuo onU'rs in the para- xiosi- 
tion to tho NIL group; but when this placo is 
already oecigued it lakes the ortho- position. 
The ortho-amido-a::o- compounds aj^iiear to bo 
dilTerently constituted to the para-amiJo-azo- 
ooxupounds (y. Azo- cojireuNos), If tho amine 


does not oontttin any free para- or ortho- position 
the formation from it of an amido-azo- compounc. 
does not appear to be possible. When a diamint 
contains displaceable H atoms para to each NH ■ 
group, it is capable of reacting with 2 mols. of z 
diazo- compound to form a disazo- compound ; 
2X.N,.OHfH...Y"(NH.,),= 
(X.N,).,Y‘''(Nli,,),-t.2Ii;6. 

28. Diazo - compounds readily react upon 
phenols and their sulphonic and carboxylic acidi 
in alkaline solution, forming oxy-azo-com. 
pounds X.N2.0n + H.Y".OH = X.N...Y" OH -i- H.,0‘ 
Compounds of the form X.No.OY' analogous tc 
tlio diazo-amides have never been obtained. Tht 
above remarks {reaction 21) witli regard to the 
position taken by the diazo- group in the benzene- 
nucleus apply equally to oxy- and to amido-azo 
compounds. Also, tho di-oxy- com[)f)unds, simi 
larly to diamines, can give rise to disazo- 
compounds (X.N, ).¥'''(()! I), when they contain 
di.sj)ijiceable II atoms para to each Oil group. 

29. Diazo- compounds readily react witl 
pyrrol, with fornuitioti of azo- and disazo-bodics 
X.Nm.C, 11, Nil and (X.N..)X,II..NM, but no com 
pounds analogous to diazo-amides (0. Eischer a 
Hepp, B, 19, 2251). 

30. Piperidine, on tho other hand, gives rise 
to i)iporiaides X.N„.NCiH,o (0. WalJach, A. 235 
233). 

31. Amido-thiophcnc, nnWVo aniline, docs not 
appear to form diazo-amides when treated with 
flia/o- compounds, but: give.s at otico amido-azo 
compounds X.N..C 4 BiI,.NJI,, (Btadler, B. 18 
23 1^^). Tliis i.s no doubt duo to the tendency tf 
replacement of tho. hydrogen being greater in the 
thiophene ring than in tlui benzene ring. 

32. Diazo- compounds react with tliuso, bodies 
of tho faity series which contain H united to C, 
replaceable by sodium, e.g. nilro-mcthane, nitro- 
ethane, malonio other, acelo-acotic ether, other 
ketonic ethers, Ac. Tlic products are mixed 
azo- compounds: those from niiro-niethane, for 
inslanco, h.ave the constitution X.N,..C1L(N0A 
(Moyer, B. B, 751, 1073; 9, 381 ; Zublin, B. 11, 
II 17; Kapp(3ler, /i. 12, 2286; liichtcr a. 
Miinzer, B. 17, 192<) ; Griess, B, 18, 961 : 
Bamberger, B. 17, 2415 ; 18, 2563). 

Salts. — The diazo- salts have the general 
formula X.N...A. They are mostly white crys- 
talline solids, very easily soluble in water, but 
sparingly in alcohol and ether. They are 
usually very unstable, and in the dry state are 
often very explosive, especially the nitrates 
and picrates. By the action ot K.BOg upon 
diazo- chlorides, sulphJtc.s aro formed of 
tho constitution X.\j.SO;,K. Stannic and 
cuprous salts give double compounds of 
tho formula (X.N 2 .Cl)gBnCI<, (X.N 2 .Cl)Cu. 2 CL, 
(X.N.Jh')Cu.Br 2 , Ac. (Griess, B. *18, 966; 
Ijetlmann, J). 19, 810). The platino-chlorides 
(X.N.^.Cl)dTCl, aro .sparingly soluble pps. An 
excess of bromine j)roduces yellow or red pps. 
of tlio per-bromitles X.NDr.,. The diazo- 
siiljihonic and carboxylic acids form salts 
X"(8l),M)..N.-On witli bases, as well as 
X"(B(), 11 ).X 2 .A with acids. 

Atnides. As already mentioned {reaction 
27), the action of i>rimary and secondary amines 
upon diazo- compounds gives rise to diazo- 
amides of tho general formula X.N„.NHY, or 
X.N.^.NYjYa, Thus diazo-benzene and aniline 
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|4iazo*benz6ne4uiilide(diazoamidobenBen6): 
%N,..OH + OA.NH., « C,II,.N2.NH.CA. 
e bodies are in general yellow crystalline 
is, stable below 100^ when free from acid, 
teatment with an excess of mineral acid 
I are resolved, even in the cold, into the 
salt and amino. When the amine is 
atic the resolution products aj^'ain slowly 
jttbine, if the conditions are favourable, to 
ice an aniidq-azo- compound X.N.wY".Nl[.j 
tfic Avith the oriprinal diazo- amide. The 
ftion and recombination take place con- 
btly when the diazo-amide is treated with 
m- of cold dilute IICl, or with unstable 
pi^BUch as ZnCl., CaCL, aniline chlorid(‘, A’c., 
I^Mboholic or aniline solution (i’riswell a. 
C. J. IHSr,, 017 ; Wallach, A. *23:1). 
a diazo-amido is treated witli a salt of a 
Jli^different from that of which it is a com- 
^iiild, the diazo- salt generated will react upon 
!*|--]tese of the two whose nue.leal hydro;;eii is 
♦^'jeadily replaced. Thus diazo-bfinzeiK'-di- 
v;^^l-amid<.' CJl,.N„.N.Ar(>,. treated with aniline 
’ii<jijiildo ffivos amido-azo- benzene and di- 
:®|hiyl-aniino ; similarly, d'azobenzene-unilido 
.NilC.jlIs treated with ?a-phenylcnc* 
liydrochlorido yields di-amido-azo- 
ijfltt^rie CylIyN^.CJI.,(Nff..),^, whilst aniline is 
free ; but diiizo-benzene-anilido treated 
-toluidino hydrocliloride f,dvcs amido-azo- 
aiewne and p-toluidino, bccaijso the para H of 
■Jfaluniline is more readily rej.dacod than tho 
Alio II of the p-loluidine. blveii very weak 
sncli as acetic acid and plicnols, arocapabh? 
f' i^olviri'' most diazo-amides. In tho latter 
ifll^:the diazo- compounds produced immediately 
with tlie phenol to form oxy-azo- com- 
Jlnds, for diazo- residues replace tlu* hydrogen 
‘^'tho nuebius more readily in phenols tlian 
t amines (Iloumann a. Occonomides, Ji, 20, 
01 ). 

In general it may be said that the reactions 
jbf the diazo-amides towards reagents in presence 
bf acids, are simply tho reactions of the free 
sdiazo- salts ; thus SnCh and HCI reduce tln-m 
Nio hydrazines {cf. reaction 7); heating with 
Jetrong halogen acids gives lialoid derivatives of 
ithe hydrocarbons [cf. reactions 11, 14, 10, and 
fl7); (fee. 

It aijpears to be proved (Griess, B. 7, 1019 ; 
Nolting a. r>inder, Bl. 42, .31)0 ; Meldola a. Streat- 
feild, C. J. 1887, 102, 431) that tho diazo-amides 
of the types X.N,.NI1Y and y.xN,.NHX are iden- 
tical— that is, tlie .same body is obtained whicli- 
ever of the two amines is diazotised and com- 
bined with tho other. Tho resolution of these 
iinsymmetrical diazo-amides (piito corresponds 
to their formation, for they yield a mixture of 
both diazo- compounds X.N.jOlI and Y.N^OII, 
and both amines X.NIL, and Y.NIL. For m- 
fctance, tho compound C^H. NgH.C.II; is obtained 
by combining either diazo-henzene with j>to]ui- 
dinc, or p-diazo-lolucne with aniline; and on 
treatment Avith HCI it splits up equally into 
diazo-benzene, p-dinzo-toluonc, anihjio, and p- 
toluidine. When only 1 mol. of HCI is present 
these resolution products will recombine to form 
one or more amido-azo- compounds according to 
circumstances. 

Alkalis, even in boiling aqueous or alcoholic 
solution, usually have no action upon diazo- 

Von. I. 


amides. Tho H of the NH group of the primary 
diazo-amides apjAear? to have slightly acid pro- 
perties, and by introduction of NOj groups into 
the nuclei the diazo-amide becomes sufficiently 
acid to dissolve in aqueous alkalis and form 
tolerably stable salts X"{NlK).N.,.NM'.Y(NO;) 
(Meldola a. Streutfeild, C.J. 18S<i, b2i; 1887, 
102, 134). 

ily tho action of alkyl haloids upon tlio 
primary diazo-amides d-:3solved in an alcoholic 
solution of (1 mol. of) sodium ethy la le s-'econdary 
diazcj-amides are oblaine 1 (.M. a. S. ; I’l'iswcdl a. 
Given, B. 19, 2031 ; G. J. 1880, 740). When the 
tAVo aromatic nuclei are the same the secondary 
diazo-amides obtained by alkylation are identical 
Avith those got by direct combinatinn of the 
diazo- compounds with secondary amines. Hut 
acc.)rding to Meldola and Streatfeild ((,'. J. 1887, 
134) the com])oiind obtained by ethylating 
the unsymmetrieal la-nitro'diazo-heiizono-p- 
nitranilide [3:1] CJ1,(N(),).N., 11.0,11, (NO,) [1:4] 
(which is obtained either from n/-nitro-diazo- 
benzene and p-nitraniline, or from ;)-nitro- 
diazo-benzeno and w-nitranilinc) is (lilTeront 
' from either of the two cthvl-<leriv.'iliYC.4 
j [3:1] C,ll,(NO,.).N.,.NKt.C,II,(N(),,) [1:1) and 

I f4:l]G,li,(NO,).N.,.NKt.C,ll,(NO,) obtained 
^ by combining in- and p-nitro-diazo-henzono Avitli 
' etliyl-p- and m- nitraniline.s respecti vely. The tAvo 
I latti r ethyl derivatives are split up by acids into 
j m-nitro-diazo-benzene and etliyl-p nitnuiilino, 

! and p-nitro-diazo-benzeno and etbybia-nitranil- 
: ino respectively; bnt th ; former ethyl fieri vativo 
! (obtained by ethylation) yields both diazo-corn- 
' pounds and both ethyl-nitranilijjca in about 
equal amounts. 

Constitution of Although a 

considerable amount of work has beeji done on, 
this bubj(A(}t, the matter is still far from settled. 
Tho formula X.N — N.Y is disproved by the 

\/ 

Nil 

resolution of tho alkyl derivatiws into diazo- 
coinpound and alkylatefl amine, since the latter 
j could not be obtained fr m a compoiiiid of that 
structure (FrisAvell a. Grecm, 6'. J. 1880, 74(5, and 

B. 19, 2034). The formula X.N.NIIY does not 

N 

appear to haA^o much probability, since one* 
AA'onld expect a body of tho constitution 

C, .1I...N.N11CJI5 to give on roduction Nil, andl 

N 

hydrazobenzene ; these bodies, however, are not 
formed from diazo-benzene-anilide, even by 
adding sodium to its boiling alcoholic solution 
(F. a. G.). Neither tho latter formula nor tliat 
usually assumed X.N:N.XIIY is capable of ex- 
plaining the existence of more than two isomerio 
alkyl derivatives. 

For further references concerning llio diazo- 
amides sec Bayer a. .Tiiger, B. 8, 148, 89.3; 
HnrauAv, B. 14,2142; 15, 42; Ndlting a. Bau- 
mann, B. 18, 1147; Staedol a. Bauer, B. 19, 
1952; Wallach, A. 235, 233; Bernthsen a. Goske, 
B. 20. 92(5. 

J jw i (7 cs.— Obtained by the action of NH, 
upon the per-bromldes : 

X.N,Br, + NH, = X.N<' II + SHBr (Griess, A. 

137, 65 ; B, 18, 003). They are also formed by 

HH 
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'ih« decomposition of nitroso-hydiazines : 

X.N^q'=.X.N<^|| +H, 0 (Fischer, 4. 190, 

92, 96). They aro usually yellowish oily liquids, 
insoluble in water, cxjiloding when healed. 
When heated with cone. liCl they are converted 
into cliloro-amitlo- compounds: llX".N3 f JICl - 
X"CI(NJJ.) + N... Diazo-benzenc-iinidG heated 
with dilutiid with an equal volume of 

water is converted into j[)-amido-ph(:nol : 
C^H^.Nj+tl.O C,T1,(0H)NH..4N.. (Grie.s.s, U. 
19, 313; i'hscher, A. 190, 07; 232, 230; 
Silberstein, J. pr. [2] 27, 110). Diazo-hen/.oic 
acid rends with phenyl-hydrazino, forming the 
imides of diazo-benzoic ncid and of diazo-bon- 
aene together with amido-bonzoic acid and ani- 
yCO., 

line, thus: 2Cjr,< | ‘ + 2Cjr>’ILNlI., = 

\N3 

c,.ir,(co.,ir).N<JJ + cjr,.N<U + 


C,H,(Nir,)CO,II f C,H,.Nir2. This equation is 
general ((Tiit^ss, 20, 1528). 

Diazo- coin])ou7ids derived from 
o-amido^azo- compounds . — Although the so- 
called o-amido-azo- compounds 2>robubiy do not 
contain an Nil, group, but aro hydrazimiflo- 

bodies X'-N<^2>y'' or | >Y" 

X'-NH.N / 


they aro, nevertheless, slowly attacked by nitrous 
acid, with production of diazo- compounds. The 
only member of this class of diazo- compounds 
at present examined is that obtained by diazo- 
tising o-amido-azo-tolucnc. In some of its 
reactions it behaves like an ordinary diazo- 
compound, in others quite diiTercntly. On 
heating with water or alcohol it is decomposed 
with evolution of nitrogen. By zinc-dust and 
alcohol it is converted into m-p-azotoluene and 
Nj. It is not reduced by SnClj or SO, to a 
ixydrazino, but gives a stable compound C,,H,,N^ 
which probably has the constitution 
N— NH 

C^j(CH 3)<^ j ( This body is rc- 

N-N.C.H.fCig. 

converted by bromine into the per-bromide of 
the original diazo-compound. The diazo-iinide 
loses nitrogen on heating, and yields tolyl- 

azimido-tolueno C«H3(CH,)^ | ^N.C,H,(CH3) 


identical wdth that obtained by oxidation of 
o-amido-azo-toluone(tolyl-hydrazimido-toluene). 
Hence the constitution of this peculiar diazo- 
compound is probably 
.N—N.OH 

C3 Hj(CH 3)^ I I (Zincke a. Law- 

\N-N.C«H,(CH,) 
jBon, B. 19, 1452 ; 20, 1176). 

]B« Fatty diazo- compounds X\ ||. As 

\n 

•already stated, the fatty diazo- compounds con- 
tain a molecule of water less than the aromatic 
diazo-hydrates. Their discovery is quite recent, 
and is due to Curtiua. At present only a few 
members of the group are known; these are 
obtained by the action of NaNOj upon the 
hydrochlorides of amido-fatty-ethers X'"H.,.COjli, 


and hence have the constitution X'"(N.3)C().^B. 
They are unstable oily bodies, which exhibit 
the following reactions;—!. By boiling with 
water or dilute acids^ they are usually con- 
verted into oxy-ethers, e.g. CH,(OH)CO,jEt, 
with evolution of nitrogen; however, diazo- 
C(N.,).CO,,Et 

succinic ether | by this treatment 

CIL.CO.Et, 

gives funiaric ether.— 2. With alcohols they 
yield alkyl-oxy-ethers, e.g. Cn.^(OEt).C02Et. — 
3. With organic acids tliey yield tilkoyl-oxy* 
ethers, e.g. Cli.j(OAc).CO — 4. With ahUlujdes 
they yield alkoyl-ethcrs, e.g. Clf.Ac.CO.Et. — 5. 
With zinc-dust ami acdic acid, they are reduced 
first to hydr.-izine.s, and then to the original 
amido-ethers. — 6. lodim: in ethereal solution eon- 
verts them into di-iodo-ethers, e.g. CHI.,.CO Et ; 
broniino and chlorine act similarly. — 7. By long 
boiling witli aromatic hydrocarbons, nitrogen is 
evolved, ami condensation-products are formed. — 
8. Jly treatment witli cone, lutlogcn acids they 
yield haloid ctliers, e.g. CM.Cl.CO.Et.- 9. By 
treatment of the diazo-idhcrs with NH., they are 
converted into the corn'sponding amides, e.g. 
ClI(N,).CO.NiE, whose reactions are similar to 
those of the ethers. Tlio free diazo-acids, e.g, 
CH{N,).CO.JI, and their sails, have not yet been 
isolated, on account of tlieir instability (Curtius, 
B. 17, 953; B. 18, 1283; Buchner a. Curtius, 
B. 18, 2371; 19, 850; Curtius a. Koch, B, 
18, 1293 ; 19, 2100). A. C. G. 


nnscKirTioN or diazo- compounds. 

A large number of diazo- compounds aro 
mentioned under the amido- compounds from 
which they are formed. 

Pseudo-diazo-acetamide C,;H„Ni,03. Formed, 
together with diazoacetamido, by prolonged 
action of strong aqueous NH., in the cold upon 
the methyl ether of diazoacetic acid CdTN3.CO.jM0 
(Curtius, B. 18, 1287). Fine crystalline yellow 
powder, consisting of microscopic quadratic 
plates. SI. sol. cold water, dilute lICl, and 
acetic acid. Insol. alcohol, ether, and benzene. 
Dibasic acid. On warming with water it evolves 
nitrogen. Aqueous alkalis evolve nitrogen and 
ammonia. It gives a green colouration with 
Fehling’s solution ; on boiling a black pp. is 
formed. Silver and mercury salts are reduced 
on boiling. 

Salts.— A"{NH4 ).j: small yellow tables; si. 
Bol. cold water [c. 155°]. — A"Ag.j liaq: yellow 
microcrystalline pp., v. si. sol. water. Ex- 
plodes on heating. — A'Hg : yellow pp.— A"Cu*‘ ; 
sparingly soluble reddish-brown pp. — A"Pb: 
yellow pp. 

Diazo acetic acid 'CHN,.,CO.jH. The free 
aoid and its salts have not been isolated on 
account of their instability. The alkaline salts 
are obtained in solution by treating the methyl 
ether with cold aqueous alkalis. 

Methyl ether MoA'. (129°) at 721 mm. 
S.G. 21 1-139. 

Ethy*l ether EtA'. [-24°]. (144°) at 721 
mm. S.G. 1-073. Formed by the action of 
NaNOa on a concentrated solution of the hydro- 
chloride of amido-acetic ether. Yellow oil. V. si. 
sol. water ; miscible with alcohol, ether, benzene, 
and light petroleum. Explodes whe? 
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1,804 is poured upon it. Reacivm.—l. Boil- 
ng wai&r gives glycollic ether, nitrogen, and 
Joohol.— 2.BoilingaE<?o/w2give8CHj5(OEt).CO,Et 
ind nitrogen. — 3. Benzoic acid gives rise to 
3H2(OBz).CO.Et.— 4. Reduces AgNO, in cold 
iqueouB solution.— 6. Reduces hot Fehling's 
\olution.—G. Zinc-dust and acetic acid form an 
instable hydrazo- derivative NlIo.NlICiL.CO.;Kt, 
vliicli is further reduced to ammonia and 
:^H.,.CH„C02Ht. The hydrazo- derivative re- 
luces cold Eehling’s Bolution.— 7. Combines 
tvith aldcliiidcs, thus; Rh.ClIO + ClIN.^.CO.Et --- 
Ph.CO.CHj.CO.Et-l- Nj.— 8. Clianges on staiid- 
inginto* azin-suceinic ’ ether, G Jl,N .O^Et, [2-15^]. 
i). Boiling produces Nl'hll.CJl.^COd'it.— 

10. Cone. IICl gives CH,.Gl.CO,Et.— 11. Ilotconc. 
KOH forms a crystalline psoudo-diazo-salt 
whence boiling dilute H.^SO, liberates hydrazine, 
N.jlL (Curtins, B. 20, 1032). 12. Roiling aro- 
matic hydrocarbons produce condensation pro- 
ducts ; thus benzene gives C,ll,COoEt (Buchner 
a. Curtius, Ji. 18, 2371). 

Is o-a in ij l-e I h c r C;,H,| A'. (1 GO^) at 720 mm. 

Aviide VAiS.SA)'mi.j. [II C’J ; yellow tables 
or prisms; v. sol. cold water or alcohol. Formed 
by the action of strong aqueous NH., upon tho 
methyl -ether. The aqueous solution decom- 
poses on boiling with evolution of nitrogen and 
formation of glyeollamidc. By treatment in 
alcoholic solution with iodine it is converted into 
di-iodo-acelamide CIII2.CONII2 with evolution 
of nitrogen. It gives a blood-red colouration 
with AgNOg, and in a few moments a reduction 
to metallic silver. It also reduces ITg(N03)2 
and Cu(OAc) 2. With Fehling’s solution it pro- 
duces a red colouration, which becomes green on 
boiling (Curtius, B. 17, 053; 18, 1283). 

Biazo-aniido-benzoic acid 

(3) XO.O (1) 

CttHs(NH2)C I • Obtained by adding 
\ N:N (6) 

sodium nitrite to a solution of (0;3:l)-|)-di- 
amido-bciizoio acid containing barely sulUcieiit 
HCl to dissolve it. Long slender needles, or 
four-sided plates. Yellow colour. Ritter taste. 
V. sol. hot water, si. sol. hot alcohol, insol. 
ether. Has no acid properties, but is a weak 
base. When dry it explodes on heating. It is 
decomposed by long boiling with water. It com- 
bines with amines and phenols to form azo- 
compounds. 

Salts.— BjIICl ; white six-sided plates — 
B.K-gClgrtCl^ : sparingly soluble small yellow 
triinetric plates. -B.AuClg.IlCl ; yellow insolu- 
ble needles (Griess, B. 17, 003). 

p-Diazo- aniline salts are formed by diazo- 
tising salts of ^-phenylene-diamine (Griess, B. 
17, 607).— C,Hi(NIL2)N2ClHClAu.2Cl4 is an in- 
soluble pp. ^ 

tn-Diazo-aniline imide CaH^(NH2).N<^ 11 

m-Amido-diazo-henzene imide. Yellowish oil. 
Volatile with steam. Easily soluble in alcohol 
and ether. 

Prejparation. — wi-Amido-phcnyl-oxamio acid 
CflH jNH2).NH.C202.0His diazotised and conver- 
ted into the tribromide CaH4(N,Brj).NH.G.20.2.0H. 
By treatment with NH, this yields the imide 
CaH4(Na).NH.C..02.0H, which on boiling with 
aqueous KOH splits off the oxalyl group with 


production of m-diazo-aniline imide. On diazo* 
tisation it gives a diazo- compound which com- 
bines with phenols and aminos to form azo- 
dyestuffs. Decomposes explosively on heating. 

Salts.— B'HCl : white soluble trimetrio 
plates.— B'..H..Cl..PtCl4 : yellow needles (Griess, 

B. 18, 063)' 

wi-Diazo-aniline piperidide. 

Acetyl derivative 
CJI,(NIlAc).N.,.NC,H,„. [101°]. From acotyl- 
7«-toIyIcne-dianiine hydrochloride by dia/.otisa- 
tion and treatment with prporidino (Wallach, A, 

235, 266). 

(a)-Diazo-antliraquinone nitrate 

C, ,1L02.N..X03. Formed by passing Jiitrous acid 
gas into a solution of (a)-amido-anthra(piiiion0 
in dry etbor (RoKger a. Petersen, .1. 166, 160). 
Powder, m. sol. water, v. sol. alcohol, insol. 
ether. When boated with water it gives and 
?a-ox5'-anthraquinonc. 

Diazo-benzene. Jieferenccs : Griess, Tr. 1864, 
iii. 667 ; A. 113, 201 ; 137, 30. 

11 ydroxide rh.No.Oll(?). On adding acetic 
acid to an a<incou3 solution of Pb.N.,.OK a thick 
yellow oil is ppd.; this may ho diazo-henzone 
hydroxide. It is very unstable. 

B al 1 8 .— PIi.N.mOK. a crystalline substance 
obtained by adding excess of cone, acpioous KOH 
to a saturated solution of diazo-benzeno nitrate, 
and evaporating at 100°. Detonates feebly at 
130°. V. sol. water and alcohol, insol. ether. — 
Ph.Nj.OAg: obtained as a greyish-white pp. on 
adding AgNO., to an aqueous solution of the 
preceding ; explodes whenheated. — (Ph.N.MO)2Hg : 
white pp. got by adding IlgCla to the potassium 
salt (Griess, A. 137, 57). 

Nitrate, — Ph.N.-.NOg. S.G.1'37. It.F. 
-47,100 (Rcrthelot a.'Vieille, C. R. 92, 1074). 
Prcipared by p.«ssing nitrous fumes at 0° into 
an aqueous solution of aniline nitrate contain- 
ing undissolved aniline nitrate in suspension; 
ppd. by adding alcohol and ether. Needles; 

V. e. sol. water, m. sol. alcohol, insol. ether and 
benzene. Btable in dry air in the dark, but 
decomposed in moist air. Explodes at 90° 
forming CO, CH„ N, HCN, CII^, and C. The 
decomposition may be roughly represented thus : 
CeH,.N.2.N03 = SCO + 3C + 5II + 3N . 

lteaclio7is.—l. Barium carbonate added to 
its aqueous solution produces Ph.N.g.CoH^.OII and 
CjgHi^N^O [131°]. This ‘ benzene-di-azo-phenol ’ 
is perhaps CA.N...C,Hg(OH).N2.C,lI, for it 
may be reduced by HI to di-amido-phenol 
(P. F. Frankland, C, J. 37, 751). It is soluble in 
NaOIIAq.— 2. Aqueous NaOH, added to neutral- 
isation, gives the ‘ bei:/.ne-di-azo-phenol ’ and a’ 
brown substance, C3,;H.23N50, insol. NaOHAq. — 
3. Aqueous ammonia produces diazo-benzene- 
anilide and two amorphous brown substances, 
CihILiNjO and Ci.H^NsO. The latter is very 
explosive and is decomposed by boiling HCl into 
phenol, aniline, and Nj. — 4. Boiling dilute HNO, 
(1 mol.) forms 0- andp- nitro-phenol (Noltinga. 
Wild, B. 18, 1338).— 6. Aqueous K^FeCyo forms 
a compound CjgHj^Nj, [160°] (Griess, B, 9, 132), 

6. Potassic ferricyanidegiyes{Cgil^}!i^)^{B.^eCy^)^ 

7. Sodium nitroprusstde gives the compound 
CJI,N.2H.FcCy4(NO)aq (Griess, B, 12, 2120).— 

8. Nitro-hemzijl cyanide and alcoholio KOH give 
a pp. of C„H,oN40a [202°] (Perkin, 0, J, 43, 111). 

CAforide.— Ph.N2.Cl. Formed in solution 
D D 2 
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by diAXAtifing tnlltne hj4rochIoride» OomUn^ 
lUi. - (C,H,-.N,X:i),SnCl. : white plates, wl, 
water, ▼. b 1 . »o 1. nJcohol and ether (Orioss, B. 18, 
9«r>». -(rhNX:l).l'tCl,: yeHow prUm'? V si. ftol. 
water, irisol. alcoh'd arid etlier. I’iiN ClAriCl;, . 
goMi-r. plat* ^ in ol. saf. r, ni. warm a'rolml. ! 

l:,>>tntdr. I'mim -l hy > 

hrf.fMim- I.M •tr.Mlali-.n .lia/.o-hni/eiie 1 

fij:;;.; lue pt r hrurni.l*: for a Ion;,' ; 
l‘i iirly plates, v. e. boI. water, ' 


anilid", or liy wa 
limt! , I !i ftla-r. 
in.sul. f'lln r. 


l‘cihrumiiU'. rir.N .Itr,, Formed by | 
a.ldi.i;-: di:' (' i! VI <1 111 H(dA<| to an i 

; ..lahnii id a dia/obi n/ei!i; salt. Ii.ar'f! 
y*dlo.\ p!a!'-i , 111 ol. v>al‘T and i-Lhi r, in. sol. (.-oid 
alcohol. tiiV' .i htotiio 111 ii/fiie wIm'M dislilli.-d • 
with N:i < <>, ur whet! healed with uli-olml. : 

Snl 'rhi.' l>-. I'll. .N,. SO, H. I’pd. by addiiij' ; 

ali'iihol (.'! and ether to a solution of; 

ili.i/.iiheii,'. lie iiili..'e mixed v.illi an eipiivaleiit 
Huanlity of 11. So . I'ri .ins, v. e. I'ol. wafer, : 
V. hi. I ol. uh ohoi, in •.•!, elher. 1 i Xploiie|J at 1*111'. • 
Du-Hamd,'. <hlI N, or C, H ,N..C.\'.ll( N. 

Til) ;. io.iriii' 1 hy the !udioM of a dia/.o-lien/eno j 

halt on a ...ilntion id KC.N". Readily {leconipu.-'.e.s 
Fhihriel, II. 12, l*h!7|. 

/'ti ro O'. I’h.X .(>.C„ir,(N'0..)j. Yellow 
needli I, ohlaiiied hy tnixiii;' solution.^ of dia/.o- 
ben/ene nitrate and : odium i»ierate. Very ex- 
jilosive (Ihieyer a. .ht 'i r, Ji. H, IfSl). 

.S’ .'(//. /i t/i’. The i)ot(tssii( in salt^ 

C„1I,.N ..SO, K, culled ah.o fH)!a>,sium dhi.toheiuone 
sulphoinitr i t ppd. hy adding Koll to a mixtiiro 
td diii/.nhi iii'.eiii! nitrate and K_.Sl)jAi| (F. Fisclier, 
.1. I'.H), 7d). It forms explosive yellow eryidahs. 
llroiiune ill Cone. lli;r.\<[ pp.i. dia/.ohen/.i no 
|)erhromide. /inc dii't find acetic, ncitl reduce 
it t" the coiiei.piindin;.' Iiydrii/.o- compound. 

(Joiivcrled hy (’ll A.) into nilro hen- 
JSeiin (N.iiidineyer, /•’. 2<h IU*7). 

i'fm.'Ki'i • ,s a //)/( I M It f «) lMi.N_..SO J I 
I'rom sodium ben.',ene sulpliinato and 
clill'/oheli/.etie liill.lt;' (Konijp!, />. 10, ir».’’.2). 

Oian.':'' Ifihh I (fnun alcohol); in.sol. cold water, 
V. i.oh alcohol and ether, 

m-Totr azo bciueiio l’,H,^N'..011). 

Forninl hy the niii.ui «d a l.iree c\ci ss of 
niin.e.i.i aci 1 ujaci >:■ plu'iiylene diamine in pre- 
sence of a larc.i i a sa of HOI. It coinhine.i 


The Above diAZo«benzeiie'Ainido*beiizo!o Aofd 
O.H..Ns.NH.C-H,.COaH is identical with diazo^ 

bonzoic-acid-anilide, 0 *H 5 .NH.N 2 .C 4 H 4 .COjH 
(Gri?s3, B. 7, 1619; c/. Meldola, C. /. 61, 

4115). 

Diazo-benzene-anilide Ph.Nj.NIIPh, Diazo* 

amiil>ljon:^n.ne. Mol. w. 107. [06'^]. 

F,>nn itLi>n. - -\\y passin;^ nitrous acid gaS 
into an alcoholic solution of aniline (Griess, 
121, ‘J.'.Mj. 

JWjM/rnf/on.—A solution of 18 pts. of sodium 
nitrite is added to a solution 60 pts. aniline, 
1.5 pts. cone. H.,SO^ in about 1,600 pts. of water, 
the teinperutiin; of the mi.xture is kept for 15 
mins, between ‘J'F and 00^, the pp. then filtered 
idf, washed, and dried ; the yield is 08 p.o. of 
the theoretical (Staedel a. Bauer, B. 10, 1052). 

} ‘l ll/u'} HV.s. Golden plates (from alcohol), or 
lar/e flat prisni.s (from henzene). Explodes 
he! .vecn 16U ’ and 200' . Insol. water, and diluto 
a' id.^ ni. sol. eold alcoliol, v. boI. hot alcohol, V. 
sol. ether and benzene. 

Brartiuns. - 1. Hot cone. HCIAq splits it up 
into jihenol, nitrogen, and aniline; cold llClAq 
gives aniline and diazolienzone chloride, which, 
if an e.xcess (more than 1 mol.) of IICl is not 
pre ieiil, recombino forming lienzenc-azo-aniline 
(7. Un.slablo chlorides .sucli as anilino 
liydroi.diloride or ZnCl.^ also el'fect tho conver- 
sion into ben/.ene-azo-anilino. — 2. Bromine in 
1 1 BrAq gives d iazohenzeim bromide and tribromo- 
aniline.- d. 'I'he hydrogen atom of theNH-group 
cun bo readily replaced by alkyl radicles by 
tri al meiit willi alcoholic haloids, and sodium 
ethylate. The alkylated diazohenzcne-anilides 
thus ohtained arc s[)lit up hy aeid.s into diazo* 
hi Mzeiio and tin? conr.-jioniliiig mono-alkyl-ani* 
liue. A proof is thu> alTurdi d of the unsym* 
metrical Htriiclure of the anilide, and since tho 
only other po.ssihle formula CJl ..''.NU.CuIIj U 

excluded hy tile fact that the body i.s not reduced 
by alK.iline rcdueiiig agent:; to liydi azobenzeno 
and Mi „ the formula I'h.N .\li I’li i ; probably 
corr<<‘l. (Friswell a. Green, C. J. T.), 716; B. 
ID, 2*i;U). 1. Bhmnl at 100 ' gives bt nzenc-;;* 

a/o-plii nol. Be.-oicin and the naphthoLs act 
.^dniilarly (Heumann a. Oecoiioniides, B. 20, 
672 ). 


with 2 mol I. of .in amine or pheiud. 

Saits. (’ 1 1 ,1 d'fi '1^ ; small yellow 
platis; nc(iil> in i lnble in eobl wafer and 
alcohol; hutfi ! with dry Na,(,’0, it yields di- 
cliloio bcii.'i lie. (;,,n,(N.Gl) Aii.(d„ : pp. of 
ja.’llow micri'.'-opic needles, e.\pb*si\e piiie.ci, 
ii. ID. dl7). • 

p Totr-aro-t enzeno CvH,(N\..GH). [1:1’. 
t’onned by itie action of an e\c< -s of nilieiis 
ftcid up.-n ;'-phenvler.e dijiiuine in pii stiu'c vd 

A lar, \c/:.s of acni. C. I'lCl,: xollow 

iny.i.ioine c\p!o.-ive pp. ; hy iu c.tiiig witli dry 
Na ( O. it vieid-v ^ di chioio brii.'.ene (Griess, 

B. ID. :UDi.’ 

fii.-rzo beuicue.n; amido beuzeic acid 

C, dl ..N^.Ml.l’ ;H ,V O 11. Formed by mixing so- 
lutions of iii;v.,o bcn.-.cne nitr.ite and //.- amulo- 
beu.'.oic acid (Giic.s.-i, .(, ID7. t'eji. Small yillow 
p!alc.s ^froiu ether). Si, sob alcohol, v. c. sol. 
elher. F„H„N.O_H.rtGl,., 

B ih^l <• : h t' r . IT ,\' ; vollow erv ;! nls, v. e. 
•ol. alcohol and ell.er. C.,H„K,0,Il.r:i;i,. 


Salt’^. 1’li.N^.NAgl‘h : orange noodles. — 
(IMi.X .Nlli’liHCil^.BtC'l,: unstable crystals. 

‘ su I am i <l,' 

: r HTS().NH..).N...NH.C,dI,.S(TXn.. [18:i% 

! Yellow needle.s. From C.H,(S() NlijXII,, 11X0, 
and nitrous acid gas (ilybbenetli. .1. 221, 206), 
Cone. liCi eonverts ii, into 0,11,01.^0^X11.^ 
C,.lI,tNllDSO,XH, and X,. 

Diazo.benzone-azo-lwnzcne-p-sulphonic acid 
i CiI,tSO,) .. X, ~C,.11,-X,.. Small vellow needles. 

I. I 

X'c.arly yi.solnble in most solvents. Formed by 
I long action of nitrous acid on aiiiido-benzene* 

I a/o-hen/ene-sulphunio acid. Boiled with water 
I it gives oxy-bt'iizene-azo-benzene sulphonio acid; 
i with nloo|joi it gives benzene azo-bonzcuc-sul- 
phonic aeul ^Griess, B. 15, 2l8(i). 

Diazo-bcnzcue-beaiyl-anilide 
C,ir.X,.XiC.lL).CJl,. Bauyl - diazo * amido- 
; bi u.-c'iie. [81]. Yellow needles. V. sol. acetono, 
m. sol. alcohol, in sol. water. 

I rici\i ration . — 30 tr. of sodium are dissolved 





In SOO e.e. of alooliol, » hot solution o{ 200 g. of 
diaso«benzene-anilidein 500o.o.of absol. aloohol 
added, and the mixture heated with 140 g. of 
bens^l chloride for 1 or 2 hours; the product is 
pi-ecipitated by water and recrystallised from 
alcohol ; yield, 200 g. 

Reactions.-— On heating it deco:nin)ses ex- 
plosively. lly excess of HCl it is resolved into 
diazoben/cne and benzyl-aniline (I'riswell a. 
Green, IS. 10, 2o:i0). 

Diazo-benzeno-bromo-anilide r. Diazo-uuomo- 

BENZENE-AMLini:. 

Diazo - benzene- j)-chloro- anilide. Form* d 
from p-chloro'diiizo Im'Iizouc and aniline. l\v 
warming with ]dicnol it gives oxy a/.o-lu n/ene 
and p chloruniliue (Huuniann a. Oeconuinides, 
2). 20, OOSj. 

Diazo - benzene - ethylamide rh.N..NIlKt. , 
From dia/.o l)onz('no nilrate and ethvluniiiu*. ' 
Ficrate (NOOjUH. ' : 

Diazo-bcnzcncethyl-hydra 2 idorh.N\..N .11 Kt. ; 
From diazo-ben/.enc nitiMto and ethyl hydra/.ino ; 
(H. Fi.'^clu r, .1. 100, MOOj. V(*ry unstable oil. ' 
lleduccd in alcoholic solution by zinc dust and | 
acetic acid to cthyl-hydrazinu and phenyl- j 
hydrazine. i 

Diazo-bcuzene-imide Cjr.N,. Tr/-ncu-6iu- 
icne. j 

Formation. 1. niazobenzene. perbromide is j 
treated with atpa ons Ml, and the product' 
di.stilled witij stt anj, dried over CuC'i.., and ' 
n etilh'd under dijiiinislied piassure, ((Jrie.;.;, 7V. 
Fsill, iii. 700). 2. I’.y wannitig nitrus<».j)hiMiyl- 

livdra/.inewith dilute KOll (Fischer, .1. 100,02). — 
ih ]{y adding .Na.dO, to a inixluro of diazo- 
benzene sulphate and hydroxylaniino. 

Propcrtic.^i. heavy oil; insol. water, in. 

Bid. alcoliol and elln r. lOctonatcs when tlistillcd 
under utinuspheric pressure. Not attacked by 
KOH. 

Rcdclioiis. - 1, lleduced in alcoholic Bolulion 
by 55n and 11. S(), to aniline and Ml,. 2. Jly 
heating with sirong JlCl it is converted into a 
mixture of o and /echloro-aniline : 

cji^.N, H 21101 -= c,;ri,.NH, + Cl, n.,- 
CJI,C1.MI,+ JICU N,. 

3. By heating with 11. SO, diluted wiih an eijnal 
volume of \sater it is converted into ;M.mido- 
phenol : C, 11 .N, s 11/J - C„n,..NII , - O e N, 

C,H,{OH)Nll.^ i N, (Griess, B. 10, Old). 

Diazo- benzene -dimetbylamid© l'h.X,.NMe,. 
From din/obenzeue nitrate and aijucous di- 
methylaniini; (Baeycr a. diiger, Ji. H, HOd). 
Yellowish oil ; explodes when large (juantities 
are heatnl; V'l.ilile with steam; insol. water 
and alkali.s, V. e. S'>1. alcohol, ether, and acids. 
Decominj.scd by aeids into diazoben/ene f-alts 
and diineth} laiiiine. Aniline hydroeliloridc 
forma dia/.o-b»;nzeMe-anilide and NMe.ll hydro- 
chloride. I'icrato IMi.Nj.NMeXJl (NO.,),(Gll) ; 
yellow needles. 

Diazo-benzone-methyl-anilido 

MethyLduiz()-ayyiido-hi‘nr.pm'. 
Heavy deep-yeliow oil. Not volatile with Hteani. 
Miscible with alcoliol, insol. water. 

Preparation {y,. of sodium arc dis.solved 
in 800 c.c. of absolute alcohol and mixed with 
A hot solution of 200 g. diazobe.nzene aniiide in 
500 0.0. of ab.^oluto alcoliol ; when nearly cold 
170 g. of methyl iodide are added ; a vigorous 
metion soon sets in and is completed by 1 or 2 


hours* cohobation; hall the alcohol ia then 
distilled off and the residue precipitated by 
water, the oil separated and dried over CaCl ^ ; 
Uio yield is 200 grm.B. 

Pciction.K.- On heating it deconiposo.s ex- 
plosivi ly. J{y exee.-s (tf 1101 it is resolved into 
diazo! enzene clilorido and nu ihylanilino 
(Friswi ll a. (Ireen. C. -I'.h 71S ; IS. 1'.), 20:ir>). 

Diazo-benzciie phosphonic acid nitrate (?). 
NOj.N :$a.i. S. nS at 18"; 

6'.> at HI'", IV'nned by j'assing nitrons acid gas 
into a boiling solution of amido-lH nzi ne phos- 
])honie acid in llN().,A<j[ (.Mich- dis a. lb n.'.inger, 
.1. ]s.‘^,2'SS), Longwhit*' prisms (Irom llNGj.Vi}). 
Explodes above Ipcr. V. koI. nleehul, ^1. sol. 
ether. Not alTeeted by boiling waUr, e\en in 
presence id ll.SO, ; slightly deeomjiused by 
boiling NaOlEVip 

Salt.s. Na A'' 2a«i. K.A"uii. BaA'diiuj. — 
A;vA''.- ri.A". ■ 

Diazo-benzone-piperi(UderhN,NC,H,„. [ Id 'j 
(Baever a. diigi-r, 8, HUd ; Wiillach, A. 2115, 
211 ). 

Preparation. .Aniline (lOOg.) is dis-.elved in 
ai|iuous HCl (2lrt c.c.) and the solution at 0" is 
dia.'.oti.sed with NaNO., (71 g,.l and then ]»oured 
into a dilute aipieuu.s solution nf jiiperidino 
(lUhg.) containing KOH (00 g.) ooided with ice. 

i'/eyifulax -Ciy^tals (from ether or petro- 
leuin-i (her). 

lU'itetiuns. -1. HCl ive sed into an ('Ihercal 
solution gives dia/.oben/.fiic chloride and )>iperi. 
dine hydrochloride. Aqueous IB 'I aels simi- 
larly. 2. Warm HCl form ; N elilorolu nzeno 
and pipeiidine hy<lroeh!oridi- ; phenol is a hy- 
luoduel. llBr and 111 net siimlui ly. - d. Hot 
dilute H SO, forniH phenol. 1. An ethereal 
solution of picric acid gives diazo henzeno 
pierate. * 

o-Dmo-benzeno sulphonio acid 

Yellowish tables, (jbtaiiu d by pass* 

. ing nitrous acid gasinlowatercoiilainiiigo-amido- 
benzene hiiljilio'iie acid in hU.s})en:iion (Beriidsen 
a. Eiinprichl, A. 177, 101). 

7U -Diazo benzene Bulphouic acid 

j I’ll jarred by jui.-^sing nitrons acid 

j gas into a conciuitraled Bolu1i<-n of m aiiiido- 
i bcnzirne sulphunie acid, containing the free acid 
; in Husj-ension (Meyer a. Stiila r, A. Bio, Hi.'i ; 

I JJernd.s<!n, A. 177, HHj. Small lolnmus (from 
water). Very i-xjdosive when dry. V. sol. water 
and d<‘coini)osed by it at tiO Jtoiling HBr gives 
?a-bronio-benzeiie 8uli»bonic acid. Boiling alotP^ 
bol liiiH no action. 

VI ■ diazo - henzene. su lj>h >' mi de. u j trat6 
N(B.N.,.C.,H,.SO,,.KH,. Fron, C, ,11 .(Nil,) SO, NIT, 
by mixing with JINO, and })a;.siiig in nitrous 
; acid gas (Hybbcnetb, A. 221, 2Ub). Miuuto 
i mange mcdle.s. 

Diazo-beuzene tulpbonic acid 

C,,H,'^'^^*/. Formed by diazotising ;>-amido> 

benzene Biiljibonio acid (S<dirnilt, A. 120,144; 
Fii clier, il. Bin, 70). Small needles (from water). 

! Insid, cold wntir, v. sol. water at 00". Boiling 
' water fonns phenol p-HiiIj-honic acid. An alka- 
line solution give.s a red colour with aldehydes 
: (IVtri, 11. 8, 221; Zahn, B. 17, Itef. 220), but 
this is not a characteristic test lor aldehydes, AS 
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it i« giwn aJuo by many other bodies (E. Fischer, [ ® T. * ,tT i 

e, id, m ; 0. Ww. J. pr, [2; 31, ’ BaA's2fU].-PbA'.j3aq (Heinzelmanu a. /andcr^ 

' lUartums.- Ihtlinf) ah-M forms ben- ' i4. 108, 5). ^ , . 

«ene Kulphonio aci.l. 2. i'CI, at lOO" has no : Diaro-benzeae ;>tolTude is identical with 
action (l.iLiir, J. pr. ,'2 20, ; dia/.o-tohiene anilidf {q. v.). 

Kthfil o Diazo-benzoic acid, 

i’orrii-.l livr,nMhinin;'/>--Iia/o b‘ n/.fifsiili<!Mniic _ itraU N(>,.N.,.Cjr,.CO.H. By diazotisa- 
Hcl'l v.iih Iin . olotifini.f i-tliyl incn :ijiMii. tinn of o-arniilo-bL-n/oic acid .suspended in dilute 

Till- . Iiiirii lA'Sni fonn.s yllow ^di t<-niM>' ' li.N'Oj (Oric.ss, JJ. 0, ldd;j). Colourless tables or 
nei-<ll, , V, ..'d. v.a'f r. , It is v« ry undablf, readily iitisms. v. e. sol- water, m. .sol. alcohol. Explodes 
deee-nii'-. 1 / 1 / ev.dijfion oi nilr..;/<-n. When Svh.-n Iwatr d. Boilin',' water converts it into 
boiled with ale-diol it yi' Id.H ethyl iihenvl-sul- .salieylic acid. Repeated solution in water and 
phide /> iiilpbonio arid Cdl,.S.CJl,(SOjIl) ppn. witli alcohol convert.s it into the so-called 
(,Sta'll' r, 17. 21)7.7). ^ semi-nitrate: 

nn ti/de C, lI,(SO,ll(.N NMcC.,!!,. ! 

i'ormed by eoinbination of /- dia/.' -b ei/ene- | I ^CJl3.Ct)JI)IINOj (?). This 

Bulplionic mid with niMti.i ni.fliyl ;iniline in; 

nearly lu utral .ohitiori. 't he ; odium salt {Na.-V'j substance is al.so formed by pa-sshi;,' nitroii.s acid 
forms bir;:<> (;Ml.,in !e , { plaii- v. s<d. water, from |,'a.s into an alcoliolie solution of o-amido-ben/,oio 
whieb it i.’i precipitated in white f, Itril needb s acid ((tries.s, A. 117, d'.t ; Hand, A. 2;,{1, 
by alkali; leaily ifi.ml. aleobol. Not ath'-ted • Perhromiih'. C.ll ,N.d)JJr,. 

by builiii/ with dilute cau-tie .soda. A( id i ' /midi? N.,.C,JI,.CO._,lI. Triazo-hcn.wicaci(l, 

resoh'e It into it : e,, II titiieiit; p dia/'iben/eiif-- fllo j. From the perbroniide and ammonia 
hiilplioiiic acid .'Ki'l m* tliyl aniline, wbiidi wlieii ((irie.ss, Z, [2J 3, 105). Long needles. M. sol. 
the acid i't 'hliitn recombine to form methyl- : boiling water, 
iiinido lien/.ciie a/o lien.'.eiie Bulpbonio aciil : ?a-Diazo-ben2oic acid. 

('Jl,(S(),ll).N,.<;H,.Nli,Mc(B.rnthseua.Oo>lve, i Sulphate SO,ll.N,,.CJI,.COJI. Formed 
2 ii. '.' 2 t:). ^ : hy passing nitrous aeid gas into a tliin paste of 

P i/ll 1 1 'I i<l >' X..NC lf||i (Will- the .sulphate of m-amido-l/eiizoic acid; 2 d>d. by 

bitdi, .1. 2;»'), I'loiu sulplianilic acid by alcohol and ether. Long white laniime, v. e. 

(liii/,olisaiion and treatment with piperidine (I sid. water; detonates when heated. Treatment 

’"‘•■d and IS .N'aitll (1 mol.). ,Salt. - ■ with dilute alcohol give.s rises to a ‘basic 

NiiA': salmv plale.s. AgA'. Stable in neutral or sulphate’ C;ll,N..(),, i'll ,SO, (?), or moro pro- 
ulkiiline olulions. ^ | bahly { N,(Cjl 3 (;(.Uii’.; H,SO,. 

Inil,le (!J(,(S(),n).\.r'J [1:1’. I NO,.N,..Cjr,.(:0,I{ (Griess, A. 

. ' I I2t>). Its aqueous .solution left in contact 

I t hi \-h,'it rtw p-siitjitu'nh' (ii iil, Kormed by w ith BUX)^ forms carhoxy-hen/ene-a/.o-oxy- 
Ihe action ot phetivl hydi.i/.ine upon dia/.olieu- hen/.oic acid. With aqueous N'a.CO^ it forms an 
/.cue /» j;ulplioi,ie acid sii'^pemlc.l in c?)ld water; acid C., II,, N'/).. 

(lia/olu'ii.'.eiH' imid-. Hulidtanilic acid, ami ani- j 11 1'/ilroxidc HO.X,.G IL.CO.U. Unstable 

' ■ ’* ■ 'yellow oil. ‘ ‘ 

Chloride Cl.N,.C.,ir,.(*0,ir. Combina- 
(Cl N',.C„1 1, .('(>, Tl), I yellow jirisms. — 
(('lN\.C„IJ,.(X),dl)AuCl.,. This salt suspended in 
alcidiol and treated with 11 .S gives bmizoic acid, 
eh loro benzoic acul, and sul(divdro-benzoic acid, 
llS.C„lI,.COdt (Griess, J. pr. y2{ 1, 102). 

Per bromide Br^N.^.C„ll^.CuiL Oily pj). 
Converted by boiling alcohol into m hromo* 


lino, are lurmcd simultaneoiedv : 

/N.. 

2C,U.( i I 2t',H,Mi.N'lf..« 

^SO, 

U„U,(N,)SG,II C II.N, , (’,ll,|Nl!.)SO.II i- 
C„Ii,.NII.. Whili' dtdiqlj*‘scelll, needle.-;. V. g. 
sol. Iilcclmi and water. ►Sal!-;, BaA'..2aq; 
white ..;i\ .i.led plaf.s, m. sol. Imt water 
Pheu/i! Uy<i>o:inr r.olt (!, II .N If.A'aq; Imi- 
white 'dl.'.leliiiig pl;il. • 


, , ... . -"•'I- hot, water and bemmio acid (Griess, ^1. 135, 121; Cunze a. 

ul' oliol, le-.s m f!u. eold. m arly nisol. ether ami , pigp 

e ilytof.u-m ; deem ii-o d by alKali-e but not by , AV/i.y/ cf/ter; nitrate. XO,.N,.CJf,.CO Et. 

' <1 f ''-8). i I'ormed by dia/.oti.sing m-amido-benzoic ether 

^^Diaio-bouzoim disulphonic acid | dissolved in nitric acid (Griess, A. 120, 127).- 

C.dl.(SG,li). •>. Tl* salt.s are formed by ' Aurochloride (Cl.N.,.CJl,.CO,Et)AuCl,; 

golden prisms (from alcohol). 

h .u .V‘ il‘’'‘i!r?i vV.''' Amide; nitrate. NO 3 .N,.C„H,.C 0 XI 4 

tree ueid ^ii' im t I'l < / T'Otued by the action of nitrou.s aciil ga.s oil a 
KV (/.amler, .1. l'.>^ 2 1).-- ; .solution of 7/i amido-l)enzttmido in alcohol mixed 

n;.. J. 1 , • i ether (Griess, vf, 120, 127). Noodles. 

Cll is'rMM^ r .• . (Cl.N,.C.II,CON’n,)..PtCl.. 

,ol wiilordiM I'n' ■ 'i V ' ii ■ V. , [KiO I. Kroni till! porliromido ami NHj (Griess, 

M iuo) ' , : -Sf- 1 "-'T, liy). Thill laiiiiiii,.. V. .sol. alcohol 

Liltl of 'il.e* . , I '.'riii.-.ni} ih:,/otisii,« ami ,.|hor, m. sol. boiling water. Hy heating 

bits, if till ami.lo hen.nno disiilphomc acid . with IfG! It G i.../: -•® 

(Mem/.cuur.nn. .1. iss. iVi ; 100. 2*23) - KA' — 

BttA'. .'buj. I'eA'^iaq * ** 


Diuio-benzeuo disulphonic acid 
r diazolUing 


cbloro-amido-benzoic acids, (1, 3, 1) and (2, 3.1): 
N,,.C,H,.CO.Ut2IlCU 
H.N.C,.lt,.CO.H f CL + N»» 

I . U.N .G ,Gl.Cb,lI + lid + N, 

I (Griess, i). 10, 315). Salt.— N,.C,H*.CO^ 
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Anilide v, Duzo • bekzenb-avibo-bskzoic 

iCID. 

Bronw-anilidc r. Diazo-bromodenzene-amibo- 

OENZOIC ACII>. 

Nitrile. Nitrate NO,. N,.C,H,.CN. From 
w-aniido-LeJJZonitrilo (Grioss, B. 2, ‘MO). 
Explosive crysttil.=! ; ni. sul. cold WHter. - 
ferbromido llr,X..(',ir,.CN. Crvatals. — 
Imide ^'*7 j. Xt. edits, v. t=l. .'^ol. 

water. 

Diazo-benzoic acid. 

Nitrate X(),N\,.(’..lf,.COjr. Explo.Gve 
white pri.-in.s (Giir J. Im'. 1. I!.'*.')). 

Amide. -Nit rule. 

(Giie.ss, /. Ist'.i;, 1 ). 

Imide X,.C,li,.(.'G H. TiiiKoNv^nir acid. 

[Is5-j. Thill laitiiiKi (liiii s.-;, /. lst‘,7, l()l). 

^/2-Diazo-boiizoic-/i;-ami(lo- benzoic acid 
! 3 : 1 ] COJi.(Vn..N..NII.(vn,.Co 11 ; 
i’onnid by pa^'iii;' iiitiuus lu-id into an 

alcoholic sitliitidii of 7 ii-aijiiil() In a/oie acid, or 
by niixiii {4 a'lucuii.s solutions of y;Muiii«lo.lH-iizoic 
acid and the niti'atc of nodia/o-bcn/.oic ui-i.l 
(Giics.s - 1 . 117 , 2 ; Z. isdt, Gruie'o 

|.ti:un.s. J-ixplodos at iNO . .si. sol. wait r, 
alcohol, and ether. Sol. alKalis and r« j>p<l. by 
acids. It'dlinj-f IlCl forms m amido-lten/.oic acid 
and jn (dilurod.x'n.’oic acid. Uroniiin* wall r 
jjivc.s broino-, and tri brouio-, beincoic, acid, 
lloilin;.' water and iodine form iodo-o\y ben/oic 
acid. Nitioii'; acid p.a.i.scd into a bidlinj.^ a'lnenns 
eolulion I'oims nilro-o,\ydien/,oie aci<l ; nitrous 
acid pas'S'd into a b'oliii;' aicoltolic solution 
forms iH'o/oic aeid. I'uming ll.NG, (^ives tri- 
nitrooiw-beiiznie a<'id. 

Salt's.- (Ml,) A". K A".- A-.A". 

Mi. t h ,./ 1 eth i- r .M.-.A". ICO Vellow nc( dies. 

Ethill it hi r lil.\". 'ill ;. Golden ncedb-3. 

2 )-Diazo-beiuoic-/'-umido. benzoic acid 
[4:11 CO.I l.(’„I I ,.N,,..\ 1 1.( ’,1 1 ,.( 0. 1 1 ; 1 : 1 '. Oranee 
powdi r, V. >d. sid. boiling: alcohol, l•'olmed liy 
passing' nitrous acid j'.as int.) an aleoholic .‘Solu- 
tion of /I atnidodienzoic aciil (ncilstein a. Wil- 
brand, A. 2(111). 

?n-Diazo-bcnzoic-p amido-bcnzoic acid 
(Ihi, 

the nitrate: of 7U-diazo b- n/.oie, aeid and /< aJuido- 
ben/oicaeid |Giie;-s, ,/. l.sCd, .■l.i.'!). An isomeiic 
(?) acid is ; .d. from the Jiitrate ,>{ ,(y-dia::o- 
bcn/.oic acid and n.'-ainidri-ben/.uic acid. 

7/i.Diazo-bromo-bonzenc. 

J’erh) amide C„n,llr..N dJr, (\Vurst< r, A. 
17C, 172). 

;?-Diazo-bromo-benzenc. 

Nitrate C..lI,15r.X^.NO,. Formed by pass 
ing nitrons aeid g;is into an aipieou.s soliiliou of 
p-biomo-aniline nitrate ((ine-s, TV. 18CI, iii. 
(i'Jo). rpd. bv aicoiioi find rtlnr. 

Jl;/dro.ri'le C, H,l:r.N\.( )I1 : brij'lit ywllow 
needles. Vcrye.\j)losivc. - C,,H ,]lr.X._.OK. Fromtlin 
nitrateand stronj,' KOll ; gi .< - the pret cdiim' body 
when treat' d witli acetic acid. - Cjl,lir.N ( >Ag. 

Br omidr CftllJ'ir N .iJr : sioiles; v. sol. water, 
m. sol. al<;oiiol,in.‘-'ol. ether. (C„ff ,]lr.XJJr) J'tJ'r,. 

I'crb 10)11 ide C,.II,Fr.N .Hr, ; monoclinic 
pri.sins (from alcohol), v. si. sol. ether, in.sol. 
water. 

C/t/oridc CJI.Ilr.NVCl : from the bromide 
md moist silver chloride,— (CJljlir.N ^CljAuCl,. — 
(CJl^Br.NClidHCl.. 

tSulifhate C^U^Dr.N^.SOjH: slender prisrai. 


Intide Triaio-brofno'hemen^ 

[ 20 ®j. Insol. water, m. sol. alcohol, v. sol. ether 
and benzene. IlcdueeJ by Zn and to 

bromo-aniline and Nil,. 

C)ia n ide OJ 1 .Itr.N^N I IGN. ri 2H ]. From 
p-dia/o-broino-bcn/.cnc nitrate find n»]Ui luis KCN 
(thibricl, B. 12, Ifi.i.-^). 

Auitiiie (''Jl,|{r.X..,Nl!.('', fl., or, alterFin- 
tively (^11 ..N .Nil.G.lIjHr. 1 oiieeil cither from 
dia/.o beii.u no nitiiite and y bromo aiiilinc iw 
fruin />-di;i.’.o-bromo-hcn;',« n. nitrate and aniline 
piriis.'J, B. 7, Ibis). Yellow pl.-ifes ; \. c. .sol, 
ether, m. sol. alcohol. ((\ N ,1 IC') I’tf’i,. 

p- Bro}iio-ii it ide C’„J1 ,l!r.N .N 1 1.(’, H Jtr. 
[ll'i '. (Ibtaimd from ji-broino-anilinc.-- 
(G,.H,.!;r>h.),H.I't(:l... 

Diazo di-brom (-bonzciic. 

-V/7/17 /c (\ H,lh-..N' ..NO, f2: l:lh Oldaineil 
by p.i^-.-dn;.: nitrous acid into an aipiemjH solution 
of the niirjite of di brmiiieaniliuo (Griesa, TV. 
LSbl, iii. T(M). -Needles or j'l;iti ;n 

I’lati »oi-h lor ide {(’„ll,l>i\..N’ d.'l)d'tCl 4 : 
oraii;;e plates. 

J‘er(>ro»i iih(\ H.,l5r. ..N I?r., : slender needles. 

Imi.le C„ll,nr^.‘N,,'. |i;2‘ J iieedle.s. 

]> I - /. ro mo o )i i I id e 

G Il .l:r...N .MlCJlJlr . I Mbs ]. From (2,1, 1)- 
di liioino aniline. Golden necdli:-, v. bl. aul. 
aleoli.d and < tln r. 

Diazo-lri bromo benzene. 

Nitrate (.’J IdhvN'v.NG, [2:4:0:11. Formed 
when a raj >';<} eurieiit of nitrous aeid ;.-!is is passed 
into .'tleoliol containing tri Inonio-anilini! in stis- 
]>| 11 iotl t"/« tiler with excess of HN'l),^. As 
soon as r\i I Uhing is <lissolv< d, ellu r is added 
and a Inij-dit yellow crvitaliine pji. of the dia/.o- 
niliate i.s foriiied (II. tSilbiThlein, i/. (>r. [2] 27^ 
102 1 . 

Yellow irimi trie {ilatcs. l'’.xp]oites 
: at Sol. wfiter and llt’l. V. si. sol. alcohol, 

' ct 111 I , find lienr.eiie. 

ii’i'Hi tiiais. ■ 1. Foiled with a}< i>Joil it gives 
tri-bioino lieii/.cno, N.., UNO., and iildeliyde. - 

2. Hi'iled with 7/'<//cr, givc.s off no ni I logen but 
furnis limb termiiied compounds. 2. Jh ated 
widi glacial acetic aeitl gives olT N.j, and nitrous 

; fiiiJM find b-fives tri-bronioda*nzene. I. ilralod 
with fjca.i nc ( I jtf s.) it decoinpo. e,- at Id ' forming 
a diii/o di-bron.o phenol p/. r.), felia bromo- 
b.-n/eiif* ;1(.S |,and liitrobeil/eiie. ~ .d. Heated with 
fTKd, it gives dia/.o <li broiii ) idn iiol ami tetra, 
bi onio ben/i lie. (i. Heated with <'oneenl.rat«td 
HCI it fiirnis cryi tals of lli.- pe//./(m/o/e of diaao* 
tii biiiino- hi n/.eiio chloride, C,.H .1 'rt.N'ddIJry, 
I'robablv rdilorili', lilar.-iled in lliis reaetj^n, 
in.n.s out bromine fronifome of tbe tri inomo- 
cnoipoun.], wbict* bromine tlnm imilcs with 
the lii.-i/o chloride. T he iierbromido explodes 
fit 1(»()', foiming cliioro tri bronio benzeno.-- 
7. With Hl!r it idvc:- tlio bromide (if. v.).- - 
H. With HI it gives tri-.uomo indo-b( nzcnc. 

S nljih ate (VH,Hr,NV..St ),H. 

/V.i/ ez/o .'.'.--rolourless Jil'i'- JllB. Hol. Wtttcr, 
f-I. .sol. fjerdiol, iij:-o|. etlier and benzeiip. 

Itiiiidions. — 1. D' coiiijio: ed hyntruhol intotri* 
bromo-benzene, iJ .SO, and N.^,. 2, Foiled with 

acidulated v oter it forms no tri-bromo phenol.— « 

3. Heated with glacial acitic arid it forms tri- 
broiiio-bfcnzcnc.— 4. Not alTectcd by boiling bii^ 
zcae. 

Bromide C.HJir,NJ5r. Small aoldcn tri* 



, jiailnta fiBr ib i 

\\*^Vn\ft^,ftna C.H,Brv Bl wl vato. msol 
alcohol and ether. Healed with glacial acetic 
acid it gives nnsymnietrical CJI^Br^. 

Perbromide CJIJlr,N,J]r,. Formed by 
adding cone. IIMr to a Boliition of the nitrate, 
C H.Hr.N^NO,; Hie liiiuid is filtered from 
C.If Jlr.Niir and evaporated to crystallisation. 
It forms ora n;'e prisms and behaves very much 
likeC,HJSr,N,01Hr.,(v.t).). 

Ohio r it -perbromide CJ I .Br,N;{Cl.Brj. 

From tri-bromo dia/.o-bonzene nitrate (q.v.) and 
UCl. It explodes at 100^ forming chloro-tri- 
bromo-ben/.eno. licaclio)is,~ 1. With NHj gives 
tri-brorno'diazo-benzeno iniido {q.v.). — 2. With 
alcoholic dimi'thijlaniline forms tri-bromo-ben- 
zene azO'dinu.'lhylaniliiifl C^IIJlr,.N,,.C,H,NMo« 
3. With alcoholic viellnjl-di-phenylamine it 
fonns tri-bromo-nenzene nzo-mothyl-di-phenyl- 
arnino CJ I.,Br, N,.CJ 1 ,N Me I'h . -4. With mercuric 
difihnujl it forjjH chloro tri-bromo-benzono and 
nitrogen (Silberstein, J. pr. [2] 27, 117). 

Imide CJIJtrj.N,. friO"*). Formed by adding 
dilute ammonia to C,,H.Br,N.ClHr._,. Colour- 
less neeilb'H. May bu distilh'd with Btcam. 
Insol. water, .sol. svann alcohol, ether, and Cl ICl,. 
Unlike dia/.o bonzetic-imido, it is not reduced by 
/ii and H.SO^ to Nil, and trt>bromo<anilino 
(SilbeiMteini J,pr. f2] 27. llfi). 

Anilide CJl J.Jr,N.,NIU*h. [101°]. From 
alcoholic aiiilino (2 inol.s.) and C,JlJlrjN.NO, 
11 mol ). Thf? pp. is cry.stallised from alcohol 
{8ilbeist«'in, J.pr. [2] 27, 121). Yellow, glitter- . 
ing, tru liiiic jirisms. Insol. water, sol. hot alco- 
hoi, ether, and benzene. Boiled with glacial acetic 
acid it gives nitrogen ami tri-bromo-aniline. | 

Tri-broino-anilidc 

CJI.Jlr„.N.HNIl.C,JI.Jirj. Obtained by passing 

N, 0, shuvly into a cold alcoholio solution of tri- j 
bromanilino. Some OJI .Bri,N.iNO.i is formed nt j 
the same time. 'J’ho product is washed with 
water and hot alcohol and cry.stulli.seJ from 
benzene. The yield is bud (Silberstein, J. pr 
[21 27, 120). Insol. water and alcohol, v. si. sol. 
ether. V. sol. (.TlCl, and benzene. Not attaekod 
by cold acids, but decomposed by boiling with 
acids wiUi evolution of Nj. 

Dlaio-jj-bromo-Dcniene-araido-benzoic acid 
ChH,Br.N.j.N 1 1.Cyl I ,.CO J I. Dia . o-brn co/c acid 
P'hroiiio-anilidc. I'Toni p-diaz<)-bromo- benzene 
nitrate and m-Bmido-henzoio acid (Griess, /, 
IHCC, 45.3). Clusters of needles. 

Biaao-bromo-bonzene solphonio acid 

[< j]. Frtmi the corrc.sponding 
bromo nmido-siilphonio acid (Borns, A. 1B7, 
871). Small yellow needles, v. sol. water, m. 
sol alcohol ; explodes when struck or when 
heated. llenUni with alcohol, it gives ?n-bromo- 
Mnaenn sul phonic acid. Cone. HBr gives 

O. H^r.(SOJi) [4:1:2]. 

Biaao-bromo-benaena disolphonio acid 

OA(NU,)(SO.H)^t ri;4:6:a]. Minute 
i V. 8ol. water and lUcohol. Does not 
when struck (Zander, A. 198, 15).- 








[1:2:6:4]. Yellowish scales; explodes 
100°. V. si. sol. cold water, v. sol. hot water> 
Boiling water gives di-bromo-phenol sulphonie 
acid. Heated with alcohol it gives di-bromo* 
benzene sulphonic acid. 

Biaao - di - bromo-benzene-solpbonio-aoid- di» 
bromo-snlphanilide 

C„H,JJt.JSO,H).N,,.NH.C«H,Br.,(SO,H). 
[70°-80°j. From C«HJ3r.,(NHJSO,H [2:4:l;6j 
by warming with alcohol and KNO» Needles 
(from water). Insol. alcohol (Baessmann, A 
191, 229). 

Biazo-di-bromo-benzene-disulphonio acid 
0,nBr,(SOJlX^='>. From the nitro-ben- 

zenc diaulphonic acid [1;.3:.5] ? whose chloride 
melts at 90°, by reduction, bromination. &nd 
diazotisation (Heinzelinann, A. 188, 183).* 

Biazo-tri-bromo-benzene sulphonic acid 
CJIBr,<;;^^*^. From tri - bromo - aniline, 

Cjjir.JNHJBr, [1:3:4;5] by sulphonation and 
diazotisation (Spiegolbcrg, A. 197, 291). Minute 
needles. 

Biazo-tetra-bromo-benzene p-snlphonic acid 
C„Br 4 <^^*^. Crystalline powder not decom- 
posed by boiling alcohol (Bockurts, A. 131, 225). 

Diazo-bromo-nitro-toluene sulphonic acid 
CJIMcBr(NOJ<|[j^^ Formed by projecting 

f7t-broino-;)-amido-toluene o-.sulphoriic acid into 
fuming UNO, (Weekwarth, A. 172, 203). 

Biazo-di-bromo-nitro-toluene sulphonic acid 

CJlr^Mc(NOJ<^JJjf Fonnod by i>rojecting 

di-bromo-o-amido-tolueno p-sulphonio acid into 
fuming UNO, (Jlayduek, A. 174, 355). 

Biazo-di-bromo-phenol 

C.lI,Ur,<9 [0;N, = l;2]. 

iVt’/jarafmn. -Bromine water is added to 
an aqueous solution of o-diazo-phenol chloride 
and the pp. is dissolved in fuming HCl, filtered 
through asbestos and ppd. by water. 

ProjH'rtics. ~ - Orange crystalline powder, much 
le.ss stable than the p- compound. Wlien heated 
it explodes at 128°. It is more soluble in cold 
water than tho p- compound ; on warming the 
solution a rosin is formed. The solution gives 
an amorphous grey pp. with silver nitrate. It 
is almost insoluble in alcohol, ether and CSj,, 
but readily dissolves in CIICl,, hot benzene, and 
benzoline. It does not reduce Fehliiig’s solu- 
tion, nor form a crystalline body with NuHSOa* 
C„H..l3r.JOII)NJlrlJaq : decomposed by water* 

Klhijl,cihcr^ nitrate of. 

CjH Jlrj(OEt).NjNO,. Got by passing N,Oj into 
alcohol containing HNO, and di-bromo-o-araido- 
phenetol in suspension, and pouring it into dry 
ether at 0°. Properties. —Prisms. Explodes at 
102°. If ils alcoholic solution be dilated 
with water (10 vols.) and boiled as long as N* 
escapes, it is converted into di-bromo-phenetol, , 
bromine being replaced by hydrogen, not by. 
hydroxyl (Mdhlau a. Oohmiohen, J, nr. {23 81 
482 ). 



«(ia>i<J^>. tftH.-iio. 

Tormation,-^!. Obtained b^ adding bro- 
ttina water to an aqueous solution of any salt 
of JO • diazo-phenol : C„H^(0H)N^C1 + ‘213r^» 

C«H,Br,<^^ + HCl + allBr.— 2. From EDr and 

dtazophenol nitrate {q. v.). 

Pn^rties. — A llocculent yellow pp. re- 
sembling sulphide of arsonio. Dissolves in 
boiling water, without decomposition, and 
crystallises in yellow prisms as the solution 
cools. Almost insoluble in cold water, ether, 
and CS,, somewhat more soluble in CHCl,. 
Soluble in alcohol and in amyl alcohol. May 
be kept for months in closed bottles in the dark, 
but, when exposed to air and light, it soon turns 
brown. Heated to 137*^ it explodes. 

4ialts.-^ Unstable, decomposed by water 
and By alcohol. C,H.Br,(OH)N..Br,aq. — 
|C,H,Br,(OH)N,Br},rtCl,:* triolinic plates, 
decomposed by water. — C^H,Brj(0H)NjS04H 
(B6hmer. pr. 132, -l/JS). 

Peactions. — 1. Boiled with water of which 
the boiling-point, by addition of calcic chloride, 
has been raised to 120°, it gives off nitrogen 
and forms di-bromo-hydroquinone ; 

C.H,Br,<g^ + H,0 - + N, 

(BOhmer, J. pr. 132, 464).— 2. Dissolves in a 
hot solution of Nall SO, ; and as the solution 
cools, ycllowneedlos of C„H.jBro(OH)NoSO,Na2aq 
are formed. Theso crystals dissolve in ether, 
benzene and CH.^ ; do not explode when heated ; 
show Lieberniann’s reaction; do not reduce 
Fehling’s solution ; and give with BaCl^ golden 
scales of {CJi.,Br,(OII)N,SO,}jBar)a(i.-3. He- 
duced by Sn and' HCl to di-bromo-p-amido- 
phenol. 

Diazo • di • bromo - phenol. (?) Identical with 
the preceding diazo-di-brorao-phenol just de- 
scribed may bo converted into this isomeride 
by first reducing it to dibromo-p-amido-phenol 
hydrochloride and again diazotising. 

Propcrfie5.- Explodes at 146°, has a greyish- 
yellow colour, is insoluble in water. Crystallises 
from alcohol in much thinner needles than the 
preceding. With Nall SO, it forms :,mall plates, 
whereas the sulphonato of its parent-isomeride 
crystallises in needles (Bohmer, J.pr. 132,471). 

Diafo-di-bromO'phenol 

0.*H,Br,<Q»>. [Br;Br:N:O-l:5;0:3J. Formed 

by heating tri-bromo-diazo-benzeno nitrate with 
benzene at 46° (Silberstein, J. pr. [2] 27, 107). 

Properties. — Oblique prisms, from water. 
Orystailiscs from alcohol. Explodes at 142°. 
Soluble in hot alcohol. Nearly insoluble, in 
^loroform and ether. 

Salts.- These are very unstable ; they are 
formed by warming with rather strong solutions 
)f acids, but are saponified by water. 

Reactions.~l. Not attacked by boiling waUr. 
h Heated with strong IIBr forma; tri-brorao- 
>henol and N,.— 3. Reduced by Sn and HCl to 
|yi-broiiio-amido-phcnol and NH,. 

Co?wfif«fton.— The hydrochloride of the di 
iicmo-amido- phenol obtained by reduction, gives 
Ishth^li*! reaction npon the gradual addition of 
yfa#ti!t«wp powder, viz.: a violet colour 


jhDowidf W « lAifei pfe, Ai fUi HsoHoft k 
dkartoteuno ol jp-aii^-pliandli, Uiia bodj 
most be di-bromo^-amido-phenol, and since it 
is formed from O^HjlNHJBri [1:2:4:63 its con* 
stitution is as given above. It appMrs to be 
different from Bdhmer’s compound, exploding 
at 137‘=‘. 

Biato-tri-bromo-phenol. 

Ethyl ether, nitTAto of. 
C,HBr,(OEt)N,NO,[OEt:N., - 1;2J. Triolinic 
plates, prepared % bromi nation of o-diazo- 
phcnetol. Does not explode when struck. In 
melting-point tubes it explodes at 22°. It is 
decomposed by boiling water into tri-bromo* 
phenetol, the N.^NO, being displaced by H, not 
by OH (Mdhlau a. Oehmichen, J. pr. 132, 484): 

20„UBr,(0Et)N..N0, + 211 0 » 
2C,HBr,(OEt)ll + 2N, + 0,4 2UNO,. 

Biazo-brome-toluene lulphouio acids 

CH,.0,.H,.Br<^y^ Five are known : 

p-diazo-m- bromo -toluene o-snlphonie aeld 
(Wcokwarth. A. 172, 126). Rod orystals. Heated 
with alcohol under pressure it gives bromo* 
toluene sulpbonic acid. 

p-diazo - bromo - toluene m-iulphonio aeld 
(Peohmann, A. 173, 211). Heated with aloohol 
under pressure it gives bromo-toluone m-sul- 
phonic acid. 

diazo-o-bromo-tolnena m-iulphonie aeid 
(Schiifer, A. 174, 360). 

diaso-p-bromo-toluene »n-sulphonio aeid (S.). 

diazo-p-bromo-tolncne o-inlphonie aeld (S.). 

o*Diazo di-biomo-toluon6 p-salphonio aoid 
(Hayduck, A. 174, 352). 

Diazo-camphor v. Camphob. 

Diazo-p-chloro-benzene [1:4] C,H,C1.N,.0H. 
Yellow explosive powder, ppd. from its salts by 
IlOAc. Salts.— 0„H4Ci.Nj.N0,: white plates.— 
CJI,Cl.N,Br, : yellow priHms.—C,H4Cl.N,.— 
(C,K,ClN,Cl),PtCl4 (Grioss, Tr. 1804, iii. 706). 

Anilide v. Diazo-bonzeno p-chloro-anilide, ^ 

p- Chloro-anilide C„n4Cl.Ni,.NH.0gH40l 
[125°J. 

Diaso-di-ohloro-benzene. 

Salts.— C,H,C1,.N,N0,. — C,H,Cl,.N,Br,.— 
(CJI,Cl,.N,Cl)2PtCl4 (G.). 

Di-c hloro-anilide C JIjClj.N^.NII.O.IIjOlf 
[127 ']. Needles, v. si. sol. alcohol and ether. 

Diazo-ebloro-nitro'phenol 

C,H,Cl(NOj) From chloro-nitro-amido* 

phenol (Griess, A. 113, 216). Brownieh-zed 
columns (from alcohol). 

Diazo-di-ohloro-phvnol Frdiil' 

CJI,(0U)C1,,{NIL) [l:3:5:2j (Schmitt a. Gluts;" 
1). 2, 62). Brown flocculent powder. 

Biazo-trl-ohloro-phenol G,nCl,<;Q’^. From 

tri-cliloro-p-amido-phenol (Lamport, J. pr. W 
33, 375). Golden needles, explodes at 137®. SL 
sol. hot alcohol or benzene, insol. ether. 

Heactions. — 1. Boiling alcohol gives a tri* 
chloro-phenol [640 (253 ').— 2. Cone. Na,80«Aq; 
forms C,HCl,(ONa).N,SO,Na, of which thb 
acid 0jH0i,(0H).Nj.80,H, explodes at 200®, and 
forms an orange crystalline barium salt— 8* HI 
forms C,HCl,I.OH. 

Diaso-ehloro-thymol oblorlde 
0,HCIMePrfOH).N.OL Bv the aetion of W-A- ^ 
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ft eoJd ftl«oholie lolatton of liydraobloride of 
ehlor0'ami(io4hyniol (Andreflen, J. pr* 191, 180). 
Procijpitatod by ether. Colourless needles, often 
grouped in fans. 

O'Dittzo-cinnamic Bcid. From amido-cinna- 
mio uciil (10 ptH.), IlCI (9 ptH. of S.G. 1’19), 
water (70 ptn.), and NaNO.^. The chloride 
sepaniLcs an a yellow powder (Fischer a. Kuzcl, 
IS, 11. 47H; A. 921, 272). The nitrate 
C,il,(N,NOJ.(.‘ll:C'll.QUI forms clear prisms. 
Ilotli Hulf-.i may be boiled with potu.sh without 
j'iviiif.; olf but they aro decomposed by 

boili/i;^' water, forming' o-coumaric acid. With 
Na.StJ, they form CJl,(.V,SOjNa).CH:CH.C(J,ir, 
whence, bv ri;du»;in^' with zinc and llCl, 
CJI,(Nll.MI.S(VNu).CII:CII.CO,H. The hitter 
forms Kleiuler needles. It reducc.s Ilf'O in 
the cold, and Feb ling’s solution. IlCl in the 
fluid converts it into hydrazido cinnamic acid 
({/. y.). 

7>-Dia20.cinnaraio acid. The chloride 
O..II.(N:N.<'l).('ll:(;iI.C(J^lI is prepared by tho 
action of NuN'Oj on p amido-cinnamic acid 
suspended in ilCI ((iaiuiel, li. lo, 2;i00). Long 
nwdlcH (containing aq). .M. sol. water. Can be 
dried at a gentle heat w.thout decomposition. 

7;.Diaso-croiol Formed by 

diazotising C,.lI,Me(Nir)(()H) [1:.3:41 (Wagner. 

B. 7. 1270) (MeCJl,(UlI)N,Cl),FtCl,: powder 

m. sol. waler, 

Oiato <)^-oumene-iulphite. 

Halt. CJL(Cigj.N,.80,Na[l:3:1:CJ. Trans- 
parent prisms (cuntainii g 2] aq). Not explosive 
(Haller, Ji. IH. 90). 

I)iazo-i/««cunien6«oamido. Diazoamuktcumcne, 
(1:3:4:11) CJI,.Mo,.N:N.NlI.C«ll..Mo, [6:1:3:1\ 
[13rj. Formed by tho combination of diazo-’ 
cumene with euniidine (NOlting a. Hitumann,7jf. 

IH, 1117). Vellow table.s (from ether). V. sol* 

benzene, ether, and acetone, m. sol. alcohol. 

Diazo •cuminic-amido-cuminic acid 
lh.CJMa),ll).N,NM.(UI,.l’r.C(),lI. Formed 

by passing mti ous acid into an aleoholic solution 
of rimido-enmiuic acid at 0 >. Minute prisms or 
ieatlets (tuuss, ,1. 117,02). * 

Dimo (!thaHo.ulphitooiir..N..SO,II. Viaso. 

ctlmne suljAionir .letd. 

Salt.- IvA . I'oniH',! by tlio action of II-O 

!’"it vii VN o . ''J'''''™- >l"ivalivo ^ 

(yI,.NH,Ml..Si>,K (I'lscher, .1. Ijgi i 

Lt i i‘r ■’ ''* '*■ '? wi.ei; 

lieattd. Deeunytosed by boiling aeids, N.. and ! 
HJj oonung ofT. Uediiced by zino-dust and '• 

acetic acid to ('.H..Nn.NdH.SO,K. | 

Diazo-othoxane C,II,.b-N,’-O.C.lL f?\ 

VI . 102 (eale. 108). Prepared by tile action 

II, Ib.iOh xNt iitral hqm.h Exceedingly ex- i 
pioMui. ls dei om,msed by water with production ■ 

-N t C’lIvCOIl4-(.UT,()H ,jV.o.‘ V tin and ' 

icSn-;! = ' 

o-Biazo-hemipio acid* 
O.H(OM.-),(C041)<^^>0. 

di-}netho.ry^ 

‘lie «ctio» of uilroua 
o-.mul«-h.iminc acid. Yellow mioro- 
SI.'iIj'”’’ ®*- •“I- onlinary aolvents. 

■ijlodM OD peiouaaioo « whan heat*l to 


140M50^. baniSpic iicSdk ha 

boiUng with ftlcohoL 

Hydrochloride OaH(OMe)a(COjH)yN,CIftq: 
long colourless needles. 

The sulphate forms small prisms (Qriine. 

B. 19, 2302). 

Biazo-hippnrio acid. 

The nitrate CO,H.CH,.NH.CO.C„H,.N3.NO, 
is fonned by diazoti.sing the nitrate of w-amido- 
hippuric acid (Griess, Z. 18C7, 105).— Per. 
bromide C„HgNOs.N,JBr, : yellow prisms. 
Iviide C„H„NO^.Nj: tables or needles. 

Diazo-leucaniline v. Ilexa-azo-tri-phenyl. 
methane {infra). 

p-Diazo-iodo-benzene C,.II J.N.OII : yellow pp 

Salt 3.-fC,II J.N,Cl),rtCl C,U,I. xV,N03:-1 

C, .IIJ.N.^SO,fl: small plates, v. sol. water, si. 
sol. alcohol. - C„H,I.N.,I3r,. — Jwu'rfe CJii.N, 
(Griess. Tr. 1804, iii. 700). 

(a) Diazo-naphthalene (Griess, J.lSGj^^O), 
N itrate C,„H..No.NOj i forniod by diazotising 
a-iiaphthylaiiiino nitrate. •— Per bromide 
C,oII;,N.^Br., : orange cryslals.- PZnfino- 
c/t/orti/c(C,JI,.N.,Cl).,PtCl,.- /wu'dcC,oH..N3: 
yellowish oil (cf. Fischer, A. 232, 212). 

A solution of tho chloride neutralised by 
Na-^COj gives a brown pp. Tart of this dissolves 
in alkalis and appears to bo C,„H,NO. the rest 
18 ppd. as minute crystals by adding alcohol 
to its benzene solution. Analysis indicates 
Iloth form crimson solutions in 
alcoliol, etlior, benzene, and glacial acetic acid 
(P. F. Frankland, C. J. 37, 750). 

(^) -Diazo-naphthalene. Obtained by diazo- 
tising (^)*naphthylamino (Lit-beriminn a. Palm, 
A. 183, 207). The sulphate forms pale yellow 
needles, and tho perbromidc orange needles. 

(C,oH,.N. 3.C1 )Cu.jC 1./ : very unstable yellow 
pp. which is formed on adding Cu.CI.^ to a cold 
solution of ^-diazo - naphthalene - chloride. 
(C,„U,.N3.Br)Cu,3Br3 : red pp. ; on boiling with 
water it evolves nitrogen yielding (i8).bromo- 
naphthalene (Lellmann, IS. 19, 810). 

(a) - Diazo - naphthalene - (a) . naphthylaxnide. 
[lOO^J. Formed by action of nitrous aoid on 
(al-naphtliylamine, or by ppg. a solution of 
(a)-diazo-naphthnlene chloride with (oj-naph- 
thylamine. Brown laminra (from alcohol). 
Acids resolve it into naphthylamine and diazo- 
naiilithalene (Martius, Z. [2] 2, 137). 

(a) -Diazo-naphthalene zulphonio acid 
✓'N’N'v 

[1:4], Got bypassing nitrous 
acid gas into (o)-Daphthylamine sulphonic acid 
(formed by sulphonating (a)-naphthylamine) 
suspended in water (Cleve, Bl. [2] 2(>, 241 ; Novile 
37, 632). Powder, nearly in- 
soluble in cold water. Boiling water converts it 
in» a crimson dye, forming very little naphthol 
sulimonic acid. Heated with dilute H,SO. (<t)- 
naphthol ji-sulphonic acid is formed. By heat- 
ing with strong Hj.SO„ or with water at 1G0\ 

(tt) -naphthol is produced. Dilute HNO, (7 to 
lup.o. HNO,) forma di-nitro-naphtliol, [138«1. 
Cone. HCF forms a chloro-naphthalene aul- 
phonic acid, whence PCI, forma diohloro- 
iiaphthalene [C8°J. w-iuxw 


Imidt C„H.(SO,H).N<g [1:4]. 

'd^wo-n^hOuiUnt-p-tulplumitaeid. FmiMd 
oy the action of phenyBhydrasine npoii tbft 



IMalpHoiiio add, and aniline aie •ituol- 




toneoiuly: 2G, 


10, 


+ 2C.H,NaNH,- 


+ Ci.H.(NHJSO.H + 

CLH^.NH2. White needles. V. sol. water and 
alcohol. 

Salt.— BaA',: white silvery plate.<i, v. si. sol. 

Phenyl, hydrazine salt 


JIfUraU 

(Qnof*, Tr. 1864, i 







C.H,(NOJ.N^' [62 ]. 
p Diaio.nitio.be&tene. Formed by diaso- 
tisinpt p-nitro-anilino. 

Nitrate C.H,(NOJ.a\...NO,:glcndorneodlei, 

Gives no pp. with PtCl,. 

Imide C*H,(NO.).N,. [71 1. 

t thyl.tolnide 


rHMTTA”V BftH! m-maio-nitro-beuienp 

y^HjWjU.A . long plates; v. sol. alcohol, nearly [3:11 C H.INO \ \ V\7'\r .7rn rirra, 

uisol. ether and chloroform (Grioss. B. 20 , im). | From m.dia»:„i,ro“ben'., " • ^ 


(a).l>iazo>naphthaleue lulphonio acid 

[1 : 1' or I*]. Similarly prepared 

from the product of the reduction of (a)-nitro- 
(^-naphthalcne sulphonio acid formed by buI- 
phonating nitro-najdithalene (ClcH-e, Bl [2] 24, 
612). ^ Yellow crystalline powder. Boiling water 
givcB [il-naphthol (a).Bulphonic acid. 
(/})-Diaco>naphthalene sulphonio acid 

'* Microcrystalline powder. 




, , . .. --..... no chloride and ethyl. 

n-tolmdine (G,n4i«or, Bl. [2] 12..) 12). llesolved 
by dilute HCl into its generators. 

pDiaio-nitro-beniene-p-ethyl-toluida 
[4:1]C.H,(N0J -aNa-NEt.C„H,Me(l;41. [lOS'’]. 
lellow iioetlles (GaBliger, BL [2] -12, 312). Ho. 
solved by HCl into p*diazo-uitro- benzene chloride 
and etliyl-p-toluidino, 

m>Diaio.nitro-benzene-m-nitro-anilide 
[3.1J aiI,(NO,).N.^..NH.C„JI.(NOJ [ 1:3J. 


. [106®]. 

\riVrDr...«cioii;«« 1 f ^ action of nitrous acid (1 niol.) on 

M.crocrystalhne powder. | m-nitro aniline (2 inols.). .S, nail rod 'prisms', v" 
Formed by diazotising (^).naphtliylamine sul. i s'- sob alcohol (Griess, J. 12J, 272; .Meldola a. 
phonic acid (formed by sulplionating (8)-naph. ■ *y*'‘‘atfeild, G. J. 51, 107). IiiBol. hot aquooua 
thylamino). By boiling w’ith HCl, converting but the |)otas.sium salt s( ])aratt>s as brown 

into the K salt and beating with PCI, it yields ^ «‘>l«>tion in alcoholie KOH. Cold 

chloro-naphthnlene-sulphonio chloride [122 ] 

(Forsling, B. 19, 1715). 

(8)*l)iazo.naphthalene sulphonio acid 

Formed by diazotiaing (?8,8J- 
naphthylamino suliihonic acid, itself got by , w, , , 

the action of aNH, upon tSclmffer’s (8)-napIitbol ^;V - 

sulphonio acid at 180^ Minute crystals. Con- ' j- »»• koI. boiling alcohol. Possesses 

verted by treatment with cuprous chloride into decoinp<*Hing Na,CO,. 

(/3) chloro naphthalene sulphonio acid, whoso ^ alcoholic IvUH or boiling iKineous KOH 
chloride ineltn at. lino on,i K« ri;oi:ii„< ...j.u i a magenta colounjd solution of the pot,as. 


tlnl * • ... C.OIU 

gives ni-nitro-aniline and ;n-diazo.nitro* 
benzene chloride. 

p-Diazo-nitro-benzeno-p-nitro-anillde 
[4:1] CJi,(XO.).N...NH.CJI,(aNO.J |1:4]. [223*1, 
Formed by the action of nitrous acid (1 mol.) on 
7>-ni(ro-aniline (2 mols.) (Gries.s, A. 121, 271; 
Meldola a. Slreutfeibl, C. J. 49, (*>24). Small 


chloride melts at 110*, and, by distillation with 
PClj is converted into («)-di-chIoro-naphthalene, 
[136°] (Forsling, B. 20, 80). 

Tetrazo-dinaphthyl HO.N,.C,„H,.C, JI,,.N,OJI. 
Fonned by diazotising naphthidine. It gives 
violet dye-stuUs when combined with the sul- 
phonio acids of (/3)-naplithol. By boiling with 
alcohol it yield.s (oo)-dinaphthyl. 

Salts.— SO/ : yellowish plates.— 
(®«iH,2N^Cl.^)PtCl| ; sparingly soluble yellow 
needles (Nietzki a. Goll, B. 18, 3250). 

Diazo-nitro-benzaldoxim chloride 

C,H,(x\0,)(N:NCl)(CH:NOH) [3:4:1]. Formed 
by the action of amyl nitrite and HCl on (3:4:1). 
nitro-amido-phenyl-acetio acid (Gabriel, B. in, 
837). Plates or needles. Explodes on beating. 
On heating with alcohol it gives w-nitro-benz’ 
aldoxim C,H/XOj)(CH:NOH). 

p-Diazo-o-nitro-benzaldoxim chloride 

C.H,(NO,)(X..Cl)(CH:XOH) [2:4:1]. Forpied, 
with evolution of CO.;, by the action of amyl 
nitrite on a HCl solution of o-nitre-p-amido- 
phenyl-occtic acid (Gabriel a. II. Meyer, B. 14, 
826; C. C. 1885, 516). Long red needles. Ex- 
plosive. By the action of HBr it gives o-nitro- 
p-bromo-benzaldoxim. By hot alcf^hol it gives 
o-nitro-benzaldoxim C,H,(XOJ(CH:XOH). On 
owdation it gives o-nitro-benzaldehyde. Ammo- 
nium sulphide retluces it to o-amido-benzaldoxim 
OgH,(NH.J.CH:NOH [133°]. 

tn-Diaio-nitro-benzene. Formed bj diazo- 
tiaing m-aiftro-aniline. 


Slum salt* It forms p-nitro-anilinc when heated 
with dilute ILSO, or with water iu scaled tubes 
at 2.40°. Cone. IICI at 20° givc.s p*di azo-nitro- 
benzene chloride and p-nitro-uniline. 

Salts.— C„H,(NO;).N.;.NNa.C,H,XO,: forms 
stccl-bluo needles, soluble only in oxooif of 

allvali.-{C,H,(XO;).N,.(C,.H,XOJ|,Cu.— 
{0«U,(NO.J.N;.(CJl,XO,)|’cd.- 
I C/L(NOJ.xX,.(G„H,n6j } ;Co, 
m-Biazo.nitrO'beozene'p-nitro-anilids 
[3or 4:1] O..H,(XO;).N;.NH.C..H,(NO;) [1 :4 or8J. 
[211 ]. From diazotised 7/t-nitro-anilino hydro- 
I chloride and p-nitro-Unilinc ; or from diazotised 
p-nitro-aniline hydrochloride and m-nitro-aniiinf 
(Meldola a. StreatfeiJd, C. J. 51, 103, 439). Yel. 
low needles (from alcohol). Dissolves in NaOUAq, 
forming a rod solution. Gobi wiucous 
gives w- and p-diazo-nitro-benzeno ohloridei 
and m- and p-nitro-aniline. 

m - Diazo - nitro - benzene - m • nitro - bennrl » 
anilide [3:1] CJl,(XOj.N;.NC,H;.C.Il,(NO,) [1.^8]. 
[1P2°]. From m-diaz )•nitro•briuzeno•m.n^tro- 
anilide, alcoholic KOH, and btnzyl chloride 
[ (M. a. S.). HClAq at lOO'-* gives m*chloro-njtro* 

I benzene and w-nitro-benzyl-aniline. 

p-Diazb-nitro-benzene - p-nitro-benzyl-anlUdlT 
[4:1] C.H,(XO;)..X.,NC,U,.C,H,(XO;) [1:4]. [120*), 
From p-diazo-nitro-benzonc p nitro benzyl-ani* 
lide, alcoholic KOH, and C,H,C1 (Meldola a, 
Streatfeild, C. J. 51, 112). Minute y el lb w 
needles. Gone. HCl decomposes it at 100° iota 
p-nitro-bcnzyl aniline and p-chIoro-nitro*b«ii« 
zene. 



CISO^^ Piom w-dlazo-nitro-benzene-jp-rntro- 
«nii& idcoholio KOH, and benzyl chloride 
iMaldola a. Streatfeild, C. J. 61, 114). 

m-Diazo-nitro-benzene-m-nitro-ethyl-axiilide 

J8:l] C,H,(NOj.N,.NEt.C,H,(NO*) [1:3]. [119^]. 

From wdiazo-nitro-tHinzenc-w-nitro-anilide by 
Ireatnient witli KOH and EtI. Also from 
m'diazO'])*nitro knzone and fu-nitro-ethyl- 
jmiUne. Ncf^dlus. Cdld cone. ilCl forms m- 
dtazo nitro benzeno clilorido and w-nitro-elhyl- 
anilinQ (Meldola a. Streatfeild, C. J. 61, 108, 

LDiazo-nitro-benzene/i-nitro-ethyl-aniUde 

[4:1] C,lI,(NO,).N,.NKt.CJl,(NO,) [1:4!. (ll>2^]. 
Formed by tins action of I')tl and KOH upon 
V'diuzo nitro - Ijeiizeiio ■/>- nitro- ethyl - anilide 
[Meldola a. Streivlfeild, 0. J. 411, liitl). Or from 
4iazotiM<!d p iiitro aniline and p nitro-etliyl- 
anilirm (M. a. H., (J. J. 51, 111, 412/. Yellow 
jfieodloH, V. hI. .sol. alcohol, insol. alkali.s. Do- 
coinf)o.sed hycold JlCl into jr)-diazo-nitro-hi‘nzcn0 
chloride and ^enitro etliyl aniline. 

p.Diazo-nitrobenzene-w-nitro-othyl.anilide 
[4:1] C.II .{NO,).N,.N l•:t.CJl,(NO.,) [1:3]. [187^^]. 
From diazoti.sed p-nitrr)-anilino ami wt-nitro- 
cthyhaniliiie (M«‘ldola a. Streatfeild, C. J. 61, 
111, 442). Oranfi(« needle.s (from alcoliol). V. 
al. Bol. alcohol. Cbthl cone. IICI f,Mve.s w-nitro- 
ethyhaiiiliiic and p-diazo-nitro-henzeno chloride. 

m - Diazo ■ uitro • benzene -p ■ nitre • ethyl- 
anilide (?). 

[3:1] CJl,(NO,).N\.Kt.C,.H,(NO.,) [1:4]. [148°], 



, . (OAg)Oe: 

yellow explosive plates. 

Diazo-nitro-phenol CaHs(NOs)<^Q*^. From 

C,iHj(OH)(NH.;)(NO.J [1:2:4] by diazotisation 
(Griesa, i. 113, 212). Brownish-yellow granular 
mass ; v. si. sol. hot water, v. sol. alcohol. Ex- 
plodes at 100°. 

Methyl ether. 

Nitrate C,H.,{N02)(0Me).N3.N0,. Formed by 
diazotising nitro-anisidine (Griess, J. 1866, 459). 
riatinoohloridejC.H,(NO,)(OMe)N2Cl}^tCl4 
Perbromidc 0„H3(N02)(0Me).N.^Br,. 

Imide C«H,(NO.,)(OMc)N,: needles. 

Met hoxy-nitran Hide 

CJf.,(NOJ(OMe).N.,.NH.C«H,{NOJ(OMe). 
Formed by passing nitrous acid into ar 4a\;ohol 
solution of nitro-anisidine (Griess, A. 121, 278). 

Diazo - di - nitre - phenol CjH2(NO )a<^Q*^« 

Formed by passing nitrous acid into an alco- 
holic solution of di-nitro-amido-phcnol (piora- 
mic acid (Griess, A. 113, 205). Yellow plates 
(from alcoliol). 

Biazo-nitro-jS-phenyl-propionio acid 
[3:4:1] C«H3(N0.,)(N2.0H)C.J1,.C0,H. Mfro- 
diazo - hydrocinnamic acid. The nitrate is 
formed by the action of ethyl nitrite and HNOj 
on (3:4:l)-nitro-amido-)8-phenyl-propionic acid. 

, „ -,x « -J L- . It forms short colourless needles which explode 

i*repurc<l hy digi'sting tho itota.s.sium salt of wi- j feebly on heating. Heated with alcohol it 
diazo -nitro-hcnzeuo-p.uit.ro-uuilide dissolved in ' gives fn-nitro-hy^ocinnamio acid (Gabriel, B, 
alcohol with Eli (Meldola a. Htreatfeild, C. J. ' 15, 815). 

51, 105). Smull yolluw needles. Heated with ! Diaze-nitroso-methyl-nitro-benzene v. Duzo- 

IlCl at 100" it, ^’ives m- and p- nitro-ethjjj-anilines nitro-iienzaldoxim. 

and w- and n-chloru-nilro-beiizene.s. By old ! p-Diazo-nitreso-oxindole chloride 

HOI it is resolved into w- andp-diazo-nitro-hm- : r « m n n r tt m-N 

acnecJilorides andm-andp-nitro cthyl.uniliMes.| WN^Cl or CJUN.N.CIX^ ;>CO. 

«i-Diaio-nitro-benzone-;)-nitro-et'liyl-aniIido ! p-Diazo-dioxindoIc-oxim chloride. Small 
[8:1] CJI,{NO.).N.,.NKt.(\H,(NO.^) [1:4], [175°]. ' yellow needles. Propared by tlie action of amyl 
From dia/-utis('<l m-nilro aniline and p-nitro- nitrite on a solution of amido-oxindole in HCl. 
■eihyl anilino (Meldola a. Streatfeild, C. J. .51, Is only slightly attacked by boiling alcohol 
110). Yellow needles (from alcohol). V. si. sol. I (Gabriel a. 11. Meyer, B. 14, 832 ; G. C. 1885, 


Alcohol. With cone. 1101 Aq it forms p-nilro- 
Afuline and m-diazo nitro-benzene chloride. 

p-Diazonitrebenzene-piperidide 
[4:1)0,11, (NO, ).N,.NC3 H„.- [ut^j (Wallach, A. 

«35, 254). I L J \ 

m-Biazo-nitro-benzone zulphonic acid 

(3) yN, (1) 

CA/.;N03)C I . Formed by diazotisation 
of w-nitro-aniline sulphonic acid (1.3.6). White 


616). 

o-Biazo-p-nitro-toluene-piperidide 
C,.,H,„N,03 i.c. [1:4:2] C«n3Me(NO,).N,.NC3H„. 
[.51°]. Fromjp-nitro-o-toluidine [lOP'] by diazo- 
lisation of its hydrochloride and subsequent 
addition of piperidine (Wallach, A. 23.5, 218). 
o-Biazo-mtro- toluene p-iulphonio acid 

C,H,Me(NOj)<[JJj)>. Formed by dissolving 
o-toluidine p-sulphonio acid in fuming HNO, 


mjcroscopic tables. By lu'aling with absolute : and ppg, with ice-water (ilayduck, A. 172, 117). 
woohol under an extra pressure of 400 mm. it j Boiling alcohol under 1160 mm. pressure does 
w oonverh’d into p-nilro-bonzeno sulphonic acid , not attack it. 


(Limpricht, ]>. 18, 2186). 

Biazo-nitro-benzone diialphonio acid 

OA(SO,U)(NO.,)<^J^^. Formed by diazo- 

lii^ m-nitro-nniliuc disulphonic acid (Lim- 
prioht, B, 8, 28U). Boiling alcohol forms m- 
aitro-benicne disulphonic acid. 
Biaio-nitro-benzoio acid 


J) - Biaao - nitre - toluene o-iulpho^o acid. 
Formed by dissolving p-toluidino o-sulphonio 
acid in cold fuming UNO, (Weekwarih, A. 172, 
202). Large dark-red prisms. Alcohol heated 
with it under 1,000 mm. pressure gives nitro- 
toluone sulphonic acid (Pagel, A, 176, 304). 

P-Biaao-nitro-toluene m-iulphonio acid 
C,H,Me(NO,)N,SO, [1:2:4:5]. Formed by di«-: 


I JTUIJIACU MJ , 

Expw,. Mow 

tMtowtln.A. n;i,«3). j C,H.Mo(NO.)(NHJ80.H p:S:4:6] and nitt^ 



Mn||k.';-.:HiyBI«. .mW wsm l ■ «| 'mMBW m^NI ww6r 

onJbr’ f ol tb* thMNttetl qoMittfy ol n^trogtti 
flpnwf off i wbea boiled with Fe,Cl, all oomes off. 
BdIBihg ^oohol does not affect it, bat in a 
aealed tube at 100° it is converted into o-nitro< 
tolnwe m-BDlphonio acid. 

p-Biaio-di-nitro-toluene o-salpboale acid 

0J9Me(N0J, ^QQ From j>.toluidine o- 1 

salphonio acid and faming HNO, (Pagel, A. 
176, 306). Yellowish needles. Not affected by 
alcohol boiling under 1,000 mm. pressure. 

lhaso*oxy>acrylic ether (?) 

0,H.N,0, i.e. CN,:C(OH).CO,l!:t (?). (M2 ) at 

717 mm. V.D. « 6 0 (obs.). Yellow oil of strong 
peculiar odour. Volatile with sloara. 

jPor»7Ui/jVjM.— Gelatine, swollen with water, 
is warmed with absolute alcohol whilst HCl gas 


lanliUh jt Idl4 uA «thir 

(8dhnan,jri7.13S8>. 

o-diase-phanoL Ohlorid$ 0^«(0fi)N,01. 
By ^sing 19(0, into an alcoholic solution o# 
Die hydrochloride of o^amido-phenol, and then 
adding ether (Schmitt, B. 1, 67; BOhjcner, J,pr, 
182,460). Khombohedra. BroininO'Water ad(fed 
to its aqueous solution forms a yellow pp. of 
diazo-dibroino-phenol {q. v.). 

Sulphite CJl,(01]).N„.so,K aq. Golden 
scales, got by adding KilSt), to 0,H,(OH).N,Cai 
(Schmitz a. Glut/, B. 2, 61 ; Keisonogger, 

221, 814). 

VlatinocUloride (CJI,(OII)N,Cl),Pt01,, 
m-Diazo-phenol. JhJlhyl derivative (Wag* 
ner, J. or. [2J 32, 70). 

p-Diaso-phenol. Nitrate 0,H,(OlI).N,NO« 
Formed by jmssing nitrous acid gas into a cola 


is passed in, it soon dissolves and after dis- 
off the alcohol a tliick brown syrup is 
left 7^1-iia latter, which appears to bo the 
hydrochloride of amido-oxy-acrylio ether 
OH(NH,):C(On).CO^t yields the diazo-ether 
when its concentrated aqueous solution is treuled 
withNaNOj.; it is purified by distillation with 
steam ; the yield is 160 grms. from 400 grms. 
of gelatine. 

Beactions. - Acide eliminate its nitrogen, but 
it is very stable towards alkalis, with the ex- 
ception of NHj, which even in the cold soon 
splits off CO, and alcohol, liy zinc-dust and 
acetic acid it is reduced 6rst to a hydrazine and 
finally to an amido-acid. An ethereal solution 
of iodine converts it into di-iodo-oxy-acrylio 
ether CI./.C(On).CO,Et which on treatment with 
cold aqueous Nil, loses CO, and alcohol and 
yields di-iodo-vinyl-amino CI,:CII(NH,). It 
reduces AgNO, in the cold (Buchner a. Curtius, 

B. 19, 850). 

Biazo-o-oxy-benzoic acid 
CJl,(CO,H)<g tCO,II:0:N- 1:0:3]. 

Dicuo-salicylic acid. Formed by passing N,0, 
into an aqueous or alcoholic solution of liydro- l 
chloride of amido-salicylic acid and concentrating. 
Crystallised from water (Hchiuitt, J. 1804, 384 ; 
Goldberg, J. pr. [2J 19, 862 ; P. F. Frankland, 

C. «r. 37, 749). Slender needles. 

Reactio7is.— l. Boiled with cone HI it gives 

iodo-salicylic acid [19G'j (7. v.). 2. Mercaptan 
at 170° gives salicylic acid (Schmitt a. Mitteu- 
«wey,/.i7r. [2] 18,193). 

Chloride. - CJl,(CO,ll)(OH)N,Cl. - Pla- 
tino-chloride{C,H,(CO,H)(OH)N,Cl},PtCl,. 

Biazo-p-ozy-benzoic-amido-ozy-beozoie acid. | 
Dimethyl derivative. 

Diazo-amido-anmc acid 
0,Ha(O.Mo)(COJl).N,.NU.C„H,(OMe)(CO,n). 
Formed by passing nitrous acid gas into a ^Id 
alcoholic solution of amido-anisic acid (Gricss, 
A. 113, 337; 117, 45). Amorphous powder, 
insol. water, alcohol, and ether. W’arm oonc. 
HCl converts it into a red acid 0,gH,,O,. — 
Na.>"liaq.— KjA"2aq. -EtjA" : narrow leaflets. 

Biaso-ozy-emnamio acid. MeUvjl deriva- 
tive CA{N,OH)fOMe).CH:CH.C6,H [6:2:1]. 
Formed by diazotisingmetbozy-amido-cinnamio 
•oid. The chloride forms yellow crystals, 
whi^ decompose at about 102°. The nitrate i 
'ttiWNd!^.NOJ(OMe)(C,H,.CO,H) crystallises in i 
pSSt nee^Ues, wb^ explode at 152°, nearly I 


ethereal solution of phenol (Wescisky, Site. B» 
1875, 9; B. 8, 895), or of p-nitroso-phenol 
(Jiiger, B. ft, 894). 

Pr«7wrrtfkm.— By passing N.jO, into alcoholicr 
solution of hydroehloride of p-amido-phenol,. 
adding strong HNO, and cooling strongly (Boh* 
mer, J. pr. 132, 450). 

heaction.<>.~l. By w'arming with dilute* 
IlBr (15 per cent, solution) it does not give off 
nitrogen, as diazo-benzeno nitrate would do, 
but forms di-azo-di-bromo-bonzono in accordance 
with the equation : 

8 C.H.Br,<§ 

Chloride C,ll,(OH).N,Cl. Formed by 
diazotising p-amido -phenol hydroehloride. 
Converted into hvdroquinono by boiling oono. 
IlCl or dilute H,SO, (Schuler, B. 9, 1160), 
Heated with mercaptan it gives phenol and 
(C.H,)..a.4Schmitta. Mittenzwey, J.pr. (2] 18^ 
194);-(CJ1 ,(OU).N,Cl),PtCl,. 

Bromide 0„H,(OH)N,^r. Formed by ftass- 
ing N,0, into an alcoholic solution of tlio hydro- 
bromide of p-amido-phenol (C. Bolimer, /.pr, 
132, 451). Precipitated by ether. 

Platinobromide (C,H,(OII)N^Br)j,PtBr,* 
Needles grouped in spherical segntents. Got by 
adding an aqueous solution of PtBr, (preparea 
like PtCl^ by dissolving spongy ])latinujii in HBr 
mixed with HNO, and evaporating) to one of 
diazo-phcnol hydrobromide. If loft for several 
days in contact witV their mother liquor, the 
crystals absorb eight molecules of water of : 
crystallisation chonging to blood-rod twin 
crystals resembling gypsum. Those are in- 
soluble in ether, CH., agd CHCl,, diflioultly schlWIt 
in water. The salt heated with 10 pts. oi 
Nn^CO, docs not yield bromophenol. 

Sulphate Obtainedt 

by adding dilate H,SO, to an alcoholic solution 
of the hydrochloride of p-amido-phenol, passing"; 
in N.,0, and adding ether. Needles. 1)^ n<^: 
expire when heated. Converted by baling' 
HBr into the bromo-phcnyl ether oi bydroi*: 
quinone (0. v.). 

Sulphite HO.C,H,.N,.BO,K. Fromp-amldo^V 
phenol, HCl, NaNO,, and k,BO, (lleisenegger, 

221, 316). Yellowish plates. 

Ethyl derivative '‘CgH,(OEt)N,OH. v 

0,H,(OEt)N,Cn. From p-amido-phenetol hy^ 
oUoride by solntion in alcohol and traatmeoi 
with N,0,. Precipitated by ether is an 
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CirjitatKMs when oooltd to - 18^ Bnt If 
b<t Ad<l«d to the itooholio sotation of the chloride, 
Avoiding rise of temperattirc, crTgtolg of the 
enlphato 0^H,(0Et)Ny.80Jl Ht'parate. Boiled 
with watrr thin forms CJI,(OKtj(OH), hydro- 
<juinono mono r*t)jylic etlior {q. v.) (llantzscb, 
j, pr. i;»0, 4(iL}. 

Af ethyl tierivalive. Tho salts are formed 
hy diazoti.'^in^' ;Minisidino (Salknwski, Ji. 7, 
lOOU): C..lJ.(()Me;.N,NO,. C,n,(OMo).N,.SO,I£. 

Diazo.pheDol-carbamic ether. Ethyl deri- 
vative 

/N -CO f- 1. 

cji.(oi-:i)/ \ ■ 

Jiy pjisHing N.O, into a solu- 
tion of the liydrocliloiidi! of othoxv-amido- 

plmnyl-iintliano, CJf,(Ol':t)(NII.).Nil.C0,Kt, 
lICI (Kohlor, ,y. pr. [2] 2'J, 27.{). 

/Vo/vr/iV.v. S!iri<lt;r, silvory-wliite matted 
neodh>ri. Insol, \vut< r, sol. aleohoi, ether, and 
glacial nf»‘tic aeid. I»ccomposes helow lOJR 
ficnrtt'ws. 1. not explode. -2. Not 

aflfeeted hy hoiliri;^ alcohol. -;t. Boih-d with soda, 
it is decomposed with evolution of nitruf'cn. 
Dlaeo-phenol sulphonio aoida 

and are 

uiiHtahle ery.stalline acids obtained hy dia/o- 
tisin;* the corresponding uinido-phciiol sulphonic 
ands (Ih’iinewit/., J. py, (2J 8, C2). 

Biaco phenol riisulphonio acid 
.N. 


p’rom 2>-amido phenol di- 
•ulphonic neid {q. v.) (Wilsing, A. 215, 2.‘1H). 

o*'^*'* snlplinr . yellow 

needles. Warmed witli water it forms Jiydro- 
quiiiojie disulphomo acid. 
pp'l etra-azO'diphenyl 
Karate. N«,.N,.(1„ll,.C!Jl,.N,N(f;. Form«l 
by I'lissinj! niln.uH n.M.I wis inU, uii alcoholic 
kololion ,,1 lulrat.. of bcn/.iclinc. an, I nno. ,vit|, 
etb.T (.n,«, //-.ISC,! iii. 7 i.,). White nccllc.,, 
y. »ol. water, 8„|. jn,,,, ’ 

h, at,,,l. lioili„« ,val,r forma 
/’frfir,„„i.f,'|lr,N,.c lln, )[„}( |tr 

White 

ouiiach*".'; 

Biato-phenyl-carhamic ether 
«•<'> 

•ttuJo TuforYuadorph'^Sf iJ] 


raianiBit* liY^hioridA (B. ft. 0. Ft«ali«r.\4. 

I94, 274).-4,4H„K4CIIMici,. 

Hezft-aio>m-pheiiyl-Cftrbm jl cyanide 

Chloride {C4H,(N,CI)},0.CN2aq. From 
hydrocyano-p-rosaniline hydrochloride by diazo- 
tisation. Slender needles, v. sol. water. Gives 
o?ri"® (C.H.0H),C.CN (PiBoher, A. 

Xiy4, 

Hexa-azo-tri-phenyl-methane chloride 

(tJbli4N2d)3CH. Diazo-p-lcacaniline. Formed 
hy diazotising tri-amido-tri- phenyl- methane- 
hydrochloride (E. a. 0. Fischer, A. 194, 269) 
Gives p-rosolic acid (aurin) when boiled with 
water. 

Di-aso-phenyl methyl ketone sulphite of 
sodium CH,.C 0 .aH,.N,.S 03 K. Formed by di- 
azotismg o- amido-acctophenono and treating 
, the product with K,S 03 . On reduction it gives 
‘ if CH3.C0.C„H,.NH.NHS0.K 

i whence HCl forms mcthyl-indazol, 

X’Me 

I (^* I^^dazol). The aqueous solu- 

tion of the hydrazine salt changes to 

y»CMO 

CJI,/ |\ 

1 - ”«%l-in<lazol Bulphonate 

of sodium (1‘ischor a. Tafol, A. 227, 305). 

Hexa-azo-di-phenyl-tolyl-carbinol 
Chloride (C„H,N,CI).C(OII).C.H.MeN,Cl. 
niaro-rosamlme Ponncl by .iiazotiaingrosani- 
Iino liyilrochlondo (Caro a. Wanklyn, Z. 18r>6 
£11; E. a. 0. Pischer, A. 1(11, 279). OivcB 
V with water— 

(C„H„N,tl.,);dPtCl. fiaq,- C„H,5N,C1,3 AuC1,. 

Hexa-azo-di-phenyl-tolyl - carbinyl cyanide. 
Chloride (C«H,N.,Cl).,:C(CN).C,H,MeN,Cl. 
Duizohydrocyan - rosanilinc. — Gold salt - 
C.,„lI„{CN)N,Cl33AuCl,. 

CJI,i(OL^^N.^Cl. I<rom the amido- compound 
(Pukall, 23. 20, 1136). Unstable orystals. ^ 
Biazo-rosaniline {v. supra) 

Diazo-succinamio acid 

CO,,n.CII,.CAN3.CONH,. 

Methyl ether A'.Me: [8i°J; long yellow 
prisms (from alcohol). Formed by the action 
of aqueous NH, upon methyl diazo-sucoinato. 

By docomposition with cold slightly acidified 
water it yields methyl fumaramatc and methyl 
malnmato. Heated with benzoic acid at 140^ 

150 It gives methyl bonzoyl-malamate. Iodine 
in ethereal solution con-erts it into methvl 
di - lodo - succinamate — CO..Me.CH,.CI CONH 
(Curtins a. Koch, B. 19, 2400). ^ 

C,H,N.,(C0NHJ(C03Et — 
[112 ] ; long thin yellow prisms ; easily Joluble 
w«i alcohol, sparingly in cold 

^atcr and ether. It is not altered by boiling 
ancl "ater, but by acids and alkalis is at 
once decomposed with evolution of nitrogen, 
IWucod to aspartic ether by zinc-dust kid 
aoeim acidJCurtius a. Koch, B. 18, 1293) 
Biazo-succinio acid C 3 lI,N,(CO.H) /, The 

ethers^f^ffis Sd 

a 0 o twned by mixing iced solutions of 
the hydrochlorides of the aiinArti> 

and adding a few drops of dilute «ltet 



iaAio>coucdjMnQa^ 




. jjfqmm tt HUMi oai «ittt #«ri 

Tbti rthart lonn dait^jeUoir ^ whieh hm 
fiok yet be«ii obiai^ in n pnre state. Bt boil- 
ing with water or aqueous acids they are decom- 
posed with evolution of nitrogen and formation 
of the corresponding fumario etlier. Tliey 
decompose siwntaneously on keeping, evolving 
nitrogen and forming azinsucoinic ethers ; 
(CO..K)aC.;Hj:N.N:C.,HdCOalt)a. Strong aqueous | 
NH, converts them into diazO'SUCcinamic ethers, i 


p.Diszo-toluene. 


Salts.— The preparation and properties of 
these salts resemhle those of the corresponding 
diazo-benzene salts (Oriess, C. J. 20 , 80). — 
C,H,Mc.N 2.NO, : long slender white needles. — 
(Cji4Me.N,Ci).JHCl4: yellow prismatic crystals. 
C,H,Me.N2SO,H.- CnH.Me.N^Hr,. 

DicuanUle. ('JI.N, or CJI^Me.N^.CN.HCN. | 
[78°J. Needles or leaflets. Formed by the action ; 
of a diazo-tolueno salt on a solution of KCN ! 

Aniliuc CJT4Mc.Nj.Nnrh or, alternatively, ! 
Ph.No.NH.CJl,Me. From p-toluidine and di- | 
azolrenzene nitrate or from aniline and p-diazo- | 
toluene nitrate ((iriess, A. 137, 00; B. 7, lOllf). • 
Narrow yellow leaflets. My warming with phenol 
it gives a inixftjrcof aniline,p-t<duidinc, benzene- j 
azo-phenol and ;)-toluene-azo-j)henol ; similarly j 
with resorcin (Ileumann a. Ooconomides, B. 20, j 
907). I 

P’ChlorO’anilide. Formed from p- i 
ehloro-diazo- benzene and p tolui<linc. By heat- 
ing with phenol it gives p-toluono-azo-phonol 
and p-chlorajiiline (Ileumann a. Occonomidcs, 
B, 20, 909). 

PiperiduU 0,JI„N, U. CJT,.Nj.NC.II„ ; 
[41°]. From CITvCJI^.NjCl and piperidine. 1 
Prisms (fnnn alcohol or ether). Insol. water. 
Dry HCl pa ssed into its solution in petroleum- | 
other appears to form an unstable hydrochloride, I 
quickly decompo.sing into diazotolueno chloride . 
and piperidine hydrochloride (Wallach, A. 235, 
244). 

p.Toluide CJI,Me.Nj.NH.C,H,Me. [116J. 
Formed by passing nitrous acid gas into a solu- 
tion of p-toluidine in alcohol and ether (Oriess, j 
A. 121, 277 ; when pare (by digestion with ; 
alcoholic (NH,).S) it forms nearly colourless 
large thin prisms (Bernthsen a. Ooske, B. 20, ’ 
928). I 

p.Ethyl-toluide CJIJlo.Nj.NEt.CJI.Me. j 
Decomposed by acids into ethyl -p-toIuidinc and.: 
p-diazo- toluene chloride (Gastiger, Bl, [2] 42, : 
342). ‘ 

o-Biaso-toluene-o-tolaide 
[2;1] C,H,Me.Nj.NH.C,H4Me [1:3], [61°]. 

Orange-yellow powder of microscopic needles. 
Prepared by adding sodium nitrite (I mol.) to 
an aqueous solution of o-toluidine (2 mola.) and 
HCl (3 Diols.) and then neutralising the HCl 
with sodium acetate, the temperature being 
kept below - 5° during the whole reaction. It 
is crystallised by dissolving in cold alcohol and 
adding ice (Fischer a. Wimmer, B, 20, 1582). 
o-Diaso-tolnene-aso-teluena CkHi.N^.OH i.e. 

^ • (?) Obtained by diazotiaing 

(olttsne-azo-o-toluidine ; the salts crystallise out 
when a stream of nitrous acid gas is pas.scd 
inks an alcoholic solution of toluene-o-azo- 


tefnidine iiad aa exeett of or npoo 
•ubseqnent addition of * little ether. On 
heating with 4xrator or alcohol it decomposes, 
evolving nitrogen like ordinary diaio-coropounds. 
By HnCl, or SO, it is not reduced to a hydrazine 
but gives a stable compound Ci.Hi^N. which 
.N-NH 

probably has the constitution C.TI-^ I I , 

by bromine this body is reconverted into the 
diazo-perbromido. By zipc-dust and alcohol it 
is converted into «i.to!uene.j» iizo-tohiene [68®] 
with evolution of nitrogen. The diuzo-imide 
loses nitrogen on heating and yields tolyl- 

azimido toluene CJI^ | Nn.C.U, identical with 

\n 


sk/ 

that obtained by oxidation of toluene a/.o-o-tolui- 
dine. o-Diazo-foluene-azo-toluene reaels with 
amines and phenols liko an ordimiry diazo- 
compound ; the products, howevi-r, i juluno to a 
diamine or amido phennl and tolyl iizimido- 
toluene. All the sails have a de('p orange yellow 
colour and are tolerably stable. - : 

red granular crystals. (C,,H„N,.('lj..I*lCJ4: yel- 
low aeicular crystals. - C,,nnN,.NO/ : slender 
red pointed crystals.- ('iJluN^.SO,!! " : red in- 
terwoven needles. -C,4lI„N,.Br,: 1125 ], long 
glistening red needles or com pant erystals. 

Imide [85 j, thick yellowish red 

crystals; formed by the action of alcoholio NH, 
upon the perbromido (Zincko a. Lawson, D. 
19, 1152). 

}*roduet of Reduction probably 

.N NH 

C-n„^ I I [108°]. Long colourlesi 

\n~n.c,h, 

needles. V. sol. hot alcohol, si. sol. ether 
and chloroform, insol. water. It has i)0 
basic properties. It is not affected by 
reducing agents. Bromine in alcoholic or acetic 
acid solution readily converts it into o-diazo* 
toluene-azo-tolueno perbromido. On addition of 
AgjO to its alcoholic solution nitrogen is evolved 
and w-p-azotoluene [58°] is formed. 

Acetyl derivative C,JI„N,Ac [184°]: 
glistening white plates (Zincko a. J.(aw8on, B* 
19, 1457). 

pDiazo-tolneneazo-tolaene 
[2:1] CJl4(CH,)-N,-OJl,(CIi,).NjOH [1:8:4], 
Prepared by dissolv^'g toluene n/.o-;i-loIuidine 
in alcohol, adding an excess of HCl, diazotising 
by passing N.,0, into the wcll-cooled solution, 
and precipitating the diazo-salt with ether. By 
rciluction with BnCl, or zinc-dust and aC|t|io 
acid in cold dilute nrjUcous solution it is Ijpnt 
up (witliout formation of a hydrazine) inte 
o-toluidine and lolylcne-p-diamino. 

Salts.— “CnHijNi.NO, : slender brownish- 
yellow needles, m. sol. water and alcohol.-— 
C,JI„N4.Br,: yellow crystalline pp. which 
changes on standing to small violet needles.— 
C,,H„N,.SO,Na : glistening scales (from alcohol)^ 
V. bo), hot. aicoliol, si. sol. water. 

Imide C,JI„Nj: [(>0°]; long platei; sol. 
alcohol and acetic acid (Zincke a. Lawlon, B» 
20 , 1181 ). 

o-Biazo-tolnene m-snlphonio acid 

I •MeC,H.<g^”> [1 J]. Precipitatea M • 

j white powder when nitrous gas is passed into t 



B»Maiite«UT»t 10V> (MerO* «.WUtttk«,0;/. 

O'Wfo-toludAe piulplionio acid. 

Minute raonoclinio priama (Haydack, A. 
172, 213; 174, 3il). Boiling alcohol produces 
Me.C,H,(OEt).SO,lI [1:2:4J. 

j:;-Dia*O'toluon 0 o-sulphonic acid. Yellow 
or brown needles (Aacher, A. 101, 8; Jensen, A, 
172, 235). Heated with alcohol under pressure 
it gives McCJJ,(OKt){SOjll) Kenisen a. Palmer, 
Am. 8, 243). 

jo-Diazo-tolaene m*Bulphooie acid 

[^s]* Bolublo than 

the corresponding o-coini)ound (Nevile a. Win- 
ther, C. 37, 031). Prepared by passing 
nitrous acid gas into p-toluidine sulphonic acid 
Buspended in alcohol. Hut alcohc)! gives toluene 
m-Bulphonic acid (I’etennann, A. 173, 201). 
p-Diazo-toluene exo-Bulphonio acid 

^SO,. Heated with alcohol under 

1,100 inru. proasuro it gives CBlI,(OEt).CII...SO,U 
(Mohr, A. 2‘Jl, 219). 

j) < Diazo • toluene . lulphonio - amide - toluene 
inlphonio acid. Amide 
ri:4:3] (\n,Mc(H ),NW,)N,.Nir.(\ir,Me.SO,Nir, [ 2 : 1 : 1 ]. 
From 0,H,Me(NH,)H(),NII, [1:2:4], alcoliol, and 
nitrous acid gas (Paysan, A. 221, 211). Decom- 
posed by HCl into N,, OJI,ClMc.SO,Nll,, and 
C,H,(NH,)Me.SO,NH,. 

o-Biazo-toluone disulphonlo acid I 

N, 

0,lIaMe(SO,H)<^ 1^*^ [ 1:6:5]. and 

aqueous o toluidine disulphonio acid at 0'^ (Tjira- 
pricht, ii. IH, 2170 ; llusac, ^4. 2,30,291). Micro- 
Bcopia needles. Explosive. Heated with alcohol 
under ])ri>ssurn it gives CJI..Mo{OEt)(80,U)_,. 
With HI it forms 0, H,MeI(S(),H),. 

Salts, — K A'.— 1 JaA'j liuj. - - PbA'... 
p-Diazo toluene di-eulphonio acid 

C,HaMe(SO,H)^ I . Formed by diazotisntion 

\so, 

of p- toluidino - di - .sul|)honic acid. Yellowish 
crystals. By lu'iitin,g with HI it yields p-iodo- 
tolueno-di-sulphonio acid; with llBr it yields 
p-bronio-tolueno-di-sulpk .uo acid. 

Salts. A'K: large yellow prisms. -A'„Ba :< 
yellowish white needles. — A', t’b : small rod 
prisms (Iiimiuicht, If. .18, 2178). 
o.^.^»-toluio-auudo-toluic acid 
CJf,Me(C(),H).N,.NH.O*H,Me.COJI. From 
aniido-toliiio acid and nitrous ether (Grioss, 
A. 117, 59). Minute yellow prisms (contaiiiiug 
laq); insol. water, alcohol, and ether. 
o-Diazo-p toluidine bromide. 

Aceiyl dt'rivative 

C,.H,^[e(NHAcl.^’,Br [1:4:2]. 

From C,lI,Me[NHAc)(NH..) [1:1:2], cono. HBr 
and cone. NaNO, at 0 ’ (Wallach, .4. 235, 249). 

iimrfjons. -1. Hot Ae.A) converts it into 
C,H,Me(NHAc)(0.\c) fl32-r>'M.- 2. Nitro ethane 
and NaOKt give t\ll,Me(NHAc).NrCaMe(NO..). 
a43«}.-^a. HNEt gives C.H,Me(NHAo)N^NKtr 
fl(^®].— 4. iN/vridinc gives tlie piperidido; 
0,H,Me{^'HAc).N,.NC,^l,„, [154*^]. HCl passed 
lato an alcoholic solution of thia base gives a 


^ Diai^^zjlai^ teUt 

0,H,Me,<^^ [1:8:4:6]. White pp. SpAlag^ 

soluble in water. Decomposes at 60®- 70®. 
Combines with phenols and amines. Formed 
by diazotisation of m-xylidine-sulphonio acid 
(Nolting a. Kohn, B. 19, 138). 

Diazo^zylene-salphonic acid 

C,HjMOj<^j^ b]* Yellowish white plates. 

Stable at ordinary temperature, decomposes on 
heating with water at 60®-70®. Formed by 
the diazotisation of p-xylidine-sulphonic acid 
C,H,Mo,(NH,,)(SO,H) [1:4:2:5] (Ndlling a. Kohn, 

B. 19, 141). 

BISAZO- COMPOUNDS. Secondary azo- coni'- 
poinuls. Compounds containing two azo- groups 
of the form C— Nj— C. The general methodE^y 
which they may be prepared are giv^iiHfnno 
article on azo- colouring mattera (p‘^08). The 
nomonclaturo hero used is like that used for 
azo- compounds. To find the name of a disazo* 
compound, write down the formula, strike out 
everything between the two N.^ groups, removo 
one of the groups, and join the remaining 
parts of the formula togetlier and name the 
resulting azo- compound as directed on p. 369. 
Then insert after the word ' azo ’ the name of 
the central hydrocarbon, preceded by prefixes 
representing its substituents and followed by 
* azo.’ 

Di - amido • benzene - azo-benzene-azo-benzene 
sulphonic acid 

[4:1] C,U^(SO,lI)-N.,-C«II, ~N,-C,H,(NHJ, 

) [1:2:4]. Formed by the combination of diazo- 
; bcnzene-azo-bcnzeno-p-8ulphonic acid with m- 
phunylcno diamine. Bed microscopic needles, 
i V. si. sol. alcohol and other. In IBSO, it dis- 
: solves with a violot-bluo colour.— KA'2uq : red 
glistening plates, h1. sol. hot, v. si. sol, cold, 
water, dyes silk, wool, and cotton a brownish- 
red (Grioss, D. 16, 2036). 

Amido-salpho-naphtnalene-azo-diphenyl-aso- 
naphtbylaroine sulphonic acid 

[1:4:2] C,olI,(NH,)(SO,Il) -N., - C,Hy 

[1:4:2] C,.H.(NH,)(SO,n)-N, -C.H,. 
Formed by combining diazotised benzidine with 
j (a)-naphthylaraino p-sulphonic acid. Dyes 
« cotton from an alkaline bath scarlet, turned 
blue by a trace of acid. The aqueous solution 
is rc:nlily reduced by NII^ and zinc-dust, giving 
benzidine and nnphthylone-o-di-amine sulphonio 
acid (Witt, B. 19, 1719). 

Benzene-azo-m-diai^do-benzene-azo-beMeAf 

C, H,-N,-C«H*(NH).,^N5-C,H,. [250®]. 

Farmed by the combination of diazobenzene 
with ohrysoidino. Dark red needles or six- 
sided plates. Sol. hot chloroform and benzene, 
V. si, sol. alcohol and ether, insol. water. Weak 
base. Salts. — B'HCl: violet-brown amorphous 
solid.— B'.^U^Cl^tCl,: violet-brown amorphoui 
pp. (Gries^, B. 16, 2028). 

Bensene-aio-r;i-diamido - hensens-axo-benseiit 
p-sulphonio acid 

C,HJSO.H)~N,- OA(NH,),-N,-OA. 
Formed by the action of p-diazo-bensene-sol* 
phonic aoid on ohrysoidine. Dark-brown Bn^ 
oroscopio crystals. V. al. aol- 
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Hkiv. k%i 

If^ eold, i^ir (Grlaw, B. 16^9039). 

^^3«isBad»aio-ai-tmido-beaiaa»-uo-bfBtoie 

Mid 0-H,(00*H)~N,-~C.H,{NH,),-N,-0,H.. 

Formed by combining m-diazo-benzoio acid 
with ohrysoidine (Grieas, B. 16, 2032). Brownish- 
red powder. Insoluble or nearly insoluble in 
•11 ordinary eolvents. Soluble in alkalis with a 
brownish-red colour. 

(a)-Benxene-azo-m-di-amido-benz»ne-azo-tola- 

•ne 0,H,~N,-0*H,(NH,)j— N,-C,H,. [192“]. 

Formed together with a small quantity of t^e 
($)<i8omeride by the combination of ;)-i]iazo- 
benzeno with p-toluenc-azo-phenylone-diainine. 

Dark-red glistening needles. Sol. ether, chloro- 
form and hot benzene, insol. water and alcohol. 

{$) - Benzene • azo-m • di - amide • bonzen e • azo- 
toluene C,H,- N,— CJI,(N 11 J, - N, -0,11,. 

[22^]. Slender yellow noodles. Sol. alcohol and 
ether,* . . sol. ohlorofonu, sol. in water (Gricss, 

B. 16, 2020). 

Benzene • azo - m - di • amide -benzene - p - azo • 
toluene C,II, -N, -C,. II, (NFL), - N, CJJ.,. 

[214®]. Formed by the combination of p-diazo- 
toUiene with chrysoidino (Gricss, Jh 16, 2030). 

Dark-red glistening needles. SI. sol. cliloroform, 
ether, and benzene. 

Benzene-azobenzeae-azo-p-cresoi 

aHj-N.! - CJI, N.^- CJI,(CIi,)(OIl). [160'’]. I aqueous solution. 

Obtained by the action of diazo-benzene-azo- 
benzeno chloride (l)y diazotising b<!nzeno-azo- 
anilino) on an alkaline solution of p-crcsnl ; NaOlI and in H.,SO^. HI. sol. alcohol and ether* 
(Ndlting <1. Kohn, J3. 17, 351). Small brown m. sol. chloroform. Its di-acetyl derivative 
needles. SI. sol. alcohol, m. sol. chloroform, ' forms brown glistening noodles, [1H4“J (Wallach). 
benzene, and acetic acid. Dissolves in i {$)-Gompound [220% Microsoopio noedlei. 

with a reddish violet colour. i SI. sol. alcohol and chloroform, insol. aqueoue 

Benzeno-azo-benzene-a20-ethyl-(6)-naphthyl- | NaOTL Dissolves in II, SO, with an indigo-blue 
amine 0*11,— N,- CJl,— N..~C,„TI„.NkEt. | colour, an(f in alcoholic NaOII with a rod colour 

[142®]. Small red needles. Formed by heating ; OValhch, B. 15, 2810), 
ethyl-{|8)-naphthyl-nitrosamine with an acetic i {y)‘Covipound [222^]. Large red noodles 
acid solution of benzenc-azo-aniline (licnriques, Sol. chloroform, v. si. sol. alcohol. It dissolves 

B, 17, 2670). I strong alkalis witli a brownish-yellow colour; 

Benzene azo-benzene.azo.(fl)-naphthol j 

C, H,-N,-C*H,-N,-0,«ri,,()n. From diazo- ' 
tised benzenc-azo-aniline and ()9)-naphthol 
(Niotzki, B. 13, 18.38). Brick-red powder. 

Benzene-azo-benzone-azo-resorcin 


disa$o*pHenoh PhenoUbi^uu<h06n9m$, [181®]. 
Formed, together with benzene-azo-phenol, by 
treating diazo-benzene nitrate with BaOO, in 
the cold, or by the action of diazo-benzene 
nitrate u|K)n a solution of benzcno-azo-phenol 
in KOlIAq (Griess, A. 137, 86 ; B. 9, 628). 
Brown lustrous needles or plates (from alcohol). 
V. si. sol. water, v. sol. KOlktc;, v. si. sol. NU,Aqi 
insol, Na,CO,Aq. 

Methyl ether 0,jr„N,(OMe) [110®], small 
yellow crystals, v. sol. ether, benzene, acetone* 
and hot alcohol. 

Acetyl de rival ive 0,JI,j,N,(OAc) [116®], 
small yellow needles, sol. alcohol, ether, and 
benzene. 

Beneoyl derivative C„H„N,pBz) 
[1.39 ^], small yellow needles, si. sol. cola alcohol 
(Nolting a. Kohn, B. 17, 368). 

Benzene-azo-di-oxy-benzene-azo-bonzene 
CJI*— N,- C*H,(OII).,-N,-CJI,. By the 

action of diazo- benzene clilorido on an alkaline 
solution of benzono-azo-rc.soroin two isomoridos 
are fonned whicli are Boj)aratod by their solu- 
bility in aqueous alkalis. A third isomerido (>)- 
is formed, together with benzene-azo-resorcin, 
by the action of diazo-benzene chloride on res- 
orcin treated with KOH (1 mol.) in dilute 


(a) Cowponnd [216®]. Brown felted noodle*. 
. j DIhsoIvos easily with a red colour in aquooui 


in n,SOj with the same colour. By tin and 
is reduced to aniline and di-amido- 


resorcin. 

j Diacctyl-derivative 
I C,*II,;,N*(OAc )3 [138®], orange needles (Lieber- 

« .T vT « TT VT n Tr T> mann a. KoBtanccki, B. 17, 880). 

0 *H,— N,— Cjr,(OH) 3, Bythoactn»n Benzene-azo-trioxfienzene-azo-benzene 
of diazoti-scd bonzenc-azo-amhn^G on re.snrcmol ' cjI,-N3-C*H(()H),-:r,-C*H,. Phloroglucin^ 
two isome] ides are formed which are separn er! Ycllowish-brown leanets. Pre- 

by their different solubilities in aqueou.s alkali.s. diazobenzeno nitrate on 

(ayCompound [184 ]. lirowniKh r»*d ; p|ji(,j-oglucin (Wcsclsky a. Benedikt, B. 22,6|)^ ■ 
powder consisting of microscopic tables. Dis- ! Benzene-azo-dioxy-oenzeno-azo-naphthalen# 
solvM with a red colour in aqucoiiM c„n,-N, - CJf,(OH)*-N,-C,*H,. [166®]. From 

and m Sol. alcohol, ether, and <]ia7,o-benzeno cliloride and an alkaline solution 

J w : of m-di-oxy-benzone-azo naphthalene (Wallaoh* 
(8)-CompoMwd [216®]. Brown powder. Dts- ; 22) 

solves in alcoholic NaOH with a violct-blue ; ’ ...» ai «« — ... 

colour and in H .SO, with a pure blue colour, 


si. sol. alcohol, ether, and chloroform, insol. 
aqueous NaOH (Wallach, B. 15, 2817). 
Benzene-azo-methyl-pyrrol-azo-benzene 
CJL -N,-C,H.N.Me ~N, -C.II, 
C,H*.N3.g^CH 

probably $Mel [196®]. Formed by 

C,H*N3.C^CH 

the methylation of benzene-azo-pyrrol-benzene. 
^i^latM (0. Fischer a. Hepp, B. 19, 2263). 


Be!izene-azo-di-ox7-b;;nzene-azo-toluene 
C,H,-N3-C„H,(OH),-N3 - C*H.(CH,) ( 1:4]. 
Prepared by the action of diazo-benzene chloride 
on an alkaline solution of m-dioxy-bonzene-azo- 
ioluene, or of diazo-tolucne chloride on an alka- 
line solution of benzene-azo-resoroin ; in either 
case the same three isomerides are simultane- 
ously produced and are separated by mean* ol 
their different solubilities. 

{a)-Comj>ound [196®]. Golden brown needle*. 
Dissolves with a red colour in H,60* and NaOS 

£B 



9^. jd«ob0l M 


Iw 


{t^-OompQund [«41®]. DiMolv«i wifli » wd 
•olonr in U^SOi and in aqueous NaOH. Its 
Ai-aoetjl-aeriTative forms yellow needles, 
(196^. 

{$}‘Oompound [206°]. Urownish - block 
microscopic crystals. Insol. aqueous NaOH, dis* 
•olvcB in 11^80, to a blue solution. SI. sol. alco- 
hol, m. sol. chloroform (Walloch, D, 15, 2821). 

Bensene-axo-oxy-'oymeneazo-benzene 
(V (1)14) (3) (6) 

0 n,-N.-C.HMePr(0H)-N3- CJI,. ThymoU 
bt-diato-hemctie. [108°]. Formed, together with 
benzono-azo-thymol, by the action of diazo- 
benzone on thymol (Alazzara, G. 15, 62, 228). 
Silky needles, sol. chloroform. By reduction 
with tin and IICl, and subsequent treatment with 
FoiCl^, it is converted into oxy-thymoquinone. 

Bensene-aio-o-oxy-toluene-azo-bcnzene 
(1) (3) (O <.4) 

0,H,-N,- CJI,Me(OH) -N, -CJIj. [115°]. Ob- 
tained by the action of (2 mols. of) diazo- 
bonzeno chloride on nii alkaline Kolnticn of 
o-orosol (Ndlting, Jl. 17, 36i). Beddisli-brown 
plates. V. si. Kol. cnU alcohol. Bi.ssolves in 
alkalis with a yellowish red colour. 

Acetyl derivative [121°], yellow needles, 
f. sol. olfiohol, ether, and bciizeno. 

Benzeno-azom-oxy-toluene-azo-bonzene 

<i) (-•) (U (.3) 

0,lLMe(0II) - N,~CJI,. [149°]. Ob- 
tained by the action of (2 mols. of) diazo- 
benzene chloride on an alk.alino solution of 
m-cresol. Boddigli-brown plates. Sol, ether, 
benzene, and hot alcohol, si, sol. cold alcohol. 

Acetyl derivative [167°], small yellow- 
lah-brown needles (NClting a. Kohn, li, 17, 367). 

Beniene-Rzo-di-phenyl-urea azo-benzene 
0,H,-N,~C„H,.NH.C().NII.C„H,-aN,-C«H,. 

[270°J. Formed by tho action of carbonyl 
ehlorido on benzene-azo-anilinn (Ih'rju, If. 17, 
UO-l; C. C. 18H4, 871), Small plates, Sol. 
chloroform and benzene, si. sol. alcohol. 

Beniene-ato-di-phenylthio.nreaazo-benzone 
0,H,--Nj-~0.U,.NH.CS.Nn.0,.H,- N, ~CJi,. 

[199°). Form<'<l a-s a by-product of tlio action 
Of phenyl -mustard oil on bcnzene azo-anilino 
(Berju, B. 17. no.'i), SI. .sol. hot chloroform, 
xylene, and acetic acid, v. si. sol. alcohol, ben- ! 
aene, and CS,;. ^ 

Beniene-azo-pyrrol-azo -benzene I 

O.H, N,-C,n,N-N,-C,lI„ j 

. [131°]. Obtained' 

C.n,.N,.C-=CR 1 

by^mbining (2 mols. of) diazo-benzene chloride 
■ j P.vrrol in alkaline solution. ' 

Bed crystalline solid. Sublimable. M. sol. ' 
ether and benzene, si. sol, alcohol, nearly insol. 
water. Possesses basic properties. Di.s.solves 
in diUiti) llCl w'ith a reddish-yellow colour; in • 
eono. ILSO, with a splendid blue colour. Its 
jloohoUo solution is turned raagonta-red by 
BaOH, retldish- violet by cone. HCl {0. Fischer , 
a.Hepp, B. 19, 22.'>1). 

BeMene.aio-Dyrrol-(j8)-aio-iiaphthaleiie 

0*H,~S,-C,H,N-N, -0„U, i 

n n » L- 


wiib or 6i 

naphthalene dbloride with pyrrol-a«hh( 
in alkaline alcoholio aolutioo. Bed platei, ; 
bluish reflection. 61. aol. alcohol (0. Fisohor 
Hepp, B. 19, 2266). 

Tri - bromo • bensene - aio • di • phenyl • dt. : 
iioindole-aio-tri-bromo-benzene 


C40HjtN.Br, or 


N 

HC-CC,H, 


[150°]. Orange yellow prisms. SolubleJj 
ordinary solvents except water. jgeffllflTby the 
action of tri-bromo-diazo-ben^ffne chloride on 
di - phenyl - di -iso - indole. — B"H,jClj : slender 
yellowish-brown needles (Mdhlau, B. 16, 2490). 

Di . bromo • oxy < benzene - azo • di • phenyl- dl- 
isoiudole-azo-di-bromo-phenol. 

OeH,-~N,-C,H,Br,(OH) 

if 

0,H,C~CH 

OtoHjgN.Br.OjOr | | 

HC C0,H, 

C.H,— N,-~0,HjBr,(0H) 
[198°]. Yellowish-groon prisms. Soluble in 
alcohol, dyes wool orange and silk yellow. 
Formed by tho action of di-bromo-diazo-phenol 
on di- phenyl -di-isoindole, — - short 

metallic glistening prisms, insol. water (Mdhlau. 

B. 16, 2192). 

^'-Cumene - azo- 7n-di - oxy -ben zone- aio-^- 
enmene 

C. H,Mp,-N,- C gH,(On),—N,— 0,H,Me,. 
Formed, together with cumene-azo-resoroiu, 
by combining diazo-cumene chloride (from 
amido-pscudo-cumeno [62°]) with resorcin!. 
(Liobermann a. Kostanccki, B. 17, 882). Small 
rod needles. Dissolves in UjSO, with a red 
colour. Insoluble in alkalis. 

p-Di-methyl - amido - benzene -p-azo - benzene. 
azo-(8)-naphthol 

HO.C,„H,-N,-0,Hg~N,-C,H,.NMer [210«J, : 

Got by pouring a diozotised solution of p-amido* 
bonzono-azo-dimethylaniline hydrochloride into 
a, solution of (iB)-naphthol in NaOH (Meldole, 
C.J.46, 109) Bronzy green needles. 81. aol. . 
alcoholfv. sol. hot 0jH,0.„ benzene, and ohioro. 
form. Solutions in the above solvents are red ; . 
in alcoholio NaOH, red ; in oono. H^SO, green, 
turned blue by dilution. An alcoholio somtion. 
is turned j^lue by HCl. 

p - Bi-methyl - amido-benzene -p - aao -hauMHi#. 
aio-(a).naphthol 

HO.C„H,.N,.O.H N,,C.H,NMe,. Prepared Ilka 
its (B) isomeride (M.). Its proj^rtiee ana 
except that the eolniion In alotdioHo XQBtyli 
violet, li deoompoaea below 90^. 




Btonn 

before melting. Sl« sol. 
„ aiMhol, the solution being reddish* 
®SW® violet, then blue by 

rnddii^ HCl. SI. sol. glacial acetic acid, the 
solution being rod when hot, violet when cold. 
Uli^oble in toluene. Solution in alcoholic 
3,? . }* reddish-violet. Solution in cone. H.^SO. 
U nolet, becoming blue on dilution (Meldola, 
C./. 46, 110). 

l^l-methyl-amido-benienen^tio-beniene-aio- 

phenol 

HO.C4H4~Nj---C^n^ — Nj — C.II^NMoj. Brown i 

po^er, forming a brown solution in aquoqys ■ 
KOH, and a red solution in alcoholic Kra. I 
J^eembles the analogous di-methylamido- 
5 ®”*®“® -P * • benzene - azo - resorcin (q. v.) 

• • \l4«ldola, C. J. 45 , 111). ' 

• amido -bensene - aso - toluene • a*o- 
(^)-naphthol (2) (D (4) 

0,H,(NMe,)-N,-C,n,Me-N,-.C„n,.OII. 
From diazotised di-methyl-ainido-linizcno-azo- 
p-toluidine and r/3)-nai)hthol (Wallach. . 4 . 2 : 14 , 
388). Red neodlea (from chloroform), insol. 
water. I 

Oi-methyl-amido - benzene - azo - toluene - azo - • 
phenol (3) ( 1 ) ( 4 ) ! 

C4H,(NMeJ-N, -C,H,Mo~N,-C JI.OH.flfiO^l. ; 
From diazotised C,H,(NMe,)— N,— C.II,MoNJl., ' 
and phenol (Wallach, A. 234, 357). Orange 
needles. 

(a) . naphthalene • aio - pyrrol - (a) - azo - 
naphthalene CjoH, -N,— 

o„H,.N,.c=cn 

probably ijlH I . 

C,oH,.N,.C=OH 

Formed by adding (o)-diazo-naplUhalono chloride 
(3 mols.) to an alkaline solution of pyrrol (1 mol.). 
Metallic-glistening needles. Sol. alcohol with a 
dark yellowish-red colour. Dissolves in cone, 
IIjSO, with a blue colour (0. Fischer a. Hepn. 

J5. 19, 2255). 

(3)-Faphthalene-azo-pyrrol-(i3)-azo-naphthal- 

one 

C„H,.N,.C:=CH 

probably ijlll | . [288°]. Formed by 

^ C,„n,.N,.C-CH ^ 

adding (8)-diazo-naphthalene chloride (2 mols.) 

*0 an alkaline solution of pyrrol (1 mol.). 
Glistening coppery plates. SI. sol. alcohol 
The alcoholic solution is turned reddish-violet 
bv oono. HOI. Dissolves in cono. with a 
blue colour fO. Fischer a. Hepp, B. 19, 2256). 

m-Fitro-Denzene-27.aio-benzene-(a)-azo- (8) • 
aaphthol NOAH4 0„H,.OII. 
[0.218°]. From diazotised NO,.C,H,.N,.C,H,.NU, 

V and (8).naphthoI. Small yield (Meldola, CfJ. 

46, 113). Orange crystals with green lustre. ; 

V ^Intions in 0.11^0, and in toluene are orange ; j 
in alcoholic NaOH, violet ; in cono. H^SO, green, j 
tamed blue on dilution. 

m-Hitro-benzene-(a)-aio-naphthalene-(a)-azo- 
‘ W-naphthol 

— N| — C,^g— Nj— C,^,.OH. A dark 
imoiphouB powder. Solntions in toluene, chloro- 
:N^|b|tttasd gfiaoial acetic acid are red; in cono. 

indigo violet, becoming blue on 
in aloobolto potash, greenish-blue 


From m.nitro.benien6-(«).aso-(K).napht!»l* 

amine by^iazoUsing and treating with fi). 
naphthol (Meldola, C. /. 45, 1151 Minute 
bronzy needles (from toluene). Blackens at 
245°. Insol. alcohol or glacial aootic acid. Solu- 
tions m chloroform and in hot nnilino arc violet: 
in toluene rod when hot, roildish-violot when 
cold; 111 boiling alcoholic* KiHl, blue ; in oono. 
IfiSO,, olive colour, on dilution, blue and then 
violet. 

m-nitro - benzene- (a) - azo - naphthalene • ate • 
Mioroin NO,.O.H, N,,-C,.H„-N, -.C.n.(OHl„ 
Bronzy powder, not very soluble. Solutions in 
boiling alcohol are reddish ; in glacial aootie 
acid, toluene and chloroform, orange; in aqueous 
or alooholio KOH, bluo ; in cono. 11 .SO,, green, 
Ranging to bluish-groon on dilution (Meldola. 
C. J. 45, IIC). ' 

n- Nitre - benzene-ozo-m-xylene-azo- fo) -nanh- 
thol NO,.C.n -N.,-C,ILMe,~N,-- cSJlL 

Preparation and properties are similar to thoie 
of the preceding (8) -compound. 

Sulphonic acid 

NO,C.H,-N,_O.H,Mo,-N, - C,.n,(SO.II)(OH) 
bimilar to the corrcsj)onding (8)-ooinpound, but 
dyes reddish-brown. 

p - Nitre • benzene - azo - m • xylene - azo • B - 
naphthol 

NO,.O.n,-N,-O.H,Mo,-K,-0„H,OH.[a78*]. 
iToin NO,.C.H,-N,-O.II,Mo,NU, by diuo. 
Imtng and treating with sodium (8)-naphthol 
(Meldola, C. J, 43, 434). Grerm scales (from 
toluene). Scarcely soluble in alcohol or glacial 
acetic acid. I’orms a crimson solution in boil- 
ing aniline or nitrobenzene, and a green solution 
in oono. H|SO„ turned violet by dilution. 
Sulphonic acid 

NO,.0«H,.N,.C„H,Me,.N.,.0„H,(OH)SO,H. Gotby 
using 0,„Hi0H)S0,H. Dyes olarct-red. 

yi-Nitro-Denzene-azo-m-xylene-azo-phenol 
N0;{.CgH4 — Nj,— CgH.Mej— Nj— OgH,.OH. Orange 
powder.^ 81. sol. alcohol and benzene, v. sol. 
hot aniline. Solutions aro orange. Solution in 
alcoholic NaOH is reddish-violet. Solution in 
cono. H^SO, is blue (Meldola, 0, J. 43, 480). 
yi-Nitro-Denzcne-azo-m-xylene-azo-reioreia 
NO,.OgH,— N.,-CJI,Me,-N,-C,II,(OH)„ • 
[231°],^ Brown powdof. Forms orange solution# 
in boiling alcohol, tolueno, and glacial aootis 
acid. Solution in alcoholic NaOH is red, turned 
violet by excess of NaOH. Cone. H,80| form# 
a blue solution (Meldqla, 0. J. 43, 430'/; fM' 

p-Oxy-benz§ne.;i-azo.benzene-(a).azo.fa).i|jip||-’ 
thol C,H,(OH)- N,-C.H,-N,-:d„H,.Oft. 

From diazotised /> amido-bonzene-azo-(«)^ 
naphthol and on alkaline solution of phenql? 
(Meldola, C. J. 47, C<55). Dark amorphoiui 
powder. Us solution in cone. HjSO, is indigo* 
blue; in boiling toluene, orange; in aleohoL 
red; in KOHAq, dull red; and in tloobolk4 1 
NaOH, deep claret colour. 

p - Oxy- benzene - p - azo - benzene.(a).MO.f/tt- ■ 
naphthol HO.C.H.^N,-C,H,-N,-~il„HJOm^ 
[225°], From p-amido-benzen§-azo (8)'najplithol • 
by diazotising and mixing with an aikaliai' 
solution of phenol (Meldola, C. J. 47, 666). U - 
warty oonoretions. Its solution in cone. ^ 
is Uaiih-green, and beoomss violst on dil«tio»-' 

val 





tUHiattw iatK^iolotii^ or InAingali)^ 

II viL Iti golution in KOHAq is reddish-Tiolsi ' 
-bsMsne .p. aio.beiii«ae.(a).aio.(«). 
OiplltlLOl _ 

[4:2:1] C,H,(OH),-N,.-C,H,~N,--C,oH,(OH). 
Formed by mixing diazotisod jp-amido-benzone- 
»zo*(o)-naphthol with a solution of resorcin in 
dilute NaOH (McMola, C. J, 47, 665). Bronzy, 
green powder ; si. sol. toluene and acetic acid, 
forming a red solution. Its solution in KOHAq 
is blue; its solution *in NH,Aq is violet. It is 
decomposed by heat without fusion. 

m.Di-oxy.benzene-2).azo-benzene>(a)-azo-(i3). 

naphtbol 

14:2:1] CJI:(OU),-N,~CJ£,--N..-C,«H,.OH. 

From diazotised p-amido.bcn7.ene-azO'(/3)-naph- 
thol and an alkaline solution of resorcin (Meldola, 
C. J.47, 66(1). Bronzy -green powder. Its solu- 
tion in cone. is deep bluish-green; in 

dilute aqueous alkalis, violet. SI. sol. toluene 
forming a red solution. 

m- 0 xy-boi>zene.azobenzene< 2 >aio-phenol 
[8:1] IIO.OJI, N,~C„Hr [1:41. 

I)ark powder. Easily soluble in alkalis. Formed 
by diazotising ainido benzene-iu azo-phemd 
(CJI,{Oll)— N^— CrtHj.Nn.) and combining it 
with phenol (Wallaoh a. Sehul/.o, li. 15, :t02l). 

»- Oxy -benzene-axo-bentene-p azo phenol 
[4:1] N., C,Jl,.()ll [1:4!. 

[o. From diazotised aini<lo.lM.*nzenc-j»- 

azo-phenol and a solution of phenol in dilute 
alkali (Meldola, C. J. 47, 660). Amorplious i 
brown powder. Its solntion in cone, 1I,.S0, is 
violet, unchangt'd on considerable dilution ; v. 
lol. NHj,A<i anil KOHAq forming a rod solntion; 
insol. boiling toluene; forms an orange solution 
in hot piienol or aniline. 

m - bi . oxy - benzene - p • azo - benzene • azo - re- 
•oroin • 

t4:S:t] (VU(On),-N, (!,H. N,-(^n.(OM). [I;?:!!. 
From diu'/oliiied 2 >-nmido-benzejie azo re.mroin 
and an alkaline solution of resorcin (Meblola, 
0. J- 47, (161). Hull bronze-like powder, v. si. 
aol. oleobol, insol, tidmuie. Its solutions in 
oono. II, SO, and in alkalis are violet. 

Oxy - oarboxy - benzene • azo • bonzene-(a)-azo- 
(i9).iiaplithol 

(4) (3> (t) 

c„ii,(co.H)(on) - N, oji, N:N c.jyoii). 

[abovo 255 ']. Irom diuzotisod /’-ainido-benz- 
ene azo-.sulieylio acid niei^nn alkaline solution 


47, 664), Green lomoos nowdw; y* ti lol 
fflacud HOAo, aleohol, and toluene, m. soL 
boiling aniline, forming a red solution. Its 
solution in NaOHAq is bine, in cone. H,SO. 
blue, turned violet on dilution. With AOjO and 
NaOAc it forms on heating a di- acetyl 
derivative. 

(/9)-0xy-(a)-naphtlialene -p - azo • b6nxene-(a). 
azo.O)-naphthol 

(3) (a)(1) (4)(a) (g) 

C,oH.(OH)-N;N-C.H,~N:N-C,oH«(OH). 
[over 275°]. From diazotised j}-amido-benzene- 
azo-(i8).naphtholand an alkaline solution of ()8). 
naphtbol (Meldola. C. J. 47, 664). Dull bronzy 
powder, or green needles (from hot aniline). 
Insol. boi’ing alcohol, or NaOHAq ; sol. cold 
alcoholic NaOH, forming a violet solution. 81. 
sol. hot toluene forming a magenta solution. 
Cone. H-^SO, forms a blue solution, tuiuifc 
violet on dilution. 

(a) . Oxy -naphthelene-jp-azo^rtniEene-axo- (^)- 
naphtbol 

(a) (a)(1) (4)(a) „ (S > 

C,„H„(0I1)-N:N-C«H,— N;N-C,oH«(OH). 
(2d6'^J. From diazotised p-amido-benzene-azo* 
(a)-naphthol and an alkaline solution of (iS)- 
naphtho! (Meldola, C?. J. 47, 665). Dull bronzy 
powder, v. si. sol. boiling alcohol ; m. sol. boil- 
ing toluono and glacial acetic acid forming 
violet solutions; cono. H.,SO, forma a blue solu- 
tion, becoming violet on dilution. 


-Oxy-naphtbalene-p-azo - benzene - axo-(jB)* 


napnthol-di-iulphonio acid 
(a)(l)^^^ (4) 


(a) (a)(1) (4) (S) 

C,.U,(OH)-N:.V-C,n.-N;N-C,.H.(S0,n),(0H). 
From diazotised p - amido - benzene • azo • (o)- 
naphtbol and an alkaline solution of (/3).naphthol 
di-anlphonio acid. Its sodium salt is violet and 
gelatinous; it is an imligo-bluo dye (Meldola, 
C'. ./. 47, 665). 

{$) - Oxy - naphthalene - azo - benzene - azo (jS) • 
naphtbol di-sulphonic acid. Is similar to the 
last body, but of greater stability (M.). 

Oxy.di-snlpho-naphthalene-azo-bonzene-aio- 
(/3) -naphtbol di-sulphonic acid 
C,„U.(.S0,n),(01l)-N,-C.H.-N,-C,.H.(S0,n),(0H). 
Glistening greenish needles. Dyes w'ool and 
silk a deep indigo-blue, which, however, is very 
unstable to light. Is prepared by diazotising 
the inono-acetyl derivative of p-phenylene-di- 
i.r I ,,, ,, , , r ,r ; amino and combining it with (/3) -naphtbol -di- 

of (/^)-imphthol (Mrldolii, C. J, I/, ('hH). Minuter sulphonic acid (modilication insoluble in spirit), 
brown need 08 ifrom iHU ing ' . si p^^^uct C,H,(NHAc).N,.C„Il4(0H)(S0,H)^ 

sol. boiling tohieiui, b 1. sol. altluhol and glneiul i which is a scarlet colouring matter, is saponified, 
| I •'''0 , 18 greeiiKsli- j diazotised, and again co.nbined with (j8)-naph- 
blue, changing to 'loiot on dilution. Its solii- i thol-di.8ulphonicacid{Niclzki,Z?. 17,344; 1350). 
turn in KOHAq ib reddish-violet. i ' 

Oxy - cyraend - azo - tri - phenyl - metbano • azo- 
tb) rool 

1 a ;3 .4 ; n C,I ! .MoPt ( Oil) - N.- C.Tl 

i:i;.ii,M,-rn0!O n,- "* 

[170°1. Foinnul by mixing diazotised di.amido- 
iri-plunyl-niothani' liydroehloridc with an alka- 
line solution of thymol ^Muzzaru, tr'. 15, 44), 

Amorphous black powder. After reduction and 
oxidation it gives thymoquinono. 

(a) - Oxy - naphthalene - n . axo - benzene - (o) - 
naphtbol 

(a) («)(4) (1>1«) («) 

C,.H,(OH)~-N;N-C.H,-N:X~C,JI.,{OH), 

Formed by diazotising /? - ainulo-benzene-azo- 
(«) •naphtbol and mixing the product with an 


Phenyl - amido - benzene 2 > • azo - benzene-aio- 
(3) naphtbol 

• HO.C,„H,-N*-C«H,-N,-C«n,NHC,Hj. 
[204°]. From j|)-amido-benzeno-azo-di-phonyl- 
amine Uy diazotising and adding sodium {$)• 
naphthol (Meldola, C. J. 43, 442). Warty soalcf 
with bronze lustre. SI. sol. boiling alcohol, v. 
sol. benzene. The solutions arc red. In glacial 
acetic acidethe solution is red when hot, violet 
when cold. Solution in cone. H.^SO, is greenish- 
blue, solution in alcoholic KOH is red hot 
turned blue by HCl (characteristic). 

Phenyl - ethyl - amido • benaene . aao-besseiiai 
azo- (0) -naphtbol 

0,H^NEt.OA, 







tfWI i»4biid4ittvo-bMit 

t^l Ji-ph«»l-aiiii]i«, redaeing with •mtuo- 
oinm nupbiae, diuotiiing the prodaot end 
treating with (/S) - naphtha Bronzy powder. 
Bolatione in alooholio KOH, alcohol, and ben- 
zene are red ; in cone. H..SO4 indigo-blue, turned ! 
bright blue on diluting. HGl turns the alcoholic | 
aolution blue (Meldola, C. J. 45. 111). 

p - Snlpho • benzene - azo • benzene • azo • (/3)- 
iiaphthol-(d)-snlphonie acid 

From diazotised p-aniido-benzene-azo-bi'nzene 
anljphonio acid ana an ainmoniacal solution of 
sodium (j8)-naphthol 'a’-aulphonio acid (Buyer 
a. Co., B. 16, 1351). The sodium salt is a scark-t 
dve (orocelne scarlet). Gone. H,SO, forms a ! 
blue solution. The absorption spectrum has j 
been studied by Hartley (6\ J. 51, 195). 

p-Bulpho - bentene-azo-benzene • azo -tolylene 
cUaniine 

C,H*(SO.Hj^ V -C.Hj— N,-C,II,(NH,),. Red- 
dish-orown microscopic needles. Formed by 
combining diazo-benzene-azo-bonzciic-p-siil- 
phonio acid with tolylcnc-diamiuo (Griess. 1). 
16, 2036). 

Snlpho -benzene-azo- di-phenyl-di-isoindule- 
aio-bencene salphouio acid 

C,1I,~N, -C.ll,(SOJI) 


04,H„N,Sa0, or 


0,11,0 - CH 
lie - CC,H, 


C,H,-N,-0,H*(S0,n) 
Formed by the action of diazo-bcnzenc-sulphonio 
acid on di-phenyl-di-isoindole. Metallic glisten- 
ing brown scales. Very slightly soluble in all 
solvents. Dyes silk and wool nearly the same 
shade as chrysoulino. On reduction it gives 
sulphanilic acid and di-amido-di-plu-nyl-di-iBO- 
indole. 

Salts.— A"Najaq : yellow plates.— A"Ag, ; 
red prisms IMbhlau, B. 15, 24951. 

Snlpho • oenzens-azo- 8nlpho-Denzeoe-(a)-azo- 
0)-naphthol 

0A(S0.H)-N,-C,H,(80,H)-N,-C„II,.0II. 
F^m diazo-sulpho-benzeno-azo-bonzeno sul- 
phonio acid and an alkaline solution of (/9)- 
naphthol (Nietzki, B. 13, 800). The sodium salt 
is a red dye (Biebrich scarlet). Cone. ILSO^ 
forms a green solution. Its absorption spectrum 
has been studied by Hartley (C. J. 51, 194). 

Snlpho • bentene • aso-iulpho • benzene - (/3) • 
aso-naphthyl-p-tolylHunine (* Wool-black *) 
0,H,(SO,H).N,.C.H,(SO,H).Nj.O,^.NHC,Hf. 
Xhe coml. product is a bronzy powder. V. sol. 
hot water with a violet-blue colour. Dissolves 
in oono. HjSOiwith a deep indigo-blue colour. 
Formed by combination of diazotised amido- 
snlpbo-benzene-azo'benzene-sulpbonic acid with 
p-tolyl - (^) - napbthylamine. By bailing with 
mod^tely dilute H^SO, it is decomposed into 
tola>(a/9)-naphUiazine [ICO""] and amidoazo-benz- 
•De-di-salpbonic acid : 
aA<SOjtt>-ir,-CA(80,H>~N,-C,A.NHO,H,- 


OThf <ht aii4 ialti hn i&iolohlo hlaok ppi. 
(Witt, B. 20. 579). 

p-Thlnoae-aio-m- diamido .benttno-ato * (d)* 
aaphthalssi 0,H,-N,-C,H,{NH,)a~N,- 0,*H,. 
Formed by the combination of p-diazo-toluene 
with (d)-naphtbalono-a20-m-pbonyloue-diamiQS 
(Qriess, B. 16, 2031). Small red glistening 
plates. V. sol. chloroform. 

jD-Tolnene-aso.ethyl-pyrrol-p-aio-tolne&s 
C,H, - N,— CJLNEt- N,-C H„ 
6,H,Mo.N,.C-CU 

probably ^lEt] [180'’J. 

C,ll,Mo.N,.C^CIl 

Formed by ethylation of tolucne-azo pyrrol azo- 
toluene ; or by combining diu/o - p - toluene 
chloride (2 mol.) with ethyl-pynol (I mol.) in 
alkaline solution. Ste(>l-blna needles. Nl. sol. 
alcohol (0. Fischer a. ll<']ip, li. 19, 2254). 

Tolnene-azo-diozy-bsnzene-azo-tolueno 
C,H,— N,-~CJI,(OH),-N, - 0,11,. By the action 
of p-dia/.oiolncne chloride on an alkaline solu- 
tion of ;)-toliiene-azo-rc8orcin two irtoimfridi*s 
are fiunied which are separated by their dif- 
ferent solubilities in alkalis. 

(aj-Compound (256'^}. Y(dlow felted noodles. 
Sparingly soluble in alcohol and cold chloroform. 

(B) - Compound [203'’]. Brownish - black 
microscopic needles (Wallach, JJ. 16, 2825), 
Toluene-azo-trioxybenzeneazo-tolueno 
0,H,Me— N.,- 0, . 11(011), ^Nj-0,II, Me. Long 

red needles.* Frepured by the action of diazo- 
toluene nitrate on phlorogluoin (WoselaUy a, 
Beiicdikt, B. 12, 227). 

Toluene-azo-pyrrol-azo-toluene 
C,ll,-N,-CJI,Nri N,~C,H„ 
C,H,Me.N.,.g-.CJI 

probably IjUll . [179'^j. 

CJI,Mn.N,.a-.CIl 

Formed h^^duing (2 mols.) diazo-p-tulueiiochlo. 
ride to an alkaline solution of pyrrol (1 moh). 
Bed prisms with steel-hluo rellex. HI. sol, 
alcohol. Its alcoholic solution is turned reddish- 
violet by cone. HCl. Dissolves in cone, 
with a blue colour (0. Fischer a. llepi>, IS, 19, 
2254). 

Tolueiie-o-azo-tolueue-azo>(a)-naphthol 
(4) (I) Vi) fa) 

0,H,(CU,)-N.,-C JI,(CJ f,) -N,- 0„IJ,(0H), 
N-N~C.„1I.(011) 

or C.n.(CU,)< I i, .[210°]. 

\N-f C,H,(Cir,) 

Formed by combination of o-diuzo-azo-toluenf 
with (a)-naphtliol. Brownish-red needles (from 
aniline). Si. sol. ordinary solvents. Insol. 
aqueous NaOH, sol. alcoholic NaOlt' 'ftuu* a 
violet-red colour. By KiiCJ, it is slowly reduced 
to amido-(a) imphthol and tolyl-azimido-toluene 
C,H,:N,.C,H„ together W'th small quantities of 
rj-toluidino and tolylono-o-diamine (Ziiicke a« 
Lawsnu, B. 20, 1178). 

Toltteii6-o-azo-tolaene-azo-(/9)-naphthol 
f4» (1) <6) (2) (/!) 

C.H.(CH,)-N.,-0,II,(GH,)-N,-C,„H,(OH),or 

v-N-C„II,(OH) 

C,II,(CH,)< I I . [177®]. Formad 

\n-N-C,H,(CH,) 

by combination of o-diazo-azo-toluene with 
(/9)-napbthol. Long dark-red four-sided prisma, 
with green reflex. V. sol. benzene', and ohloro* 
form, tl. sol. alcohol, acetone, and petroleum- 
spirit. Dissolves in alcoholic KaOH only sli^Uy. 





d;H,:N,,OA*iog6Uwr 
WlUi tm^ qoMiitiet of |>-to]aidino *na toljlt no* 
O-auunine (Zioolce a. Lawson, J3. 20, 1179). 
Tola 0 af« 2 )>aso«to 2 ueoe • ato*d'naphtbol 

[186 1 onruid by combination of y;-diazo-a 20 - 

toluene with (/<)-naphtliol. Deep-ml needles. 
V. sol hot alcohol and benzene. By SnCl,. 
ft IS easily re.luced, giving (a).anudo.(/i)*naph- 
tulylene-y).diamine 
(Ziiicke a. Lawson, B. 20, 

Toluene-o - szo - toluene -azo - (fi) - naphthyl- 

the corresponding hydraziiiiido'/onnultt. r2d3'^j. j 

Fonmid by combination of o diuzo-toluene-azo- ' 
toluene with (0) - nnphthylamino. Dcop-nd 
glistening plates. V. sol. bonzeno and chioro- 
form. By SnCi, it is reduced to tolyl-azimido- 
tolueno and (probably) naphthyl- 

ene-o-diumino (Zincke u. Lawson, B. 20 1180) 
AZO- COMPOUNDS, TEBTIAKY. 
0«7-b«tt,«B«.i).aio-beMeB«.(a).a80.naphthiil- 
ana-aao-plienol 

V,- r.TI. -N, 0, I! -W ir nrr 

and aildiMK Bodio phcmito (Meldola, C. J. 43 
4»J). 1 u I broiizy.«rccn powder. Forms 

orango solutions with boiling aniline or tolueno 

Brown powder. Its solutimm a^o ffi rod’ in 




s>i^ V I wniuuuna are aull rod in 

Ho.Oi.ir, N\ (',11, (^,ir, -N ,— 0 TT on 

«{»ra,ed by eryshllli'silt'L tmtt“n^l> 
iMtro! " “''‘"‘"‘‘''’e M needles with green 

iaMhm„",fV'*l’ I'laolublo 

K . i - J-tgsLyars:- 

solufoi “ Wue 

liouMl’ in tho above 
Wlot il en b rni”’’"'.""* “otio acid 



Son in ah'oludio “ bluesolu- 


Igh^tktU . .,. :.s.. 

NH|. 0 gH 4 .Nj|.CjBI[,M 62 N]^ by diaioUsiljM 

43, 439). Small green needles (from j^IomL 
Its solution in aniline is reddish-violet : in 
xylene, violet; in hot alcoholic KOH. bluiaS! 
violet; incono. HjSO« greenish-blue, becoming 
fnTi « insoluble in alcohol ^ 

in glacial acetic wid. Its sulphonic acid dyes 
silk and wool dull violet. ^ " 

Tri-oxy-tri-naphthalene-hoxa-axo-tri-phenyl. 

diazotised para-rosanihne and («). or (D)- nanh. 
solution (Meldola, a 

I bb8). Orange amorphous powders. SimiUp 
I "impounds may be got from ordinary rosanilini 
They dye silk and wool orange. 

The azo. dye-stuBw 

and its ismoIoguM 
(Congo-red, bonzopurpurino, uvjflapwurina. 
benzaurme, ohrysamine, benzazurino.'&S hwre 
the sjiecial charaotoristio of dyeing ootton with. 

tho depends upon 

«io constitution of the diphenyl molecule tor 
benzidine itself (and other diphenyl basest 
readily combines with the cotton iibre.^ This ia 
easily shown by allowing cotton to soak for 24 
hours in a cold solution of benzidine hydro- 
chloride, wringing drying at the ordinary tern- 
?n Id wl!' *f ’“ng thoroughly with hSt and 

‘•’“a “ordanted with 
of”®/* ‘•"■nneh a dilute solu- 
tion of nitrous acid, and finally treated with a 
hi */”“ a* (“)''’l‘P>'‘hylamino-sulphonic acid it 
2 S 14 ) ^ ' Congo-red (MOhlau, J. ij' 

Tetrazo-diphcnyl (diazotised benzidine! 
forms red dye-stuffs by eoliibinalion with (a)! 
an«l (^)-mono.sulphonio acids of (i8)-naDhthol 
or with the O di-sulphonio acid. The^B di- 
Bulphonio acid (Na salt insoluble in spirit) 
however exhibits a very peculiar reaction. One 
mol of tetrazo-diphenyl combines with one mol. ’ 

fir 1 “ ^Vl forming a dye-stuff which 

IS red. If two mols. of the sulphonate are taken 
one mol remains in solution unused. If now tlie 
ppcl. red colouring matter is healed with the 
iiiother liquor, the second mol. of di-aulphonata ■ 
T «P and a blue colouring matter is pro- ; 
ucc , A Similar reaction has been observed 
17 di-amido- bodies (Schultz, B, 

the tetrazo- derivatives of diphe. 
nyl, ditolyl, (tc. (obtained by diazolising benx- 
laine and its homologues) can combine with 
either one or two molB. of a phenol, amine, 
or itheir sulphonic and carboxylic acids. Tht 

compounds with one mol., viz., R"<n*‘r?. 

tolerably stable, and sparingly soluble: by 
boiling With water or with alcohol the unoo^ ' 
biiie i diazo- group is replaced by OH or bv 
l»a!f*<!onjugated diazo- com- 
pounds readily combine with a second mol 
of phenol or amine, so thatmixed azo- compoondt 
can be thus obtained. The latter bodm are 
CO ounng-mattere of various abodes, and < 
loov “ T?r without a mordant (Lanmu & 

1«U7 ; MarUus, B, 19, 1706), ^ 





At.)'obWMl'l(r .W..UBB 
w J* i *?•* Pl>*^ •mine or leepeo M w 
lw{ii|UN!uii MiCy or one mol. of one amine <Mr 
IpoM^and one mol. of another, with the tetraio* 
Oom|Mand derived from di-;>*amido-di<pheQjl* 
ttimeneor its sulphonic acids, have the property 
of dyeing unmordanted cotton from a soap bath. 
Hie compound from (a) 'nap}ithol-Bu]phonio acid 
dyes cotton a bluish -violet, (/8)-naphthol.B-di. 
®^phonio acid a blue, (a)-naphthylanune>8ul- 

E nio acid a red salicylic acid a yellow, »tc. 
ader a. Schultz, if. ly, 3234). The di-amido- 
vativos of Huorene also give colouring 
matters which dye cotton. To the class of 
cotton colours also belongs the compound which 
has recently been introduced under the name 
of ‘Primuliue.’ This body dyes unmordanted 
cotton from an alkaline bath a greenisli yellow. 
It is an amido- compound and may be diazo- 
tised upo.. » Uie fibre. By treatment of the 
cotton thus prepared with solutions of amines 
or phenols, fast colours (red, orange, and brown) 
may be produced (Green, pn'y. com.). 

TBIAZOL, A name given to the hypo* 

UN N 

I 11 

Ihetical or HC CH 

(Bladin, B. 19, 2598) (v. PjiKNYL-irETHTL-TRUzoL 
and Cyano*i>iienil uethyl-tuiazol). 

AZO-MECONIC- ACETIC ACID v. Dioxy- 
tarboxy * methyl’phtfiaUde • AZo*d ioxy -phihaluie- 
acetic acid. 

AZO-DI-METHYL-HYDKOaUINONE i'. Di- 

Pxy'bemciie-kZQ-hydn q uUioHe. 

AZO-NAPHTHALENE v. Naphthaloic-kzO' 
naphthalene. 

TETBAZONES. Compounds of the form 
B 2 ;N.N:N.N:Il 2 obtained by oxidising unsym- 
metrical di-alkylated hydrazines {q. v,). 

AZONIUM BASES. Compounds of the form 


I wifi*'*'*'.. 

hina o yrt i llfae ooIoariBig«fliat|ari Iht''’- 
somtlonsofwhiohhavBabcautifuliM flaoraieMiat 
and a chariMtcristio absorption spectrum. By 
rednetion with SnCI, azopheninc yields anillns 
and a sparingly soluble hydrochloride of an 
unstable base. The latter, when set free by 
alkalis, rapidly absorbs oxygen from the air, ana 
changes into a new oolouring-matfor, the salts 
of which are indigo-bluo (Witt, if. 20, 1638 j 
Witt a. Thomas, C. J. 43, 112). 

AZO-PHENYL ACETIC ACID v. Exo ear> 
boxy-tol uenc’kzo-phenyhacet ic ac id. 

AZO-DIPHENYL BLUE v. iNiti LiNK, 

AZO-PHENYLENE, now called PintvAttiiu 

{q. V.). 

AZO-PHTHALIG ACID v, Di~Ciirboxy» 
hcnzcm-kzo-phthalic acid. 

AZO-PYBOMELLITIC ACID 0,N,(CO,H).. 

Tetra-ethyl ether [134°]; glis- 

tening red trimotrio tables; easily soluble in 
alcohol, ether, and acetic acid, insoluble in 
water; sublimable. Formed by reduction of 
di-nitro-mellitic ether with zinc-Just and acetic .. 
acid. It forms an unstable colourless hydro- 
chloride (Nof, if. 18, 2806). 

AZO-BESOBCIN t>. llKsoncnr. 

AZO-BESOBUFIN v. llBsoiiont. 

AZO-TOLUENE v. Toluene^kzo-tohune. 

AZO-TOLUIDINE v. Amydo-toluene-kti^ 
toluiduie. 

AZOXIMS. Amidoxims, R.C(NOH).NH„ ax« 
produced by the union of hydroxylamine with 
nitrilofl; these react with acid chlorides, 
lV.CO.Cl,oranhydrideB,(U'CO),,0, with formation 
of alkoyl derivatives, ll.C(NO.CO.IV).NH„ whiob 
under suitable conditions (application of heat, 
or boiling;with water) split off water and change 

into szoxims The asoximf 




NH,.NRIlir(OH) (Fischer). The name has been 
also applied by Witt {B. 20, 1183) to compouzids 
.NlV(Oll) 
of the form X"^ 

^ AZO-OPIANIC ACID is amido-homipio anhy- 
dride, V. IlEMIi'lC ACID. 

AZOPHENINE [237°]. Is formed 

hy the action of a variety of azo- and nitroso- 
sompounds {e.g. benzeuc-azo-aniliue, tolucne- 
izo-toluidine, phenyl-amido-benzcno-azo-benz- 
me, ohrysoidine, diphenyl-nitrosamine, nitroso- 
U*methyl-aniline, Ac.) upon aniline (Khnich, B. 
1, 1026). The best method of preparation con* 
lists in warming an acetic acid solution of ani* 
ine with a nitroso* compound {e.g. nitrose-di- 
neth^l-aniline) filtering off the crystals of azo- 
zhenine, washing them with alcohol and re- 
irystallising from aniline or nitro benzene. If 
he aniline is replaced by its homologues, the 
tomologues of azophenine are obtained. It 
pirms unstable salts of violet coloa**. It cannot 
ta aeetylated. Cone. H,SO, at 100° yields a 
ulphoiiio acid crystallising in violet needles, 
rhleh^ form brown crystalline salts. By heat- 
BNWith aniline hydrochloride it is converted 
indnlinc (a * «.). By heating alone at 
t k Mfcried .into aniline, a violet intcr- 


aro very volatile in the vapour of other liquids 
_ or in air ; many of those boiling above 200° art 
! volatile even in vapour of ether. They sublimt 
at the ordinary temperature of the air (Tiemans, 
B. 18, lOCO; 19, 1476). 

Chloroformio ether acting upon bonzamld- 
oxim produces an azoxim which has the 

character of a lactam, 

PbonyI*acet*anltCoxiin , 
j Ph CH3.C(NOH).Nir„ 

j does not produce azoxims so readily as beiis-amld' 

! oxim, Ph.C(NOJl).NH^, but phenyl- aeryJ-amid^ 

! oxim (cinnamidoxirn), Ph.CH:CH.C(NOin.NH„ 
produces them with great ease. 

7u- Amido-benzeuyl-asozim-bensenyl 

c.n.(NHj.c<^’';®^c.r.H.. [148°]. Fora«A ly| 

reduction of tn-nitro-bcnzenyl-azoxim-bcnscilli 
with alcoholic ammonium sulphide. Orystl^ 
lises from alcohol or sublimes in long nccdltii 
y. sol. alcohol, ether, benzene, and cblorofonvk 
insol. ligroin and w'ater. By nitrous acid Hil 
diazotised. 

Salts. -B'HCl; very sparingly solttMti--^ 
j B'jH.Cl^tCl. : sparingly soluble pp. - - 

{ Benzoyl derivative 0,4^0N,{NBBit| 

1 [218°] ; needles ; sol. boiling auwhol, ethdr, lUp 
I benzene, insol. water and ligroin (S^ditfrZ 
( 18 . 8478 ). ' — r-.-? 





0A-< 


rUNBte-ktMMjl 

jj ^C.O,Hv [108»]. («90»). VoUUto 


with itMim. SnblimM in long white neodlofc 
V.D. (11 «1) 113-3. V. 8ol. alcohol, ether, and 
Unzone ; v. si. sol. water. 

Formation.— 1. Uy heating the benzoyl <leri. 
▼ative of benz-amidoxitn - CjHyC(NHj):N.01iz. 
8. Bv beating benz-amidoxim with benzoic acid, 
or with benzotrichloride. 

Reactions.— It isittri extremely stable sub- 
stance, being unattackod even by strong HNO, 
or H,S()*, Long boiling with tin and HCl 
reduces it to bonzonitriie (Tiemann a. Kruger, 

B. 17, IfiOl). 

Ben*enyl-azoxlm*bensenyl-o-carboxyIic acid 

C. n..C<’^N">C.O.U..CO,,H. [151"). Formed 
by melting together benz-amidoxim and phthalic 
anhydride. White glistening needles. V. sol. 
alcohol, ether, and benzene, v. si. sol. water 
and ligrotn. 

Halts.- A'Ag: white crystalline pp.— 
A'.2lla4a4: platos or miorosenpio needles.— 
A'^Cu : bluish-green pp.— A'PbOU: white ; 
granular pp. * 

Ethyl ether.— \'Ei : heavy yellow oil. 

ylnut/r.-C„ll„ON,.CONJl,: [1G0% mioro- 
scopio needles (Schulz, B. 18, 21(13). 

Benzonyl-azoxim-benzenyl-m-carboxylicacid 
[218®]. Formed 

by heating benzamidoxim tn-carboxylic acid 
with BzCl (G. Miiller, B. 10, 1427). White 
orystallino powder ; sol. alcohol, insol. water. 

Benxenyl-azoxim-bat enyl 
C,HvC<^i;f^>C,0,lI,. (2(15®). Oily tluid. Vola- 
tile with steam. Formed by the ncliont)! butyric 
anhydride upon benz-amidoxim, or by elimi- 
nating ll.;0 Irotu the butyryl derivative o£ the 
latter (Schulz, B. 18, 1085). 

Benienyl-imidoxim-oarbonyl 
C,IJ,N,0, U. CJIyC<;^[J>CO and 

C 4 n,.C<^^j(j^^^->C(Oll). Bcnzenyl’azoxim-carbi- 

not, [IDH ]. Curbonis« s at about 300®. Solu- 
ble in alcohol, ether, chloroform, benzene, and 
hot water, sparingly in coUljiKutiir. The atpieoiis 
Holution reacts strongly acid to litmus, it do- 
oomposos carbonates. Not attacked by PCl^ or 
by HCl, Formod by elimidation of alcohol 
from bcjojEenyl-amidoxim-carhonio ether or, 
directly, lieatiug bonaanyl-aiuidoxim with 
ehloroforinio ether. 

Salts.— A' Ag: white pp.—A'.Cu : green pp. 

Ethyl derivative C,HjEtN,0, [36’]; 
•olable in alc< hoi, etlier, d^c., nearly insoluble 
In water ; indifferent body (Falck, B. 18, 2408 ; 
19 , 1481). 

Bensenyl-axoxim-ethenyl C,II»NjO ue, 
CA*C<^lf>O.Cn,. [41®]. (244®). Formed by 

boiling benzenyl-amidoxim with acetic anhy- 
dride (Wemann a. Krilger, B. 17, 1090; 18, 
1059 ; Schulz, B. 18, 1084). Flat prisms. Easily 
yolatUe with steam. Sublimes at the ordinary 
lemperature in white needles. V. sol. alcohol, 
«UMur< and benzene, si. sol. water. 


(W®). dlotalm cIL 

volatile with steam. Formed by the action of 
propionic anhydride upon benz - amidoxim 
(Schulz, B. 18, 1086). 

Benxenyl-azoxim-propenyl-w-oarboxylio acid 
CA.C<^j;j^C.CH,.CH,.CO,H. [120®]. Formed 

by fusing benz-amidoxim with succinic anhy- 
dride. White trimetrio plates or prisms. V. 
sol. alcohol, ether, hot water and benzene, insoL 
ligroin. It is not decomposed by warming with 

Salta. — A'Ag: white crystalline pp. — 
A'XaS.Uq: long glistening soluble needles. — 
A'.]Ba aq : short prisms, or monoclinic crystals, 
— A'.^Cu : bluish-green granular powder. — 
ATbOH : granular pj). 

Ethyl ether k'Kt: (255®), yellowish oil. ^ 
Amide 0,oH,ON,.CONIl2 : [lO^J, slender 
needles (Schulz, 1). 18, 2450). ^ 

m-Carbozy-benzenyl-azoxim-benzenyl 

C,iI,(CO,H).0<^^j;f^^C.C«H,. [218®]. Formed 

by heating benzamidoxiin-m-carboxylic acid with 
1 benzoyl chloride. White orystallino powder. 

Soluble in acetic acid, alcohol, and other, insolu- 
; ble in water and benzene. The aqueous solution 
of the ammonium salt gives pps. with AgNO, and 
CuSO, {Miillor, B. 10, 1407). 

?u-Carboxy-bcnzenyl.azoxim-etbenyl 

, 0„H.(CO,H).C<^^^>C.CH3. [217®]. Formed 

(by heating benzamidoxim carboxylic acid 
: with acetic anliydride. White crystalline pow- 
■ dor. Sol. alcohol and ether, si. sol. water and 
' benzene. Tho aqueous solution of the ammo- 
. Ilium salt gives pps. with AgNO,, CuSO*, 

^ l‘b(OAc),, and ZuSO, (Miiller, B. 10, 1496). 
l^-Carboxy-benzenyl-azoxim-ethenyl 

C,„H.N,0, i.e. C.U,(CO,Il).C<''^^^^O.CH,. 

[218®]. Formed by boiling berizamidoxim-p- 
carboxylic acid with acetic anhydride. Crystal- 
line .solid. Soluble in hot water and alcohol, 
more sparingly in ether and chloroform. The 
dilute solution of tho ammonium salt gives 
pps. with AgNOj, Pb{OAc)» and CuSO. (Miiller, 

B. 19, 1492). 

vt • Carboxy • beazenyl - azoxim • propenyl - w- 
, carboxylic acid 

; c,ii,(coAi).c<^^j^^^c.cii,.cil.co,h. [213®], 

Formed by lieating bonzamidoxiin-w-carboxylio 
acid with succinic anhydride. Needles. Sol. 

. hot water, v. sol. alcohol and ether, si. soL 
I chloroform, insol. benzene. The aqueous sola- 
tioit of tho ammonium salt gives sparingly 
I soluble pps. with AgNO,, CuSO*, and Pb(OAo), 
(Mailer, A 19, 1496). 

p - Carboxy ■ benienyl • axoxim - propenyl • 
carboxylio acid 

C. H*(CoAl).!3<^j^^>O.CH,.CH,.CO,n. Formed 

by heating benzamidoxim-p-carboxylio acid 
with an excess of succinic anhydride. SoL 
alcohol, si. sol. water, v. si. sol. ether, insoL 
benzene and chloroform. Carbonises at a high 
temperature without melting. The dilute agneovi 
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of Uko ammooli^ mII ^vm iiiiiK^bU 
l^ witb GDS 04 Uid Pb(OAo)„pps. soIaUe in 
not water with ZnSO^ and AgNO, (Muller, B, 19, 

1498 ). 

Sthenyl-acoxim-benzenyl 

[57^]. Long white 

needles. Begins to sublime at 70‘^-80^. Easily 
volatile with steam. V. sol. alcohol, ether, and 
benzene, si. sol. hot water, insol. cold water and 
ligroin. Formed by heating ethenyl-amidoxim 
hydrochloride with benzoyl cliloiide (Nurdmann, 
B. 17, 2754). . 

rn-Nitro-benzenyl-azozim-benzenyl j 

C4H,(N0,).C<^^^^^C.CJI,. flGO^J. Forznedby I 

the action of benzoyl chloride upon w-nitro- 1 
ben 2 -amidoxiznCJI^(N().).C(NH._.);N()H (SchdpfT, 
5.18,1007). White needles. Sublimable. Sol. alco- 
hol, ether, and honzenc, insol. water and ligrom. . 

f»-Nitro-oV 2 Dnyl -azoxim-ethenyl I 

C 4 H,(NO-).C<J^<f^>C.CII,. [100^]. While ■ 

needles. Sublimable. Formed by the action of 
acetic anhydride upon m-nitro-benz-amidoxim . 
O.H,(NOj).C(Nir,):NOH (HchopfY, D. 18, 1000). j 
m-Oxy-benzenyl-azoxim-benzenyl j 

0,H,(OH).C^^j^^^C.CJ4 [10:r]. Formed by 

diazotising tu-anzido-benzenyl-azoxim-benzenyl 
and heating the aqueous solution. Yellow 
needles. Sublimable. Sol. alcohol, ether, and 
benzene, scarcely .sol. water, in sol. ligroin. 

Ethyl ether C„U,ON.,(OEt) : [71^']; fine 
felto<l crystals; soluble in alcohol (Schopfl, JJ. 
18, 2475). I 

Phenyl-allenyl-azoxim-benzenyl : 

CJl 5 .CH:CII.C<^*Y^^C,C,Hj. [102'^]. Ctnun- ; 

fnenyl-azoxim-hcmcnyl. Formed by elimination j 
of HjjO from the bozizoyl derivative of phenyl- 
aoryl-amidoxim by heating it above its melting 
point or by boiling it with water (WollT, ]}. U), 
1509). Very slender white needles. V. sol. 
alcohol, ether, chloroform, and benzene, v. si. 
sol. cold water. Sparingly volatile with steam. 

Phenyl-allenyl-azoxim-etbenyl 
0,Hj.CH:CILC<^j;j^^O.Cn,. [78®J. Sublimable. 

Colourless crystals. Formed by heating phenyl, 
acryl-amidoxim with acetic anhydride (NN'oliT, 5. 
19, 1509). 

Phenyl - allenyl • azoxim . propenyl - « • car- 
boxylic acid 

O.H,.CH:CH.O<”,f>P.CH,.CH,.CO,H. [114 ]. 
Formed by heating phenyl-acryl-amidoxim ^ith 
suocinio anhydride (Wolll, IJ. 19, 1511). Long * 
white glistening prisms. Sol. alcohol, ether, | 
benzene, and hot water, si. sol. ligroin. —A'Ag : j 
white powder. 

Fhenyl.ethenyl>asoxim*benzenyl 
OA.OH,.C<''^°>C.C,H.. [82»]. ' Formed b/ 

boiling the benzoyl derivative of phenyl -acet* 
amidoxim with water for a long time (Knudsen, 
B, 18, 1070). White needles. Volatile with 
•toaai. y. sol ideohol, ether, and benzene, 
liliMl. water. 


Phi8yl-4titiByl-txozin-et)iMiyl 
dA.CH,.0<^jf>O.OH,. (969*). OU, VoUtUa 

with steam. Formed by boiling the acetyl 
derivative of phenyl-acet-ainJdoxiin with water 
for a long time (Knudsen, 5. 18, 1070). 

Phenyl • ethenyl • azoxim - propenyl - w- 
carboxylic acid 

CJI,.CH,.C<^^j^^^C.CIL.CII,.CO»H. (00®). 

Formed by fusing togel her Vhcnyl-occt amidoxim 
CJ1^.C11..C(N11,):N011 and suocinio anhydride. 
I’rismalic plates. V. boI. alcohol and ether, si. 
sol. cold, x\atcr. m. sol. hot. It is a strong acid. 

Salts. -A'Ag : while pp. - A'.^Cu : bluish 
given pp. (Knudsen, Jh 18, 2488). 

Pheuyl-oxy -ethenyl -azoxim-ethenyl 

C,H,.CU(OJl).C^^j^^^C.CH,. [05®]. Formed 

by heating the acetyl derivative of phcnyl-oxy- 
acet-amidoxim CJIj.CJltl)Il).C{NlL);NOAo with 
water for some time. Tran.spaivnt needles. 
Distils undccoinposed, and is volatile with 
steam. V. sol. alcohol, ether, and benzene, si. 
sol. cold wat<‘r. 

Acetyl derivative 

C,H,.CH(OAc).C<;^^^^>C.Clf,. [52‘'J; finewhito 

needles; volatile with steam; sol. alcohol, 
ether, and hot wat<>r, nearly inaol. cold water 
(( in>.<s, D. 18, 1070). 

;>-Toluenyl-Bzoxim-benzenyl C,;JI,.^N,0 t.<. 
C..H,Me.C<;^j;®>C.C,lIj. [103'0. I’ormed by 

In'ating the benzoyl derivative of p-tolu* 
amidoxim, H.^0 being split olT (Seliuburt, B, 
19, 1490). liong slender wliite needlcu. V. sol, 
ether, benzene, and chloroform, si. sol. liot 
water, insol. cold. 

AZ0XINE8.- Compounds whoso molecular 
formulas may be written X"<^^*^^Y",BUch Ai 

Bhenazoxine and 

Naphthaeoxine C,bI !«. 

They may be formed: — (1) By hoatiiig aro- 
matic imido-sulphidoB with copper uxida t 

c..H.<^“>o,.n.+cuo- 

(2) By heating o-amido-phcnols with o-di-oxy- 
compounds : ^ * 

(Bernthson, B. 20. 942). 

AZOX7- COMFOUBDS, compounds whoit 
molecular formula may be represented by 


X 


X— N— N— X. They are formed by treating 
nitro- compounds with alcoholic potash Of 
sodium amalgam. They may be^ reduced to, 
hydrazo- compounds, X— NH— NU—X, and 
finally to two molecules of an amine, X— 

The products of nitration of azoxy- compound! 

0 


are often unsymmetrical, X— N—Y. 
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■^())(ciilH).N ® H.0,H,(0Bi())(0O^. 

No/ 

pmed by reduction of nitro-jp-aldehydo-bonzoio 
«}id with a(iufcou8 KCN. Cdlourless needles. 

V. sol. ether, ulcohol, and chloroform, si. sol. 
liliroln, ntiarly inaol. water. Decomposes at 
about 280®. It gives, the ordinary reactions of 
an aldehyde. 

Phenyl hydraeide: small golden yellow 
prisma (HomolKa a. L6w, D. 19, 1090). 
o-Amldo-benxene-o-azoxy-aniline 
Di'bemoyl derivative 
(0,H4N11Bz),N, 0. [195®]. Prepared by acting 
on bonzoyl-o-nitranilido dissolved in alcohol 
with /iric-dust and adding ammonia and pla- 
tinio chloride. Bright yellow mass, insol. water, 
al. sol. boiling alcohol (Mixter, Am. C, 26). 
fn<Amido<bensene-rn-a 20 xy<aiiiline [c. 272®]. 
D%‘ benzoyl derivative. -VtcpMQd by 
dissolving t«-nitro-bcnzanilidc in boiling alcohol 
and adding alcoholic ammonia and powdered 
eino together with a trace of platinum. Very 
light powder with pale yellow colour. Insol. 
alcohol, other, and benzene (Mixter, Am. 6, o). 

o-Amido-beniene-p-azoxy-aniline 
(O.H^NHJN.O. (182®-.l8t''J. Prepared by the 
action of potassio ethylate on its diacetyl de- 
rivative. Hoi. alcohol, giving a red solution. 
Bl. sol. boiling water, from which it separates on 
cooling as a fibrous yellow mass (Mixter, Am. 6, 4). 

iJi’Ucetyl derivative (CrtH^NHAc)^^,,© 
r270®-278®]. Prepared by tho action of pow- 
dered zinc and ammonia on p-nitro-aoctanilide 
in alcoholic solution. Ilair-liko particles with 
light golden-yellow colour. SI. sol. boiling 
alcohol, • 

Di-heneoyl derivative 

[HIO®]. Prepared by the 
action of zinc and ainiuonia on p-nitro-benz- 
anilide. liight yellow colour. Insol, alcohol 
and water (Mixter, ilm. 6, 281). 

o-Amido-toluone-azoxy-o-toluidlne 
[1:2:4] 0,lI,Mo(NIIJ.N,O.OJI,Me(NH,) [4:1:2] 
Aioxy-odoluidine. [168^J. Prom nitro-o-toluidine 
in alcoholic solution by sodium amalgam (Liin- 
prioht, J3. 18, 1405 ; Oraeff, A. 229, 344). Wg 
orange silky noodles (froml*%loohol), or yellow 
needles (from water). V. sol. alcohol, si. sol. 
water. Convortod by cono. 11.80,, by molecular 
change, into amido-toluone-azo-amiao-cresol. 

Salts-- B"il, SO, Uq: iieedlc8.-B"2HOL— 
»'H,Cl,PtCl,.~B"aUBr. • 

p-Amido-tolaene-axoxy-p.tolaidine 
[1:4:3] 0,lI,Mo(NH,).N,O.C,H,Me(NH,) [2:1:4]. 
[148'’), Yellow needles. Sol, alcohol and hot 
water. Prepared by tho action of sodium 
amalgam on an aloohoUo solution of nitro- 
p - toluidiue. — IV'^HCl)., ; si. sol. water. — 
B'ai,Cl,PlCl. (Buckney, B. 11, 1451). 

Bemoyl derivative 

gAMo(NHBz).N,O.C,H,MG(NHBz). [290®]. 
ftem C,ll,Mo(NHBz)(NO,) [1:4:2] by treatment 
With zinc and ammonia (Mixter, Am. 6, 285). 
bight yellow substance, insol. water and alooh^ 
B«ttt«Q«.n.uoxy-anUiae 
M,(NHJ.h,O.CA- 8. !•« it M®. 

MOMd, to(.th«r with lMnMB••wsO'«lulin^ by 


'Oii 

aolattott of bcNUwoo4Ui037«itttP^ 
ant (G. Schmidt, A. 122, 174; Z. (2j 5, 4m 
Large pale-yellow tables (from dilate aloohdl), 

SI. sol. hot water, y. sol. alcohol and etheb 
Deduced by tin and HCl to aniline and jp- 
phenylene-diamine. ♦ 

Salts.— B'HGl: silvery laminee, saponified 
by water.— B'^jPtCl,. 

Benzene-atozy-beDzene C^H^.NgO.OaH,. MoL 
w. 198. [86®]. S. (alcohol) 17-5 at 16®. 

Formation.— 1. Prom nitro-bonzene by the 
action of alcoholic KOH (Zinin, J. pr. 86, 98 ; 
Kasenack, B. 5, SG4 ; Schmidt a. Schultz, A» 
207,828 ; Wilsing, A. 216, 228), or sodium-amal- 
gam (Alexejeff, J. 1864, 625 ; Moltchanoffs^, 

J. B. 1882, 360).— 2. Prom aniline by oxidising 
with KMnO, (Glaser, Z. [2] 2, 808).— 8. From 
benzeno-azo-benzene by oxidising with CrOg 
(Petrieff, B. 6, 677). 

Prejyaration.—l. Byreducin^nitro-benzenein 
alcoholic solution by means of somum-amalgam. 
The yield is 87 p.o. of the theoretical (Mol- 
tclianoffsky, J. B. 1882, 224 ; Bl. [2] 38, 5611.— 

2. By boiling nitro-benzene with sodium methyl- 
ate, prepared from methyl alcohol (260g.) and 
sodium (10 g.), the reaction being as follows : 

4PhNO, + 3CH,ONa- 
2FhjN.,0 + SHCO,Na + 8H,0 
(Klinger, B. 16, 806). 

Properfies.— Pale yellow trimetrio needles; 
insol. water, sol. alcohol, and ether. Small 
quantities may be volatilised with steam. 

Reactions,— 1. When mixed with neutral 
substances {e.g. NaCl) and distilled it gives 
aniline, azo-benzeno, and other products.— 

2. Ammonium sulphide has Imrdly any action 
upon it in the cold, but on warming it reduces it 
to hydrazo-benzeno.— 8. SnCl* and HCl reduce 
it to aniline, very little benzidine being formed 
(Schmidt a. Schultz, B. 12, 481).— 4. Warm 
cone. H.SO. converts it into benzene-p-azo* 
phenol (Wallaoha. Belli, B. 13, 625).— 6. Aniline 
hydrochloride at 230® gives violaniline (v. 
Dcchend a.Wichelhaus, B. 8,1614). — d.DiphenyU 
amine hydrochloride heated with it gives tri- 
phenyl-violanilino (Girard a. Caventou, B, 12, 
290).— 7. Cone. HBr at 260® gives di-bromo- 
aniline (Sendzink, Z, [2] 6, 266); HI gives 
benzidine.— 8. PBrj gives yellow crystals of 
C,jH„NgBr, which are converted by aqueous 
AgNO, into bonzeno-azo-bonzene (Werigo, Z. [2] 

6, 887).— 9. PCI) added to an ethereal solution 
gives benzene-azO'bcnzene (Werigo, A. 166, 202). 

10. Sodium amalgam gives hydrazo-benzene.— 

11. Sulphurous aHd forms benzidine sulphate.— 

12. Nitric acid forms thrpe benzene-azoxy-nitro* 
benzenes Iq, v.) and also a tri-nitro- derivative 
C,,H,(NO,),N,0, [162®] (G. Schmidt, Z. [2] 8, 
421). This is converted by CrO, mixed idth 
cono. HND, at 200° into C,^,(NO,),N, 03 , [102®], 
and C„H,(NO,),N,0„ [62^] (Petrieff, B. 6 , 658 ). 

Beniene.axoxy.bens6ne-wi-sttlpho]iie acid 
O,K,.N,O.0,H,(SO»H). [60®-70®]. Very deU- 
quesoent re^sh-brown tables. Formed as a by* 
product in the oxidation of m-amido-benzena* 
sulpbonio acid by KMnO,.— KA'aq: longsolobla 
tables (Limpricht, B. 18, 1420). 

Be&ieae-aiozy-btnsene-p-iiilpAoiiiA add 
C,H,.N,O.OA(SOJH). [below 100®]. Bed sea^g 
V. sol. water. Formed as a by-proi 


. by-inndad..ii,|i^ 



16* 14^. 

: Btttmt-Moxy-bromo-btttiene mlpbonie acid 
tj!gH*.N,0.0,^Br(S0j^. Formed as a by- 
product of the oxidation of bromo-amido-beuz- 
ene-wlphonio acid C,n,Br(NHJ{SO,H) [4:3:11 
with KMnO*.— KA' 2aq : small red six-sided 
tables (Linipricht, B. 18, 1423). V. sol. water 
and alcohol. 

Benzene-p-aiozy-nitro-beniene 
C,Hi.N.,O.C,H*NO* [1:4]. [ISa-^j. Formed together 
witli the following body by the action of UNO, 
(S.O. 145) on benzene-azoxy-benzeno (Zinin, .4. 
114, 218). Hair-liko yellow needles. Iteducod 
by alcoholic ammonium sulphide to benzene-^)- 
azoxy-aniline. 

Benzene-azoxy-nitro-benzene 

C,H,.N,0.C,H4.N0,. [101. Needles or prisms ; 
prepared as above. Alcoholic ammonium sul- 
phide forms a compound C, JIj,N,0(‘?) [85^]. 

Benzene-akOA:y-nitro-benzene 


(118*1. Aw 

m -bromo-nitro-braiena and alooholio KOB 
(Gabriel, J6. 9, |405). Bright yellow prismi ; ?. 
si. sol. alcohol. 

jtvBromo-bentene-p-aiozy-bromo-baaieBe 

[4:1] C,H,Br.N,O.C,H,Br [1:4], [172«] (Hof- 

mann a. Cleyger, B. 5, 919); [175®] (Weriao, 
A. 165, 198). From p-bromo-nitro-bengena by 
treatment with alcoholic KOH or sodium-amaf* 
gam. Yellow leaflets, v. sbl. hot alcohol. Nitrio 
acid forms a tri-nitro- derivative [174®]. 

Bromo - benzene - asoxy - bromo • benzene inl* 
phonic acid 

0,U,Br.N,O.C,H,Br(SO,n). Formed as a by- 
product of the oxidation of di-bromo-ainido> 
benzene-sulphonio acid C^iI,Br 5 ,(Nll..){SO,H) 
[1:3:6:4] by KMnO,.— KA'‘2aq : very email yellow 
scales (Limpriebt, B, 18, 1425). 

7n-Chloro.b6nzene-m-azoxy-ohloro-bensene 
f3:l|C.H,Cl.N,O.C,U,Cl[l:3]. [97®J. Formed 
by boiling m-chloro-nitro-benzeno with alcoholio 


C,.H,.N,O.C,H,(NO,) [1:2J. [127®]. Fornjcd by 
adding fuming UNO, (25 .30 c.c.) to a solution 
of benzene-a/.o licnzeiio (20 g.) in glacial acetic 
acid (100 c.c.) at 75°. Bed rhombic plates. Hoi. I 
alcohol, ether, and acetone. Alcoholio KOH 
gives an emerald-green colouration; by long 
boiling or by treatment with sodium-amalgam 
it is reduced to a compound C„H,,N^O (Janovsky 
a. Erb, B. 20, 301). 

Benzoic o-azoxy-benzoio acid 
[2:1] C,H,(C0J1)-N,0 - C.H,(CO,H). [1:2]. 

Mol. w. 2Sb. [237^-212°]. 

Formation,—!. By the action of KCN on o- 
nitro-benzaldchyde (ilomolka, B. 17, 1902). — 
2. From o-nitro-bonzoic acid by treatment with 
sodium-amalgam or alcoholio KOH(Grie8a, B. 7, 
1611).— 3. Together witho-nitro-tolueno by boil- 
ing o-nitro-benzyl alcohol with aqueous KOH 
(Jaff5, H. 2, 57), 

Proper im.SmaW colourless prisma ; m. 
sol. hot alcoliol, si. sol. ether and boiling water. 
Reduced by sodium-ani.'ilgam to carboxy-bonz- 
ene-azo-bcnzoic acid, and linally to hydruzo- 
benzoic acid. 

Salt.— BaA'^laq. 

Benzoic m-azoxy-benzoic acid 
[8:1] C JI,(CO,H).N,O.C,H,(CO,n) [1:3]. Formed 
by boiling m-nitro-benzoic acid with alcoholic 
KOH (Griess, A. 131, 92). Minute needles or 
j^ates. Insol. water, si. sol. alcohol and ether.' 
Reduced by tin and UCl to di-amido-diphenic 
Mid. 

Biazoxy-benzoic acid 

C,H,N,0, ot CO,H.C,n,<^ 1^0 [ I J] {?). 

Fonned by reducing di-nitro- benzoic acid flis- 
solved in NaOHAq w’ith sodium-amalgam (V, 
ICeyer a. Michlcr, B. 6, 746; Miclfler, B. 7, 
420; A. 175, 160). An amorphous black powder, 
Jnsol. alcohol, etlier, benzene, chloroform, and 
glacial acetic acid. Reduced by tin and HCl to 
diamido-benzoicacid. UNO, gives an amorphous 
ttitro- derivative. 

. . Salts.' AgA': black pp. sol. NH,Aq. — 
v|taA\: black pp.— ZnA',: brownish-block pp. 

An isomerie acid, resembling the above, is 
from (1, 2, 4)-di-nitro-beDzoic acid. It 
by Un and EOl. 


KOH (Laubenheimor a. Wintlior, B. 8, 1623). 
Yellowish-brown flat needles. V. st. sol. aloohm. 
Treated with fuming H.jSO, it is chiefly con* 
verted into m-chloro-bcnzone-azo-ohloro-phenol, 
only a very small quantity of m-ohloro-benzena* 
azo-chloro-benzcne being formed (Schultz, 

17, 464). 

p-Chloro-benzene-azoxy-chloro-beozens 
[4:1JC.H,C1.N,0.C,H,C1 (1:4]. [165°]. From 

p cliloro-nitro-bcnzeno by treatment with aloo* 
holic KOH (Ileuniann, if. 5,910; cf. WilJgorodt, 

B 16, 1002), sodium-amalgam (AioxejefI, Z. ' 
1866, 269), or (in ethereal solution) with sodium 
(Hofmann a. Geyger, B. 5, 916). Bale yellow 
needles, si. sol. cold alcoliol. Treated with 
fuming 1LS0< it is chiefly converted into p-ohloro- 
bcnzcne-r^o-chloto-benzeno only forming traces 
of a chlorinated bcnzene-azo-phenol (Schultz, B. 
17, 464). 

Di-chloro-benzene-azoxy-di-ohloro-benzene 
[3:5:1] C,H, Cl., .N,U.C,H,CL[1:3:5]. [172°]. From 
^3,5,1) • di - cliloro - nitro-benzone and alcoholio 
kll.S (Beilstcin a. Kurbatow, A, 197, 84). 

Di-ohloio-bonzene-azoxy-di-chloro-benieBO 
[2:5:l]C,H,Cl,.N.,O.C,H»Cl.,[J:2:5J. fH2°J. From 
/i-di- cliloro -nitro- benzene and alooholio KOH 
(Laiibonheinier, B. 7, 1600; 8, 1623). Small 
bright yellow needles, 

p-Chloro-benzeA-azoxy-chloro-nitro-boDSOM 
[4:1] C.H,Cl.N,O.C,H,CJ(NO,) [1:4:?). [184®]. 

From p-chloro-benzene./i-azoxy-chloro-bensoilt 
and HNO, (Heumann, B. 6, 912; 18, 1185). 
Bright yellow floccujent substanco. ^V. si. spi v 
boiling alcohol; reduced by alcoholic ammo* 
niurn sulphide to p-chloro-benzeno-azo-chlorO*; < 
nitro-beuzene. ; 1 

Cbloro-toluene-azoxy-chloro-tolaeno 
[6:3:1] C.lI,MeCl.N,O.CJ{,MeCl [1:6:8J. (1281 
Formed by the action of Na on an etheroM 
solution of chloro-nitro-toluene (Hofmaoil ik'" 
Oeyger, B, 6 , 919). Small needles. ].r- 

m-Iodo-beasene-7n-azoxy-iodo-bensoiio ■ 
[8:1] C,U,I.N,O.C,n,I [1:8]. From w-iodo-nitl^ f 
benzene and alcoholic KOH (Gabriel, B. 9, 1498)). 
Flat yellow needles ; si. sol. cold alcohol* 

n-lodo-benzene.p-azoxy-iodo-benzaaa ^ 

[4:1] CAI.N,O.OAI [200°]. From > 
iodo - nitro > benzene and alooholio KOH (O)^ 
Light yellow plates or scales. 81. anl- «LiaYi/J 
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uUiM [4:1] P# 

Frosn o«ziitrofo*di*meth7l*aniline and aloonolio 
KOH (Sohraube, B. 8, 619). Glittering brown 
eryetals ; si. sol. water, m. sol. hot alcohol and 
benzene. The salts are decomposed by water. 
-B"H,PtCI,aq. 

m'Kitro-benzene-m.azozy-nitro-bensene 
;8;1] C.H,(NO,).N,O.C.H,(NO,). [1:3] [1420]. 

Preparation.— k solution of 2 or 3 pts. of 
n-di-nitrobenzono in* about 15 pts. of methyl 
dcohol is mixed with a solution of sodium 
uethylato prepared by dissolving 1 pt. of sodium 
m 20 pts. of methyl alcohol. A vigorous reac- 
tion sets in, which is completed by 48 hrs. 
oohobation ; largo yield. Long needles. V. sol. 
benzene, m. sol. ether and CS,,, v. si. sol. cold 
alcohol. By heating to about 140'’ with strong 
H,B04 it is converted into the isomeric di-nitro- 
oxy . azo - benzene C4ll4(NO,).N2.CJI,(NO.J(OH) 
(Klinger a. Titschke, B. 18, 25.'>i). 

»-Nltro-diphenylp-azoxy-nitro-diphenyl 
C,H4(NO,).CJl4.N/).C.H,.CJl4NO,.. [225'’]. From 
|)-di-nitro-diph(!nyl by acting on its alcoholic 
solution with sodiutn-arnalgam (Wald, J5. 10, 
137). Brick-rod cry.stalline powder; forms a 
rod solution in cone. II.SO,. Inaol. most 
sol vents, lloduced by alcoholic amnioniuni 

sulphide to benzidine. 

Nitro-oxy-benzene-asoxy-dl-aitro-phenol 
Diethyl ether 

04H,(NO,)(()Kt).N,O.C,lL(NO,),OEt. [168®]. 
From UNO* and the diethyl ether of p-oxy-ben- 
seno-p-azo-phenol ; the product is exhausted 


Tha m him 

alcohol, if the mixed adds now malt dwfa 
162 S they are etherified by alcohol and HOL 
The ether of the azoxy- acid is less solnbla 
in alcohol than that of the azo- acid, it is 
crystallised from alcohol and then saponified 
(A.Thato,Xi»-. [2J 29, 162). 

Properties.— CrystaliiseBj from aqueous or 
dilute alcoholic solutions, with aq as short 
prisms or as scalenohedra ; but if left in oon< 
tact with the mother liquor these change to 
rhombohedra, taking up ^aq. Both these forms 
are sulphur-yellow. At 130® they become white 
and anhydrous. Dissolves in alkalis, HCl and 
glacial acetic acid. The solutions are yellow. 
Forms red solutions with HNO, and HoSO*. 
Insoluble in ether and in benzene. 

Reactions.— 1. Lead acetate, a yellowish- 
white flocculcnt pp.— 2. AgNOj and BaCl^, no 
pp. in hot solutions, on cooling a crystalline pp. 

Salts.— (NH4).A" : obtained, as a yellow 
micro-crystalline pp., by passhi^NHj into a 
solution of the acid in absolute alcohol. Its 
aqueous solution gives yellowish-white pps. 
with BaCL, and Pb(OAo)2, yellow pps. with AgNO^ 
and Fe.Cla, and a green pp. with CuSO^.— AgjA". 
— AgllA" : more soluble than the neutral salt. 
BaA" 2aq. 

Ethyl cther.-Et^k"\ [114®]. Whitesilky 
needles. 

tn - Snlpho - benzene • m - azoxy - benzene ml • 
phonic acid [3:1] 0,H4(nS0,).N,0.C„H4(HS0,) 
[1:3]. [125®]. Prepared by the reduction of 
M-nitro-benzene-sulphonic acid with alcoholic 


with water, and then treated with alcohol. On ! KOII (Brunnoniann’, B. 11, 1048; A. 202, 240), 
cooling, the alcohol deposits the body in long i Yellow needles. V, sol. water and spirit, 
yellow noodles grouped in stars. Sol. ether, A^daq: needles. — A'^NH*), 2 »aq ; rhombic 
CUCl,, C.n* and glacial acetic acid (Andreac, : pillars.— A"Ba aq : dillicultly soluble prisms. 


/.pr. 121), 337). 

An isomeric bothf. [187®]. This forms the 

S roator part of the [jruduct of the nitration, and 
\ left undissolved when the former body is 
extracted with alcohol. It is crystallised from 
acetic other, in which it is very soluble. 
o-Oxy-benxeno-ci-azoxy-pheaol 

cjr,(oii).N,().c.,H,.oir. 

Ethyl ether {C.H,(OFt){,N,0. Amri/- 
phmetol. [102®]. By reducing a'cobl (0°) sola- 
tion of o-nitro-plienetol (1 pt.) in alcolud (7 pt.s.) 
by adding sodium amalgam ; on adding water a 
pp. is got ; this is freed frTfin azo-phenetol by 


A"Ca .3iaq ; dillicultly soluble needles.- A"Pb aq. 

Chloride [138®]. Yellowish-red pillars. 

Aviide [273®] : si. sol. hot water. 
Snlpho-naphtbalene-azoxy-naphthalene ml- 
phonicacid C,„H«{SO,H).N,O.C,oH«.SO,H. From 
(o)-nitro-naphthalene-(o)-8nlphonio acid and 
alcoholic KOII (Alen, Bl. [2] 45, 184). V. sol. 
water ; cono. II.^SO, forms a violet solution. 

Salts.— K.A^aq: trimetrio tabular crystals, 
Na.jA" 2aq : tables. — BaA'aq. — CaA' 2aq. — 
PbA' 2aq. 

Terephthalic-azoxy-terephthalio acid 
[6:3:1] CJl3(C02H).N,,0.C,H,(C03H)., [1:6:3]. 


washing with strong HOI as long as the latter i •Yellowish plates. Sol. hot, si. sol. cold, water, 
II enured (Schmitt a, Mohlau, J.pr. 126, 201). j v. sol. alcohol and ether. Decomposes between 
- Colourless tricHnic plates. In 1250® and 280®. Obtained by oxidation of 
■olublo 11. walor, but mojta in boiling water, aldehydo-bonzoic-azoxy-aliehydo-bcnzoio acid 
B ightlT soluble m cold alcohol, insoluble in hot ! N,,0{04H,{CH0)C0,J1)» with alkaline KMnO*. 
alcohol. Not volatile with steam. | HaUs.-A'’(NH4)4* ; long yellowish prisms. 

yellowpp.(Honft)lka».Uw,B.19.1091). 

Small .TolaeDe-azoxT-bromo-tolaese 
yellow plates. Insol. water and alcohol, si. sol. ~ 


C4H4Mo.N30.C,H,BrMe. [74°]. From «-tolaene- 
p-azoxy-tt>luene and bromine. Bright yellow 
tables ; v. sol. alcohol and ether (Melms, B. 3, 551). 
lolnene-acoxy-nitro-tolaene 
C4H4Me.N30.CJH,(N0^Me.[84®]. Formed by 
nitration o^p-toluene-p azoxy-toluene (Potrieff, 


acetic aoi 1. Prepared by the action of alcoholic 
KOHonp-nitro-di-phcnyl (Zimiuermaiiii, B. 13, 

19611. 

Phenyl • glycolllc - o - atoxy - l heny I - glycolllo 
teid ON,(0,H4O.CH..CCLH),. [187®;. 

glycolhc acid i B. 6, 567). Yellow needles. 

(18*6 g ), water (140 g.) and NojCO, (5 g.) are j Tolaene-o-aioxy-tolnene 
treated at 56° with soiliura.amalgttm (165 g. of ; C,H,(CU,).N,O.C,H4(CH,). [60°]. Formed by 
i per cent, sodium), added in small portions, passing C1,0 into on ethereal solution oi o* 
On eocfiing, crystals separate. These are hydrazo-toluene (Petrieff, B. 6, 667). 

OMSolTed in water and deoompoied by liCi. Preparation . — 10 pts. of o-nitro-tolaeiie itt 



laaeagrtiliu^i! to K iotoUoh <a lodiom 
ill 50 pts. 1>J volume of methyl alcohol, the 
mixtore being finally oohobated on the water- 
bath for 8 or 4 hours. 

Properties.— Large yelloxr needles or plates ; 
the crystals belong to the dimetrio system, 
a:5*- *8416:1. 

Peactions . — By distillation with iron powder 
it yields o-azotoluene and a little toluidine. It 
also yields o-azotoluene by heating with Hj,S 04 
(Klinger a. Pitschke, B. 18, 2553). 

p-Toluene-p-azoxy-toluene 
C,H,Me.NjO.CeH,Me. [70°] (M.); [59°] (P.). 
From p-nitro-toluene by reducing it in alcoholic 
solution with sodium amalgam (Melms, B. 3 , 
551; Petrieff, [2] 5, 264 ; [2] 6 , 30 ; B. 6 , 557). 
V. sol. alcohol and ether. 

Bromine gives a bromo- derivative, [ 74 °], and 
a di-bromo- derivative [138°J. 

Nitric acid gives a nitro- derivative [84®], a 
di-nitro- derivative [145®], and a tri-nitro- deri- 
vative [ 201 °]. 

AZOXTLEKE v. Xylcm-kzo-xylnie. 

AZOXY-NAPHTHALENE v. Naphthaleno- 
AZOXY-naphthaleno. 

AZOXT-FHENOL v. Oxy-bcnzene-Azoxv- 
phenol. 

AZOXT-DIPHEKYL v, Diphonyl-Azoxv- 
diphcnyl. 

AZOXY-TOLUENE u. Tolueno-AZoxv-toIucno. 

AZULENE or Azulin. Blue colouring matter 
present in essential oils of chamomile, worm- 
wood, and millefolium. Causes those and other | 
oils to give an absorption-apoctrum, viz., throe \ 
bands in red and orange (Hock, Ar. Bh. [ 3 ] ! 
21,17). 


brown pp. tohnofi togewer ^ta Qzlmid4 ir 
oxamio Mid by paadng oyanogen into aqnboi 
ammonia. SI. sol. pure water, with vioh 
fluorescence ; acid or alkaline solutions flnoresc 
green. Boiling water slowly converts It int 
mycomelic acid O4H4N4O,. Nitric acid orKMnC 
oxidises it to azulmoxin 04H,N,0:;, an orang( 
powder, insol. water, sol. cono. HjS04, th( 
solution having a deep-green fluorescence. 

Hydrazulmin C 4 H 8 N, is formed by mixing 
dry cyanogen with dry NHj. It forms black 
leaflets, converted by water at once into NH, 
and azulmio acid (Emmorling a. Jacobsen, B, 4, 
927). By the spontaneous decomposition of an 
aqueous solution of HCN containing a little NH, 
a brown pp. is produced which, according to 
Gautier (A. Ch. [4] 17, 158), contains an azuunio 
acid of the formula OjH,N,0. 

AZUKIN C„H„N 40 ,. [260-6°]. Small colour- 
loss tables forming solutions which have a 
splendid blue fluorescence. Prepared by heating 
salicylic aldehyde with o-tolylene-diamine 
(Ladenburg, B. 11 , 696). 

AZYLINES. Azo- compounds of the form 
R 2 N.C,iII,.N:N.O,.H 4 .NIl .4 prepared by passing 
nitric oxide into alcoholic solutions of tertiary 
aromatic aminos; thus, di-mothyl-anilino-azyl- 
ino is described as di-inethyl-amido-benzene- 
azo-di-mcthyl-aniline, di-amyl-aniline-azyline is 
described nsdi.amyl-amido-bcnzone-nzo-<li-amyl- 
anilinc ; and di-ethyl-anilino-azyline as di-othyl- 
amido-benzeno-azo-di-cthyl-aniline (Lippmann 
a. Floissner, M. 3, 705; 4, 281, 788; B. 15, 
2136; 16, 1421 ; Noltiug, B. 18, 1113). 


B 


fiABLAH. The fruit of several specie.s of 
Acacia, The seeds and liusks are rich in 
tannin. 

BACCARINE, An alkaloid in Baccharis 
cordifolia or ‘Mio-Mio.’ Kccdlos, si. sol. water, 
sol. alcohol, amyl alcohol, and ether. Its aqueous 
solution is neutral to litmus (-\rala, Bh. 13] 
10, G). 

BACTERIA. — The name given originally to a 
common rod-like form which is assumed in the 
course of growth by the minute plants to which 
Nageli ( 6 ) in 1857 applied the term Hchizomycetes : 
hence the terra ‘Bacteria’ is very frcMpienlly 
used to designate the 'whole of this group of 
organisms. • 

The Bacteria, Bacteriace®, or Schizomycetes 
are a group of plants of extreme sinfplicity of 
Structure and very minute in size. Like larger 
fungi, they are destitute of chlorophyll, and ac- 
cordingly are unable to decompose carbonic acid 
in the presence of sunlight ; as a ^consequence 
their nutrition resembles in somo respects that 
of animals, since they are dependent on the 
complex chemical substances produced by other 
organisms. The variety of substances contain- 
ing either 0 or N, or both, which they can 
itiMk and make contributory to their sus- 


tenance is very great, whilst the chemical 
chango.s which they bring about in tlioso sub- 
btanecK arc no less varied and remarkable. The 
exact nature of these changes and tlio relation 
of the Bacteria themselves to the substances 
upon which they feed form an enormous field 
of inquiry which Wtis only recently been look^ 
at by chemists, and as yet, very ourgorUy. 
The study of the forms presented by different 
kind.s of JJueteria in the course of their growth 
i.s al.'-o as yet in an incomplete state, «nd whilst 
it is certain that tlfi:re are kinds of Bacteria 
characterised each by its particular forms, its 
particular pabulum or chemical food, and by its 
jiarticuhir cbcinical opfiutions resulting in the 
formation of definite chemical pro<i acts from tha 
breaking uj) of the apju upriatc pabulum, we do 
not yet know in any large number of oascf 
whether a particular form is constantly asso- 
ciat'd with particular chemical conditions and 
ro.sults, or whether it is possible under mo^fisd 
conditions for a given form to change its chemical 
and physiological activities. In a certain numbw 
of cases we do know that modified chemical and 
physical conditions will cause a given form in 
the course cf its growth to acquire a very marked 
modification of form. Hence it is at present im* 
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ihm irlht bjrdzodio^) m pvo* 
: doew r}i and veiy nguar teisellate aggn- 
gates (flg< g). In the latter, baoillaa or olithri- 
oiom forms may be arranged with absolute sym- 
metry forming little plates of twenty or more 
0 ^ 8 , in rows of five or more (mcrismopedia 
form|. In the sarcina form the grouping is 
>(mboid, * packets ’ being produced instead of 



Forms or BACTKaiA. a. MIorortocena; ». Dlploooceua; 
e. Clithrldlum or biscuit (with flagella); d. Micro- 
bacillus; e. BnclIIua (built up of lulcrolnciill) ; /. 
Leptotbrix or filanicntous form, homogeneous at one 
. end, dirldcd into t>acilll in the middle and Into micro- 
bacilli at the other end; g. 8|iirillum (vibrio); A. 
Bplrillum (close spiml) with flagolla; (. Comma (seg- 
ment of spirillum): h Homogeneous bacillus with 
flagella ; /. Ovoid or douhle-oono form ; m. Large irre- 
gular form : these njay occur of great rise and tatIous 
■ bapes, as flat discs (mocroplnsls) In Boot, rubeacens.-^ 
£amt.\ n. liaclllus with monllirorm protoplasm, not 
•pores (B. tuberculosis) ; o. Sporobnclllus, with endo- 
•pores ; p. Kosary-chnin ; linear aggregate of micro- 
cocci ; q. MerUniopcdia-formor tablet ; tesielateaggre- 
gate of cllthridia; r. Hydrodlotyon-form : retiforin 
aggregate of bacilli ; t. Oladothrix-fonn ; false-branch- 
ing linear aggregate of bacilli ; t. Nostooold linear ag- 
gregate ; larger cocci ooenr at intervals In a chain of 
•mailer cocci ( observed ill cultivations of B. anthracls); 
a. Two micrococci embedded in Jelly-Ilk* enveigpo ; 
IP. Leuconostoc-form : a siiiriilam with Jelly-like en- 
valope ; r. Zooglcea of clithridia : oiitbtldla embedded 
In JelJy-Ukc matrix. • 

'plates.* Lastly, where the cell-wall fwells up 
and forms a jelly, we may hare the baeterian 
oellfl of any one shape adhering bj^the jelly to 
one another (fig. x), and forming spherical or 
imgnlar misses of jelly (zoogloea). These 
masses often are as large as the hand of a man, 
imd foonl on putrefying liquids and solids. 

"tham is DO doubt &at all the forms of cell 
llii ii asU-aggregatea which haia baan abora 


MtmMt ^4^aiii tb Vteii ipBij ba aa^ihited 
V^iMABdthaiaiMiMoimotBaat^ Tha‘ 
Backriumrubneent of Lankeater [1] forms port* 
wine colonred pellicles on decaying organio 
matter in fresh -water ponds and in salt-marshes, 
the protoplasm of the cells being coloured bj a 
peculiar insoluble pigment * bacterio-purpurin.* 
Lankester found all the varioties of aggregation 
and of cell-form (except spirilla, since observed 
I by Warming [2] and by Giard [8]), in a small 
tank in which this organism was flourishing ; 

I their connection with one another was prov^ 

I by their all containing the peculiar colouring 
matter and by transition-forms of growth. The 
accuracy of these observations has been con- 
firmed by Zopf [4], and Lankester's conclusions 
adopted by liim as well as by De Bary [6]. The 
species of Bacteria are said to be *pleo- 
morphio * or in Lankester’s phraseology * pro- 
tean.* Nevertheless it is exceedingly probable 
that not all baeterian species exhibit so wide a 
range of form as does B. rubesoens. Some seem 
to be limited to the miorococous and olithridium 
ocll-forms, and to exist either as free swarming 
cells of those shapes, or as linear aggregates of 
the some. Others again are possibly limited to 
the micrococcus form, though it is necessarily 
extremely diilicult to bo sure iliat under appro- 
priate conditions of cultivation the cell-form 
and aggregation -form will not change altogether, 
and, until experiments have been very carefully 
made in each case with the object of breaking 
down the limitation of form usual to this or 
that species of Bacterium, it will not bo justifiable 
to dogmatically characterise a species of Baote- 
rium by reference to its shape. 

Spore-formation^ vfhe Bacteria reproduce 
with enormous rapidity by fission, but some few 
are knowp to produce special reproductive bodlei 
which havo the property of resisting the injo- 
riouH effects of desiccation and heat. 

In one soiiso of the word * spore,’ every seg* 
ment into which a previously unbroken plastTd 
or cell of a Bacterium divides is a spore. A 
more special justification of the use of the term 
is found when ocoasionally one of the products 
of division is larger or more refringent than its 
fellows. Such ‘spores’ are recognised in the 
cultivations of Bacterium (Bacillus) tuberculosis* . 
None of these are suflicicntly specialised at 
reproductive partifles to justify thoroughly tbs VJ 
use of the term ‘ spore ’ in regard to them. 
certain species, however, e.g. Bacterium sabtilci ; 
Bacterium aiithracis, and B. megaterium-th* 
formation of well-defined endospore»is oharao* 
tcristio. The protoplasm within each memhei! 
of a linear aggregate of bacillus-forms separates 
centrally from itself an ovoid mass (fig. o), oti 
the surface of which a co;it of dense myooproteln^ 
is produced. The bacilli themselves die swsf 
and decompose, but the evoid spores remain, e| ) 4 . 
have the power when dried of resisting an ex* 
poBure to boiling water for as much as fifteen;': 
minutes. This property in the spores ,ef 
subtile, which are common in old hay, hes teei 
to erroneous inferenoes as to the * spontane^^^ 
generation,* or ‘ abiogenesis,* of Bacteria. Ii Ii '> 
possible, as suggested by Be Bary [5], thal thefi 
Bacteria which produce endospores are wUkdiV 
eeparate (as to their origin from green ftlfm 
from the other Baeteria wbieb have no 
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^OMtt&Mtloii tad BomtBcUtttre of BaetorU. 
Wet tho proient Do Bary’e division of the Bao- 
fcorta into Endosporea and Arthrosporea may bo 
IKMsepted. The various generic names in use, 
Inch as Btreptococcus, Ascococous, CladotlirU, 
Beggiatoa, Myconostoc, Leuconostoo, have no 
logical basis, and produce a good d<!al of confusion 
by a false appearance of order. It is probably 
sufliciont at present tb limit generic distinctions 
to tho three terms Micrococcus, Bacterium, and 
Bporobacterinm. The genus Micrococcus com- 
prises those lijicteriucctB which are not at pre- 
sent known to exhibit any form of plastid or coll 
other than that of minute spheres; tho genus 
Bacterium contains only thoao Bacteriaceai which 
are known to exhibit in tho course of growth 
rofl’like forms of plastids, as well as in many 
oases niicrococous-forms and spiral an<l straight 
fllamontous forms; tho gonus Sporohactoriuin 
includes only those fonui which produce endo- 
spores, the so-onllcd lUcterium (Baoillus) an- 
tnraois, B. subtilo, and B. niegaterium. Ad- 
hering to this nornonclaturo, wo still make uso 
of tho terms vibrio, spirillum, bacillus, clilhri- 
dium, ascooocous, zoogUra, (to., <l'(;., to dcscribo 
conditions of growth or varieties of ecll-fonn. 

With regard to the uso of specilic n.ainefl, it is 
well that every form or group of forms of Bac- 
terittceii) which definitely recurs in certain eon- 
ditions, and soems to he, so far as ohsorvation 
has gone, distinct from other known forms or 
groups of forms, should ruceivo a name. Hoeing 
that many of these names are probably but of 
temporary significance. It would ho well that 
they should bo as dodnitl iy doscriptivo of somo 
feature of ti\o supposed species as possihlo. Tlio 
Baotoriaoew should bo named accordiag to their 
chief properlie#, place of occurrence, or character 
of growth, and not after pf'rsons. 

The following is a list of «onm of the chi(d 
supposed sjx'cics of Harleriaceje whieh have been 
described, with an itidication of the mode of 0 (^ 
currence. It is by no means an ('xhauslive h f, 
and it is (piito certain that some of tlie fow s ip- 
posed species hern enumerated will, on furtlo t' 
inquiry, bo found tv^ bo phases of growth of other 

gpMlOS. 

Section A.: 

(.lenua SroKoiMcrKiuuM. 

Spooies : S. subtile, common in hay; S. an- 
ihracL^t in the blood of cattle, slieep, and man, 
cansea the disease known as splenic fever; S. me- 
ffOteriuntf observed on hoi^itid cabbage; 6’. bufy- 
ricum, the butyrio ferment, occurs in cheese- 
making, and 1ms been confused with S. subtile. 

Section B. ; Arthrosporea. 

(lenus BACianiuM. 

Spoeit's ; J3. te^nno, tho commonest form in 
putrefying vegetable infusions, but not yet iso- 
lated and oharaotorised ; B. lineola, a larger 
form occurring in foul jwnds and snwngo; B. 
rubesrens, tho protoplasm is wine-red in colour, 
the plastids and aggregates are of tho most 
vari^ forms, occurs in ponds on vegetable 
Nluse ; B. dichotoma, forming branched aggre- 
gates (cladothrix) and straight and spiral tila- 
gents, common in river water on dead leaves ; 
B, Xuhniana, in wells and drain-pipes (Creno- 
lihrix); B* mesenteroides, forming masses like 
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gtoifths of men and animals snflericg from taber- 
oolar oonsomptioD or phthisis ; B. UprOt in the 
diseased skin of persons suffering from leprosy ; 
B. malUU in men and horses affected with 
glanders ; B. iypJtosum, in the spleen and intes- 
tinal glands in fatal cases of typhoid fever ; B, 
acidi lactici, in sour milk, the manufacturer of 
lactic acid ; B. cyanogenum, in milk, causing it to 
turn deep blue ; B. pyocyaneum, in pus in badly 
dressed wound.s, producing an emerald-green 
' colouring matter ; B, alveU causing a disease 
: in l)ec-larvtt) known as foul-brood ; B. urett^ in 
urinals, causing tho ammoniacal fermentation 
: of urea ; B. aceti, the vinegar ferment, causing 
' tho conversion of ethylic alcohol into acetic 
; acid, occurs in vinegar factories; B. prodi- 
■ gio.tum, cau.sing blood-red staining of bread, milk, 
<t:o., leading to public alarm, and regarded as 
a portent; B. ovaturn, causing tho silk-worm 
disease known as * pebrino ; ’ B. cuniculicidum, 
causing a specific scpti(‘iDinia in mice and birds: 

. B. cliolene gallvuirum^ in tho blood and in the 
intestines of fowl.s suffering from chicken 
cholera ; B. jmeumonun cronposoi, in the exuda- 
tion in croupous i)nouinonin of man; B. Kocjiiit 
Koch’s conima-hacillu.s, found in tho intostincs 
of persons dead of Asiatic cholera (this is a 
spirillum form wdiich breaks into comnia-Khapod 
KeK'inent.s ; it is not prov(?<l to have any causal 
relation to cholera) ; />’. Finkleri, similar to the 
last but larger, oc.eiirs in ordinary diarrheea ; 
B. bui'cale and It. Lcivisii, spiral and filamen- 
tous forms breakitig into eoinina.s which occur 
in tho liealthy human mouth. 

(hmus Micuococcus. 

Species: M. pyogenes, in acute abscesses; 
M. eryiipilitosus, the cause of ery.si]>elas in 
man; M. varioUe, in the pustules of small-pox ; 
.If. //(OKw/ircif, probably lh»' cause of gonorrheea; 
M. iMnnbycis, causing tlio disea.so in silk-worms 
known as llaccicb'zza; ventricuU, in the 
human stomach, observed in vomit, the 'saroina 
vcntriculi’ of Goodsir; M. scarlatin,T, probably 
the oau.seofscarlet fever in man, and of a disease 
of the udder in cows ; M, rabidornm, tho cause 
of rabies, not satisfactorily isolated as yet; be- 
pidps a li.st of twenty or tliirty more causing 
sjHvial kinds of pyaunia in such animals as 
rabbits and mice, or producing well-marked 
* colouring matt(!rs in colourless vegetable or ani- 
mal infusions, gmen, blue, rod, yellow, purple. 

I’or a compli'te enumeration of tho supposed 
*spe(^iea’ of Jtacteriacow which have been de- 
senbed, together with a description of each 
; pp's-ies and many illustrative figures, tho reader 
j js referred to the cxtriunely useful and irtui- 
j wi^-thy tro.atiso by Dr. Edgar Crookshank, en- 
I tilled A ^Fanual of Bacteriology, published bv 
11. K. L?wis, London, 1887. Dr. Grooksbank 
gives complete references to the original de- 
seription of every known species and to the 
; suboCipient literature. 

' Chemical relations of the Baotoriaeese.— Tha 

above incomplete list gives some idea of the im- 
portanco attaching to these minute organisms. 
It is an importance entirely depending on the 
I variety and peculiarity of the chemioal deoom- 
i positions and reconstructions which they axoita 
^ in tho organic oomponnds forming aithar tht* 
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jinifnMBi Wiftbout Baoiiriii urn voald ba ao tobiUaoM, and thal vidioat them there u m 
ioeh thing m patrelhQtioa« and thereCore no potiefaetion. JUtar, Paetaur [10}, in oppoii- 
oinmlation of too ormnio elementi from their tion to laebig, extended Sohwaon’e obeemtioot 
mme etable oompounda to the eon<htion of albu- and ooneloaions, mid eatabliahed the dootrine of 
mena, fata, and sugars, and back again to the j organised fermenta,whioh has pro ved of immenie 
Btable reaalts of putrescence. The earth’s sur- j practicai iraportiince, and is as yet only at the 
laee would be cumbered with the dead bodies oomiuenceinout of its history. The foundation 
of former generations in which the carbon and of the cxperimontal demonstrations of Schwann 
nitrogen now serving as the food of plants would and of Pasteur lies in the fact that the living 
be permanently locked up. All the evil smells protoplasm of the Pacteria i ' destroyed - that 
which are not directly due to the chemist, are, is to .^ay, uinlergoos an irinvocable cluMuical 
with few exceptions, duo to the action of Bac- change -when subjected to a temperature below 
teria. Many valuable commercial products, or about that of boiling water. Consequently 
SUoh as acetic acid, lactic acid, and llavouring it is possible, by the action of heat, to destroy 
compounds such us butyric acid, are obtained the Paeteria present in an experimental vessel 
through their agency. The purjgent fumes of ami its contents, and to protect th<' contents 
atable refuse are <'auscd by their action on urea. ; from the fnrlhi*r accession of Paoteria. Py this 
It is almost certain that they too are the agents i method, ami by this imUliod alone, it has been 
of nitrification in the soil— one species of Pao- | possible to prepare organio infusions, ns well ai 
terium (or Micrococcus?) converting the am- ! solid gelatine, albumen, Ac., which, whilst 
monia produced Vy anotlier, into nitrates and | cai>al»lo of supporting tho lifo of Pacteria, are 
nitrites. Some Paidcria produce highly poison- i yet free from tlieir |)reseneo for tin' time being. 
OUB bodies by their action on tlie albumens of ! Such substances are said to bo ' sti iilised.' 
dead animals an<l plants; amongst these pr)ison8 ; Tiny can he iiioenlal 'd atphiasure with lhu;tor?a 
aretheptomai'nes.whicli have reci'iitly excited tho I and tho elTeefs of the inoculation studied. In 
attention of chelni^ts <)!. Other Paoteria make j onb r to piwure the Ihicleria for inoculation in 
their way into living animals ami plants and , a state of purity, 8j'*'cial metliods ljav<' been 
there produce poisonous decompositiori-[)n)ducts ' dovis«.d. So abundant ami vnrii'd are the, kinds 
from tho albuminous constituents of the organ- j of Jtacteria present in nearly all miturnl organifl 
iara, which are recognised in thoir cITeets uieler material, that any rough process of inocula* 
such names as spb*nic fever, scarlet fe\er, ! tion will introdneo many kinds of Pacteria 
phthisis, rabies, .ve. It appears that there aro simnliam ou.sly into a Kb;rilisi'd me<lium. Ta 
many kinds of nacteria which aro parasitic in separate the various kinds of Paeleria for thl 
and on the bodies of men and of other animals, purpose of study of eaeh in its isolated oon- 
the results of whost! chemical activity is not dition. Ihrei’ principal methods aro employed, 
injurious, whilst other kinds (or possibly tho The first apidie ;, as ..1. d^y>i^no\vn, to but one 
same kinds under changed conditions) produce kwlAhf' Sp nn/uicti'i'iion {fiacillus) snhiih. Tha 
deadly results. Other kinds again, it now seems dry spores this Ihicterium resist tho deKlruc* 
certain, aro not merely innocuous but actiially live eiy.-ct of isdiing wab r for as much as 
necessary to the healthy lifo of the. animal they lltiei r» minut< s, whilst all other known Pacteria 
inhabit. TJio digestion of food in tho alimentary are destroyed by it. lleneo we have only to 
canal of man and other animals is largely aided boil old iiay in water for a f< w miiiutes in 
by the Bacteria which aro present in tho intes- order to obtain i pure cultivation of P. subtilo. 
tine in oountless myriads, and it appears that Tim soeond metloxl (due to Niigeli [11 j) is that of 
the products of digestion owo their chomieal < fractional dilution, (liven a lirpiid Bwarmiug 
characteristics in no small degeee to the Pao- | with a mixture of various Paelejia, of which it 
toria. In tho absence of the normal para.^itio | is estimated by insp*elion that one imliviclual 
Bacteria the products of digestion in the Jiuman in twenty is of tin* kind it isdesirefl to cultivate, 
intestine would, it appears highly prol»able, bo Piluto tho liquid to such an extent that one 
of such a nature ns to act jwisonously when «lri>p of it should cr^ituiu but u sijigle bacterium, 
absorbed into tho blood. When to these con- . TJien it is probable that every twentieth drop 
Biderations wo add the fact that the Pacteria ; will contain a single iwilated individual of the 
arc ubiquitous, abounding in tho dust of the air, j desired Pacieiium. Fifty tubes of sterilised, 
in all natural waters, and upon all surfaces j nutrient material am prepared, and i; to ..ach n 
whether of animalo or inanimate objects which | single drop of tho minted Pacterium-holding 
have not been chemically cleansed within a ' fluid is intr(»duced. One, or possibly more, of 
few seconds of their examination, some idea j the tubas will Urns bo inoculated with an iso- 
may be formed of tho immense iniportaryc Mated example of tho <b ired Bacterium, which 
which belongs to the study of the Bacteria in i will multiply in the Btcrilisfid nutrient material 
the immediate future. and thus yield a pure cultivation, and can ba 

Methods of Study. — At present tho state recognised by tho microscope. Tho ill ird method 
of knowledge of tho chemical relations of the is due to Bn f.*ld, of Itcfrlin. By streaking with 
Bacteria is extremely fragmentary. They were a no' dlo point a minute drop of fluid containing 
originally discovered by liceuwenhock [7], tho various Bacteria, over a surface of solid sterilised 
Butch naturalist, in the fluids of the mouth, gelatine, the various Bacteria will bo locally 
and various forms were subsequently seen with irohitcl along the courso of tho streak. They 
the microscope in natural waters, ponds, Ac., will remain thus separatrfd from one anotbiw 
and described by Ehrenberg [8] and others. It and commence to multiply in situ. With a low 
Drm Theodore Schwann [9], however, who, in power of the microsc<»pe and a fine needli 
t886t» demonstrated by a simple experiment that : samples can be now removed from the variotif 
V^VoL.!. 
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in tftMiof ftorillied ontrirat; nui^l for 
IttrUierooUiTtUon and atadj. Similar iaolation 
la eifeoted by mixing liquid gelatine with a 
dilote infected liquid ; when the gelatine solidi- 
fies, the various bacteria are embedded apart 
from one another, and grow in isolated patches, 
which can then bo removed and separately 
studied by further cultivation. 

Conditions of life required by Bacteria.— 
Otneral resulta. (a), 

1. The first general resultof these methods of 
study has been to determine the ubiquity of a 
large number of diilerent kinds of Bucteria, and 
the comparative rarity of others. More will be 
said below as to the study of the distribution of 
Bacteria in air and water. 

2. The Bacteria are found to differ from one 
another in their relation to free oxygen ; the 
adrobio (Pasteur) will only multiply in the 
presence of free oxygon ; the anaerobic will not 
flourish except in the abaonco of free oxygen, 
or at any rate are indifferent to its presence. 
Thus B. anthracis is eminently aerobic, whilst 
the Bacterium of malignant mdema is anaerobic. 
The hay-bacilltiH (B. subtile) is aerobic, the 
butyric bacillus of cheoso (very similar to the 
former in appearance) is anaerobic. 

b. The source of nitrogen required by Bac- 
teria for building up their protoplasm is various. 
Very many can take it in as low a form of com- 
bination as ammonia. Others require it in 
higher combination, and some either require it 
in the form of albumen or at any rate can take 
it from albumens. It is from albumens that 
some of the most remarks ble products formed by 
Bacteria result. bo little doubt that 

the first steps in this process are comparable to 
the digestion of albumen by animal cells. It is 
not ascertained that all and any if^cteria can 
attack albumens. The exact range of the chomi- 
oal quality of the nitrogenous food possible to 
each species of Bacterium has yet to be deter- 
mined. 

4 . The carbon required by Bacteria may be 
taken in as low a form as acetic acid by cer- 
tain species ; others can take it from tartaric 
acid; others can <io with nothing lower than a 
sugar ; others again require glycerin or a simi- 
lar body, and others apparently require their 
oarbon as well as their nitiWgen to bo prosonted 
in the form of a protoid. Thus it results that < 
many Bacteria can be nourished by solutions of 
ammonium tartrate alone, whilst the limits of 
complexi%- of necessary food-compounds has 
various ranges in other^speoies, nil of whioh 
require accurate dotenuination by the chemist. 
Idttlo has as yet been ascertained in this 
direction, but recently Dr. Roux [12] of the 
Pasteur Institute, has made an extremely im- 
portent observation showing the necessity for 
extended research of the kind. It was found by 
Kooh extremely difficult to cultivate the Bacte- 
rium tuberculosis, even upon blood-senun kept 
at the normal temperature of the body. Roux 
found that the addition of a minute quantity of 
glycerin to the serum led to the rapid and 
abundant growth of the B. tuberculosis supplied 
with that mixture; and further, that an ordinary 
meat broth which alone cannot serve as pabulum 
: lor the B. tuberculosis, when mixed with a 
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efBeient Botriaot madnut for thia apMiat. liU 
highly probable that other aoqh special require^ 
mems m regard to the chemical nature of thf^ 
food, exist in respect of other species of Bacteria, 
whilst others again are more catholic in their 
nutrition. 

6. Water is necessary for the growth of 
Bacteria as of all living things. Most Bacteria 
will flourish in the presence of that small amount 
of water in proportion to solid matter which 
suffices to constitute mere dampness or moist- 
ness. Bacteria are not killed by partial desicca- 
tion, but none resist thorough desiccation. In 
this respect important variations have been 
determined in different kinds. The spores of 
the Kndosporea liavo a special power of resisting 
desiccation. 

G. There is an optimum temperature favour- 
ing the growth of Bacteria, which ranges in 
various species from 10'-^ to blood heat. Ex- 
periments linvo been made pxrving that certain 
species of Bacteria are killed by extreme cold, 
whilst all are arrested in growth during expo- 
sure to the freezing temperature of water. The 
most careful observations have been made in 
regard to the effects of exposure to high tempera- 
ture. Exposure to a temperature of 100° for 
five minutes kills all Bacteria except those be- 
longing to the Endosporen, the spores of which 
can resist the effects of this exposure for half- 
an-hour, and possibly longer. Many Bacteria 
are killed at lower temperatures (e.^. 80°), but 
careful experiments are wanting. 

7. Experiments as to the effects of diminution 
and increase of atmospheric pressure upon the 
life of Bacteria have boon made, but without 
reference to particular species. Diminution of 
pressure is not known to have any influenco, 
whilst experiments made by the writer show 
that a pressure of thirty atmospheres docs not 
hinder the dovelupment of putrefactive Bacteria 
appreciably, though modifying the chemical 
results of their life - processes. Extremely 
high pressures are stated to be destructive of 
Bacteria. 

8. The influence of light is, according to tha 
experiments of Downes [13], inliibitory to tha 
growth of certain Bacteria, but the species M . 
affected have not been determined. This is in 
accordance with the absence of protective pig- 
ment in most species, and the general fact of 
their growth within turbid liquids and beneath 
the surface of solid bodies away from the light. 

9. Like the yeast-plunt, which creates a 
poison (alcohol) in the nutrient fluids in whioh 
It grows, which after reaching a certain per- 
centage causes the avrost of growth and the 
Bi^bHidence of the yoast'Cells— so the Bacteria 
are limited in their growth by the existence of 
products of their own formation. These pro* 
ducts have not been investigated by Chemists, 
But it appears to be established that putre- 
factive Bacteria growing in a nutrient mediam 
flourish foyr a time abundantly, then suddenly 
cease their growth and sink to the bottom of the 
vessel in which they have been growing, although 
the itourishing material is not exhausted* A., 
further and exact investigation of this pboD^ 
menon by the chemist in regard to vaEkivii 
species of Bacteria must lead to moUl 
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10. A oondition of tho life of » given ipeoioe th« antinptlo ohomioal, hove to bo distin^iihod. 
of Baeteriom is found in the presence of other It is also needinl to inquire how far such *aati* 
•peciesof Bacteria. Frequently one species of septios/ without killing or inhibiting Bacterial 
Baoterium is tho indispensable friend and may modify the physiological processes and 
associate of a second - preparing by its chemical chemical results brought about by the latter* 
activity the pabulum on which alone the see.ond Tho most powerful and generally eifootive 
can thrive. An association of tho kind is seen poison for Bacteria appears to he corrosive kub* 
in what is called the vinegar plant, whore . limate. The presence of a;> little as 1 in 10,000 
Myooderma prepares from starch the alcohol ' of this salt in a nutrient Iluid has been found to 


which tho Bacloriuin nceti converts into acetic 
acid. So, too, tho Bacterium of anuuoniacal 
fermentation is tho antecedent of tho Bacterium 
which converts ajiimonia into nitrite.s and : 
nitrates, hhiually important is the inhibition 
and possibly the destruction of one species of 
Bacterium by uuother. Very little has boon 
asoertained on this important matter, but it 
appears that llie presence of certain putrefactive 
Bacteria in a nourishing medium will actually 
prevent the Jcwl pmont and growth of certain ; 
pathogenic species of Bacteria, although theso ! 
are present in small numbers. Apart from the ; 
question of po.ssible s])OcUic incompatibility of ; 
two Bacteria, it a]>pearB that the question of 
quantity (e. Cheyno [14J) is important. A species 
of Bacterium which is at tho commencement 
of an inoculation experiment one hundred times 
more numerous than a second species, may by 
its rapitl development and numbers prevent 
altogether the growth of the second species. 

11. Tho question of tho conditions of life of 
the Bacteria involves the very important one of 
their tolerance of the presence of various che- 
mical substances in the liquids in which they 
grow, those substances tho presence of which 
is not tolerated by the Bacterium being called 
‘germicides’ or ’antiseptics.’ On account of the 
practical importance of destroying or inhibiting 
the development of putrefactive and pathogenic 
Bacteria, a good deal of attention has been given 
to this subject by chemists, but unfortunately 
it is only recently in tlio laboratory of Koch 
[15] that experiments to determine the germi- 
cidal action of chemical substances have been 
made with the necessary discrimination of tho 
species of Bacteria which were the subject of ex- 
periment. Tlie fact is now definitely cstabliHlicd j 
that some species of Bacteria are killed by cho- ! 
mical substances which do not injuriously atTect | 
others, and that tho amount of such substances : 
which is effective varies in the case of difTereut I 
species. Tho inquiry has only as yet been com- j 
menced, but it is of immense practical impor- 
tance, since it may bo possible to discover ‘ ger- | 
micides’ of a generally innocuous character 
which are specific poisons for certain disease- 
producing Bacteria, whilst harmless to ttXut 
Bacteria and harmless to the higher animals in 
whose tiiis'ies tho pathogenic Bacteria flourish. 
Thus weak solutions of quinine sulphate are 
poisonous to the Bacterium urecB, whilst not in- 
jurious to putrefactive Bacteria. Such a solu- 
tion c:in be injecte<l into the Uu/nan bladder 
without causing irritation, and thus tho inflam- 
, mation resulting from the amrnoni.'^cai decom- 
position of the urine in the bladder by Bac- 
: Isrium urcte, which sometimes gains access 
Ib^to, can be entirely arrested. In this 
ibe differenoo between actual dostruc- 


kill Bacteria present. Phenol is also a general 
and powerful gormioido. Boracic acid also and 
common salt in largo quantities are elTeotive. 
The nature of their action and their elToctivenesi 
in regard to different species of Bacteria have yet 
to bo accurately dot«'riuinod. Ant iseplic surgery, 
tho futurn troatmeni of aymotic disease, and tha 
preservation of perishable articles of food, depend 
upon the further di.scoveric8 of chemists in regard 
to this matter. It is not im])robablB that tha 
most elTective and useful germieides will ba 
found in chemical Bubstunccs which, like quin- 
ine, resemble thoso inhibitory products whioh 
are produced by the Jiacteria themselves and act 
as the natural obstacles to their excossivo mul- 
tiplication. The more gein'ral question of iht 
tolerance of or necessity for tho presence on tha 
one liand of free acid, on tho other of free alkali 
in tho nutrient fluids suited todiffuront Bacteria, 
belongs hero. It has been studied in regard to 
many Bacteria in a rough and ready way. Boma 
Bacteria will not flourish in acid media, othara 
will; but accurate quantitative investigatioof 
arc still wanting. 

The products of the a ctivity of Baoteria,-* 

When a species oMIflMMaaia grows in a nutrient 
fluid of known chemical compr>siliou with aooesa 
to a detujjto and limited volume of atmosphtric 
oxygen — under given conditions of temperatura, 
pressure, and illumination-certain chemioal 
interchanges occur in the materials contained 
in the apparatus. These can be accurately de- 
termined in certain instances, and the variation 
of tho quantity of change in relation to time can 
I bo stated. Various factors of tho process, suob 
; as temperature, presence or absiuico of initial 
chemical substances, d’c., can bo varied, and tha 
results slated and compared. In no ease has HUoll 
an experiment as yet boon accurately mode by i 
chemist. Nevertneloss, wo know roughly that, 
in the supposed experimental apparatus a^t* 
indioatod, there will bo after a certain time in 
increase in the weight of myoojirotoin and albo- 
mens existing in the form of Bat^Viriu, and A 
corresponding diminution in tlie C, il, N, wB 
0 of the other material in tho apparatus. Kbii 
only this, but wo find certain new chemioal OOltt- 
pounds present outside tho actual substanoa of. 
the multiplied Bacteria which result from amt 
accompany the growth and life of tho pariioolar 
species experimented upon. The same genarill 
statement is true of any higher organXim 
relation to its necessary pabulum; but whamiB; 
in largo multicellular organisms the raaoltbif: 
products of the life of the organism aia tani*'' 
porarily or permanently held within tha miii 
of the body, in the minute unicellular BaotaiiA. 
there is no taking in or envelopment of tl|d; 
materials to be acted upon by the living tbfaif, 
but the organism gets into its food inite^^ 







1b$ lood Itttiiii into It i 6<mfa<|Q«ntiy prboelMi 
ibiiip«nibM to toe digeitire ond ereo to toe more 
de 4 q;><feftted metabolic procosaes of higher organ- 
ismi take place in the nutrient liquid in which 
the Bacterium livea, being initiated at the aur- 
lace of the awamiing cella constituting the colo- 
niea of these minute planta, and aorving their 
economy eijujilly us well as though they occurred 
In an alimcntury cunul or in a aeriea of blood- 
vessels and tissiiO-Bpaeos. The chemical changes 
induced by lJucteria should bo studied from the 
aame point of view as that taken by the physio- 
iogist in regard to the activities of the various 
Cells of the tissues with their diverse and specific 
funclhms. Wo are not yet in a position to tn-ut 
the Huljject from this stamlpoint hut wo can dis* 
tinguish with more or less certainty results j 
traceahlfi to resjii ration, digestion, assimilation, 
■ccretion and exereticn ; the chemical eorrehi- 
tivea of these processes are changt'S dtiscrihed as 
de-oxidation, oxidation, Hi)ecilio fermentations, 
fpecilic syntheses. 

The obi'ioiis results of tho activity of Hacleria 
(aetting aside tho probably universal evolution 
of CO,^ and consumption of free O, common to 
the Ilactcria and all living protoplasm) though 
by no means necessarily the most important in 
regard to their own i>hysiology, aro tho produc- 
tion in the liquids in which tlioy grow of (1) 
giibstaiKK s having distinctive smells and fla- 
vours ; (’J) substances liaving brilliant colours; 
(3) substances liuving eminently poisonous ])ro- 
porties ; to tlu'so may be added such remarkable 
re.sults of oxidation as tho manufacturu of ni- 
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Bacterium ll coiiiviM in a pora soltttion ol 
ammomnm tartrate (with traces of mineral salts) 
often called Posteur^s or Cohn^s solution. Thus 
the Bacterium of blue milk can be grown and 
made to produce its bluecolour from ammonium 
! tartrate, the Bacterium of green pus similarlj, 
and many of the chromogenic Micrococci, whilst 
some of the specially active putrefactive Bacteria 
manufacture foul-smelling products from the 
same salt when experimentally nourished with 
it. 

In regard to tho second group, that of sub- 
stances resulting from a breaking down of higher 
chemical bodies brought into relation with the 
Bacterium (and that probably by the action of a 
secreted ferment which may be minute in 
amount and possibly never separated from the 
surface of tho Bactcrium-coll), wo have to note 
first of all that the ferment itself belongs to the 
previous group. Secondly, that various species 
j of Bacteria liave been shown i,o*pro<luC 0 ethylio 
I and other alcohols in this way —from sugar 
, and similar bodies— as does the yeast-plant 
; (Saccharoinyces). Fitz [17] has shown that 
j a certain llactorium converts glycerin into ethyl 
' alcohol, whilst another converts it into butyl 
i alcohol. Other Bacteria have been sliown to 
I convert sugar into gum or into jnnnnito, pro- 
I ducing the so-called ‘ropy fermentation’ of 
syrups, wine, and beer. Urea is converted into 
carlHinato of ammonia, hippuric acid into 
benzoic acid and glycocoll. Albumens are 
j broken down into bodies which have not been 


trah'S in soil, of ue* tic acid in vinegar factories, 
Slid tho miuiifi'stuliun of_li<'ht ~ tho phosplioies- 
ceruje of (b!cayiin,'"-..,uancs, and other organic 
rofuse. ^ 

'riie chemical iiaturoof the suhstan^es which 
are thus preihuM'd, the hy-]»roducts which ac- 
company tlu'iii, and the nature of the proces^^cs 
by which tlicy aro origiiiatod, have not yet formed 
tlie subje ct of c)u luical investigation to any 
largo evtcul. Such knowledge as wo have is 
duo to I’astcur [lOj, to FiU [17], and one or two 
others. 

It socihh prohablo that we may distinguish 
amongst these results those which aro tlue to 
synthosis, by tho Bactoriuin acting on lower 
compounds taken into its substance, and thoso 
which aro due to analysis resulting from tlio i 
action of feniumts and other agents secreted by 
the Bacteria and acting on surrounding material 
of a high degree of cheniioal complexity. (K 
tho nature these forinon^s wo know nothing ; 
their oxistcnco is hypothetical but highly pro- 
bable. To tho first category belong certainly 
tuuny of tho brilliant pigments which tho Bac- 
teria produce ; in most eases these pigments are 
iolublo and pass out from tho protoplasm into 
the aurrouuding water. In Bacterium rubrscens 
tlie wine-red pigment is not soluble, and remains 
where it is manufactured in tho colls of tho 
nlant. Tho remarkable smelling substances 
fomed by putrescent Bacteria also belong to 
this group of built-up products, and it is pro- 
bable that tho poisonous products of some 
jwthogenoufl Bacteria, though not of all, are thus 
tiaborated. The chief experimental reason 
which wo have for concluding that these bodies 
Art built up by the Bacterium from lower com* 


driorruined in many cases, hut ineludo tho 
jitoniahies, nenridinc, and trimelhylvinyl-ani- 
monium hydrate. Various Bacteria as well as 
the Hpecitic Ji. lacticiy produce sm.ill quantities 
of lactic acid from various suhstanci s, sucli as 
grape-sugar, milk sugar, and glycerin, whilst 
posses^iing other ferment-producing aclioti also. 
Butyric acid is freiiuently produced in those 
processes by otlier Bacteria as well as by the 
B. hiityricum of cheese-factories. Exact know- 
ledge is, liowcver, sadly deficient in these 
i matters, owing to tho fact that hitherto cliemists 
liave not becui careful to ascertain what species 
of Bacterium is present in tho fermentations 
studied by them. Owing to this we do not yet 
know whether in dilTerent nourishing fluids and 
uiuior dilTerent conditions of access of oxygen 
dnd of temperature, the same Bacterium can 
produce different fermentations. Such know- 
Ic-ilge as wo have tends to a positive answer to 
the above question. One of tho best rcsearohes 
I with a known species of Bacterium is that of 
j Vundoveble [18], on tho l\ay bacillus (B. subtile). 

Since it is probable that there is this change 
! of obemical activity under changed conditions, 
it is also probable that a Bacterium which if 
harmless under ordinary conditions of growth 
. may, when specially cultivated in albuminous 
media, acquire the property of living in the 
animal body as a parasite, and there cause 
deadly disease by its fermentative action, or by the 
secretion of poisonous products. Buchner [19], 
starting from this theoretical consideration, baa 
endeavoured to produce tlie deadly B, anthracU 
of splenic fever from tho hay baoilluB [B. 
and conversely to restore the parasitic foim m 
I cultivation to the primitive atate* Hia expetf* 




^liiiin* 

It ii diffloalt to hMtfd a gaeit m to whothor 
tlio poisonotta effects of any given Baoteriom 
prov^ to be eonoeraed in the production of 
disease, are doe to the secretion of a poison by 
the Bacterium or to the production of one by its 
fermentative action upon llio constituents of tlio 
blood, tissues, or intestinal contents. The che- 
mical theory of the antidotal action of inoculutioii 
with various ‘ vaccine ’ cultivations, which is 
that favoured by their chief discoverer and in- 
vestigator, M. Tasteur, would seem to involve 
the hypothesis that whilst the elTectivo poison 
ia a secretion of the Jiactorium, the antidotal 
material is a chemical comiK)und resulting from 
the fermentative action of the Bacterium, (juito 
distinct from tlio poison. Tliis fermentation- 
product by its acxnmiulution inhibits the de- 
velopment of the Bacterium as alcohol inhibits 
the further growth of the yeast plant by the 
fermentative aev'^'n of which it has been formed. 
The phagocyte theory of Metschnikow [2()J in ro- | 
lation to preventive inoculation does not involve ■ 
this distinction (sec below). I 

The oxidising action of Bacteria must be j 
considered merely as a special form of their | 
fermentative action. By the latter they produce j 
intcrmeiliuto chemical substances which are i 
readily oxidised by the free atmospheric oxygen. ! 
It is probably thus that acetitioalion proceeds ‘ 
when li. aci’li converts ethylio alcohol into ! 
vinegar or when organic nitrogenous bodies and 
ammonia in the soil are converted into nitrites ' 
and nitrates. There is no evidence of a specific 
oxidising action on the part of the Bacterium. 
The phosphorescent substance produced in stale 
fish, old bones, meat, d:c., under certain con- 
ditions by certain Bacteria (as yet not precisely 
determined) may bo regarded as an example of 
one of these intermediate oxidisable substances. 
The oxidation in this case is accompanied by the 
evolution of light. 

Special Study of the Occurrence and Dis- 
tribution of Bacteria in the Atmosphere and in 
Potable Waters.- The ubiquity of Bacteria has 
been demonstrated by the use of sterilised nutri- 
ent fluids. If such a fluid be touclied by a glass 
rod or by the finger or by any surface notchemi. 
oally cleansed, Bacteria are conveyt-ci into the fluid 
and multiply there with enorinous ra}>idity. 
Gelatin has been used as a means of studying 
the number of Bacteria pre.scnt in the atino^pliere 
or in a sample of water {v. I'ercy b'rankland's re- 
searches [21 j). However modified, the process is 
essentially this ; a given volume of air is pasj cd 
through a liquid so os to arrest all Bneteriu pre- 
viously floating in tlic air. The licjuid is then 
mixed with gelatin, wanned to liquefy th<^ gela- 
tin, and rapidly cooled os a thin layer on a plate. 
The Bacteria develop at various separate points 
in the gelatin, giving rise to spherical grow'tlis j 
or nests. Those are then counted, and the 
■pecics present may he discriminated by further 
cultivation. Where water is the subject of in- ; 
vestigation tlie gelatin is directly mixed w'ith a 
given volume of the water. The results thus : 
obtained have only a .subordinate value from the j 
point of view of the hygienist. The majority . 
of Bacteria are }>crfectly innocuous, and their 
franco ia not— m has been too readily m- 


of ^0 pioMlopniMiQi 
of ^Othomaio Boolario. Ko aoch luiliittl aiao^ 
eUiton of pathogenic and innoouooa Bacteria lii 
definite proportions has been ascertained, and 
its assumption ia not warranted. It is necessary 
in all cases, if the results are to have hygienio 
value, to distinguish the kinds or species of 
Bacteria present and to ascertain their proper* 

I ties, h'urtlier, it is quite certain lliat all speoiM 
j of Bacteria will not tlmirish iii gelatin oven 
; when mixed with peptonj* or such bodies. For 
I instance, one of the most im]HU‘tiint pathogenic 
; Bacteria —that conceriieil in tuhevcular consump* 
tion - will not do so. A special pabulum is needed 
for this Barteriuin, and its prcsenci' WiUild not 
bo indicated by the ordinary gelatin cultiva- 
tion of the contents of a given volume of air. 
Ileneo it seems necessary that in addition to 
careful discriiniimlion of the Bacteria obtained 
by sucii exjicriments on alniosjdu'iic and aquatic 
distribution, tliero should be a syKteinatic uso of 
various cultivating media for the purpose of 
demonstrating the presence of various kinds of 
Bacteria. No doubt many kinds can be scourod 
by the pepionised gelatin method, but if the 
results of such studies ai o to have any qualitative 
hygienio significance, other cultivating media 
mu.st bo simultaneouRly made uso of. All the 
work at present done on this subject roquirea 
doing afresh from this point of view. 

Special Study of Pathogonio Bacteria.— A 
largo number of most important observatiom 
have been made of late years by pathologist!— 
especially by Lister, rusiour, Koch, Klein, and 
their pupils — demonstrating not only the 
I presence of Bacteria in the blood and tissue! of 
I man and other ^yii^j^j^awhcn in a state of 
j disease, but alSv pr» vlngTt^ certain number of 
! cases that the BkeVeria are the cause of Bpeoific 
I disease.^ The proof, which is suilicient, and has 
' been furnished in a limited number of tiiHlanceB, 
consists in— 1. The constant presence of a 
I definite form of Bacterium in the diseased 
; animal and in the specially-diseased parts of it. 

2. Its successful removal from the diseased 
animal, and its pure cultivation on media froa 
; from all contamination by particles of tlio dis- 
; eased animal. - il. TluM'Xjx’rimcntal introduction 
of the cultivated Bacterium into tlie body of a 
' healthy aniina' liable to tlie disease in question 
but free from — i. The Biibsoquent dovelof^ 

inent of the diKcase in tlie inoculated animal. 
This proof has been furnislicd in regard to th# 
connection of TJ. antJiraris with sjilenic fovov 
in cattle and sheep, and iiialiyj^juit ]>ustaio in 
in.an ; in ri’gard to//. tulM'rculusiH&uil eonsump*, 
tion or phthisis in man and animals ; in regard 
to Ji. dwlertn gaUinm and the cholera of fowls; 

; in reganl to Micrffcocrus erj/sipetuiosun and ory* 
si[>elasof man ; in regard to certain Bacteria and 
Kcpticiomic and pyii jiii*; conditions in rats, mioo, 
rabbits, ami birds ; and in regard to some other 
diseases of animals. Htich a connection ie 
strongly suspected, but not yet proved in tha 
complete manner formulated above in regard tO 
certain observed Bacteria or Microcricci, and tha 
following discaseB.vi/.. small -pox, scarlatina, diph> , > 
theria, typlioid fever, cholera a'<iatica, molariit 
yellow -fever, gonorrhoea, (fcc. The first deflnitt i 
researches in this direction, which were imxnilkUo 
ately accompanied by pi acticoi result! of attar* 
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iiio«i''nhii;''''99^'''i^^ 
whaihowed ibtttbe htood^poisooiiig io i^mat 
in erowded hospitals after surgical operations 
was duo to the access of Bacteria to the wounds 
where they multiplied and nianiifaetuied poison- 
ous products (aepaino, ptomaines?) which wore 
absorbed into tho blood. Jiistor adopted mea- 
sures for preventing the access of these Bacteria, 
chiefly by the use of phenol and great cleatjliness 
in instruinentH, dressings, d'c., and thus estab- 
lished the antifl*!ptic syistem of surgery. 

It is reinarkablo that the re.seurc-lies winch 
have bficn made on the relation of Jiucleria to 
disease lmv(j boon mostly of a purely empirical 
tharucter. Almost the only investigator who has 
carried the rnaltcr further {and with tho iiio.-it 
brilliant results) is the French chemist Pasteur. 
Tho fact in tliat the question as to what the 
Bsotoria do aflor ortorin;_; an animal body is, 
Uko the question of their action on siibslances 
external to the body, essentially a chemical one. 
J'ollowing up tho observations of Tnussaint, 
I’usteur was led to ttjo discovery that the 
JJartfi'inm (infhmcis wlicn cultivated in bndli 
could l>o made to assumo a condition in which 
its viriibince was greatly (iimiiiishod. Noverllie- 
lesH when introdms'd into the tissues of a sheep, 
the cultivated liautoriuiu iniilti|»Iied, and as a 
consequence of its growth rejuh;red the slu'cp 
no treated re sistant to the attacks of tho virulent 
Bacte rium unthracis taken from another anitnars 
blood. 

it was known that an animal wdiich had 
survived an uttuek of the virulent 1). anthracis 
was thendiy remh'n'd ‘ iminuno ’ to suhsenuent 
attacks, just as one at(a<ik of smalI-])ox renders 
its survivor ‘ iinmiin^^w»i^i >! to that disease. 
Baslourc<mceived the theory that tho Bacterium 
causing the disease in all such ca.ses nrodneos 
as a by-product -independent of its^speeific 
poison -a chemical Hulistanco which inliibits its 
lurthor growth (as in tho case of tho alcohol 
produced by tho yeast plant) and that this 
■ubstttuoe remaining in tho animal body pro- 
tects it from being tho scat of furthor growth 
of tho pathogonio Baeleriinn. The modified cul- 
iivatod variety of B. anthracis equally ])roduces 
Ihis^ Biibstaneo, and eon.sequently acts as a pro- 
tective against tlio incursions of tho virulent 
term. Similarly cow-pox is to bo regarded as 
Wjo result of tho growth of a msdilied small-pox 
Miorocooous, and thus the protective effects of 
inoouhiUon with cow-pox are to bo explained, 
applying this conception Pasteur lias success- 
telly protect^ Ji,' nvl8 against fowl -cholera, and 
BEH boon Jed to his grealesMriuinph, tho pro- 
lootion bv inoculation against rabies and tho 
ittoocssful treatment of persons bitten by rabid 
logs. 

It is oxtrenudy interesting and important to 
wsorve that tho discoveries which have been 
lufcdo in this subject are duo to chomioal con- 
Mptions. Novorlheless there is much proba- 
in tho view put forward by Motsohnikow 
\% mstinguislied zoologist, now director of tlio 
Baetoriological Institute of Odessa) to the effect 
that protective inoculation does not depend u}K>n 
ht development within tho inoculated animal 
H awroiioidal poison, resulting from the growth 
a Ihs very germ which is killed or inhibited bv 
uat .|Khbou, but is rather due to the education 


! plying in tho blood and tissues. This propoHjf 
^ of the white corpuscles leads Metsohnikow to 
i term them ‘ phagocytes,’ and, according to hiiOi 
preventive inoculation depends for its eilioacy 
on tho fact that, having loamt to resist and 
destroy a weaker modification of a pathogenous 
Bacterium, they are able to deal subsequently 
; with the more virulent variety; whilst it has 
h' cn suggested that in the struggle between tho 
phagocytes and the inoculated modified Bacteria, 
there must bo a survival of the fittest and a 
' consequent strengthening of the later generations 
of phagocytes in tlio protected animal, 
i However this may be, it is obvious that both 
the direct study of the chemical history of 
pathogenic Bacteria and the indirect suggestions 
derived from further knowledge of the chemical 
I history of Bacteria of all kinds, are of an im- 
; portanee to human life and ho.cft,li which cannot 
I be ov<jr-cstini;ited. 

I In connection with tho study of tho patho- 
■ geiiic Bacteria which attack man, it is necessary 
, to insist that at present no one has attempted 
: to dotorniino the various kinds of Bacteria 
, which are normally present on tho surface of 
the human body, in the moutli, stomach, and 
j intestines. There appear to be twelve or more 
; present in the healthy human mouth (u, Vignal, 
Bo strangely has this matter been neg- 
lected that Kocli of Berlin was ignorant, when 
ho discovered tlio so-called ‘comma-bacillus ’ in 
tho intestines of choleraic subjects in India, 
that an identical form occurs in tho healtliy 
human mouth, as shown by Lewis [24]. 

Spontaneous generation or abiogenesii. — 
Twenty years ago experiments and observatione 
were brought forward by various more or less 
comiiotent observers (2o] which were intenireted 
as proving the siHMon formation of Bacteria aa 
living things in fluids containing the elements of 
protopla.sm where no germ or living thing pre- 
viously existed. It is sutlicicnt to say hero that 
these views had a valuable elTect in stimulating 
the investigation of the life-conditions and acti- 
vities of the Bacteria, but have been definitely 
proved to bo erroneous and to have arisen from 
the imperfect state of knowledge as to the 
ubiquity of Bacteria and tho power to resist 
tho destructive effect of boiling water possessed 
by the sporei of Bacterium subtile— the hay 
bacillus. 

Conolnsion. — An endless field of investiga- 
tion is open in connection with the Bacteria. 
It seems certain that in the near future we obaB 
be able to control the disease-producing forms, 
whilst the suggestion presses itself that it may 
be possible to cultivate and intensify the activi- 
ties of thoBt which act as scavengers and even 
to lead some by appropriate methods to tha 
acquirement of new powers, or to the develop 
ment of activities at present scarcely recognis^ 
There is no refison, from the point of view of ibt 
biologist, why these lowest plants should not ba 
! cultivated and specialised as breeds and varietiea 
j for the service of mankind, as the peach and tha 
j strawberry, the wheat and the cabbage haaa 
been. 

S^fi.4 
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BALANCE V . Analysis. | 

BALATA. A sub.stanco resembling caoutchouc J 
and gutta-percha, obtained from tlie dried milky ^ 
inice of the Bully-tree {Sagjota Muelleri) (Sper- | 
ling, [2] 5, 480). I 

BALSAK. This term was originally con- j 
fined to a single substance called Balm of (Hlead j 
or Balsam of Judea, but is now employed gene- ; 
rally to denote any liquid resin with aromatic ! 
odour. They are composed of solid resins ! 
mixed with essential oils. Balsams of Peru, ; 
Tolu. Liquidambar, and Storax, contain cinna- I 
mio acid ; Copaiba balsam, !Mecca balsam, and j 
tarp^icine, do not. < 

VAEABAHIC AGIO «. Paiudinic Acm. | 



iInm.Aarvbbd tkUiia): fSm fir 

needles (from ethe:^, inaol. witar, ?. ah 
1>enz«nc. Its idoohmie aoltition it tamed rtd'. 
by air. Boiling aqueous KOH converts U into 
haidiio acid C„Hj;0„ (?), baphnitin (O^H.O)* 
and biiphnilone, d.,iU.j,0„. The latter givoa i 
tri-hroino- derivative C;j,ll..,Br,(h,. 

BAPTISIA TINCTORIA. Tire root of thU 
plant Ciuitains a crystalliiw alkaloid (Creene, 
P/f. ;3i 11). 5St). 

B4«B.\L0IN r. ALo^^^ ] . 140. 

B.4hBATIC ACID C,, 14.0;. Occurs, 

tog.iher with usnic aci.l, in n liehen, . 

h.tib.it.i (St; nhoti'io a. (irovos, C. J. 37, 405; ,4* 
283, 302). NimxUi'S or plates (from litnizou^. 
1>* com; h 1 by boiling milk of lime into COg 
ami (t)t-or.‘in. 

BAllBITURIC ACID 

c.n.NA CH,<^®;’JIJ>C0. 

Maloiiil uira. I'niined by healing malonio acid 
with nrea and P(>(.’!, at 100’ (tjrimaux, C. P. 
88, .8.5; A. Ch.\b} 17, 27)')), or by reducing di- 
hrorao.harhitm ic acid witli sodinm amalgam or 
HI. l're|'Jir<'d hy iie,'i(in.t alloxantin (I ])t.) witli 
.11 SO, (3 or i ptrt.) at 100 ' as long as SOjOOmes 
oif. 'I’lic product is pour<‘d into water. 

iVoM, Trimetric prisms (containing 
2a. () from water. SI. sol. cold, v. sol. hot, 
wat'T. 

Beadions. -l. Boiling aqueous potash forms 
malonio arid and urea (CUV, and Nil, j). - ‘J, HNO; 
ft)nn?i nitru-hurhituric (dilituric) aeid. -8. KKO^ 

1 .rm.s nituiao Itarhituric (violuric) acid. -4. Br 
forma di-hromo-harhitnrio acid.— 6. Heated with 
glye.rin it fovma^diba^iturio acid, urea, and . 
umimmiimil ina1omn?aWM5. Cyanogen forms ft 
oomiionnd C,ll,N.. 03 (GN)g aq, whence potftsU 
foriiH n-yanuromalic acid.’ 

Salts.-— Nil, HA": needles, v. si. sol. eoUt 
water. - Na..A"2aq. - KHA'*. — 15aU.A" 2ftq,— • 
PhA". CnlLVVhaq.- AKHA".--Ag,A^ 

Acetyl derivative, CJLA^NzC),. A bf- 
j-ntdiict in the preparation of barbituric aold 
from urea, malonio acid, and POCl,. Powder, 
.‘■ol. liot xvater. 

Di-methyl derivatives, — I. Malonyt- 
dimethyl-urea CO<^Me;co>CHr 
Prom malonic^id, di-mctliyl-urea and P01|« Of 
from di-m« tljyT-nr<-a and oyano-acetyl ehlorid^ 
CN.ClI,.CO.Cl (Mulder, B. 12, 4(1(5). Flftf 
nc-e'lles, v. sol. water. Forms a di-brotno-di)^ 
vativo [176^-lHO'^j. 

11 . Di-me.thyl nuilonyhurtS^ 

CO<i;j|{;®J>CM«,. [2C6»J. FromiUrttil*^; 

bilurato and Mel (Conrad a. Gutbzeit, B, J 
1043) or from di-mebliyl-malunic ftcid, ursfti, I 
POCl, (Thorne, C. J. 89, 645). Plates T 
water). V. si. sol. cold water. Boiling 
fonns di-methyl-malonic acid. ’rtv 

Salt.-AgA"iaq. 

Ethyl derivative 

[190*^]. From ethyl -malonic acid, POCI^ 
urea. Gives a bromo-dcrivative. 

Dimethyl derivative 
[162*’l. From silver barbiturato ft^ Eil. 
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do<g|;gg>paoH^ po6»]. riom 

bonsfl-milonio aold, POOl,, and urea. 

Additional lie/erenceB.-^Finck, A. 132, 304 ; 
Baeyer, A. 130, 130 ; Conrad a. Guthzeit, B, 
14,1648; 16,2844. 

W-barbiturio acid CJI,N,Oi. The ammo- 
nium salt is formed by hosting barbiturio acid 
with glycerin at 160^. The acid is an insoluble 
powder; it gives a di-bromo- derivative. 

Saits .-NHJIA" i-Na,A" 2a(i. -KHA" araq 
(Baeyer, A. 130, 145). 

BAEIUM. 13a. At. w. 130*8. Mol. w. un- 
known, as V.D. not determined. Very little 
known of properties ; doubtful if approximately 
pure 13a has yet been obtained. S.G. abt. 3*5-4 
(ainks in 11,80,). S.V.8. abt. 36*5. Chief 

linos in spectrum are 5850, 5538, 4034, 4553, 
8140 (Huggins. T. 154, 130). 

OMMmncc.— Not as metal ; chiefly as sul- 
phate {fuavy spar), and carbonate {witherilc ) ; 
also as silicate in combination with silicatos of 
Br, E, or Al, and as oxide in combination with 
oxide of Mn. 13a compounds occur in many 
mineral waters ; in the ashes of certain plants 
(Eokart, A. 100, 204) ; and in small quantities 
in sea water (Dieulafait, A, Ch, [5J 15, 540). 

Fomiation.—ku amalgam of 13a and llg is 
prepared in several ways:— -(a) by electrolysing 
BaCl, mixed with a little very dilute HClAq, 
using an amalgamated Pt wire as negativo 
eleotrodo (llunson, A. 02, 248) ; (6) by electro- 
lysing moist 13aO using lig and I’t as electrodes 
(Davy, T. 1808. 303) ; (c) by bringing hot BaO 
or BuGl, into contact with vapour of K, and 
treating the product wiU^liyir by heating BaO 
with Ntt and troatii!f|f*^lurng(Kei*V C. N. 31, 
244) ; (d) by the action of Na amalgam on cone, 
warm BaCl,Aq (Crookes, C. N. 6, lOU). By 
heating Ba amalgam in an atmos])here of II, or 
of hydrocarbon vapours, metallic Jla was sup- 
posed to bo obtained ; but Donath {B. 12, 715) 
assorts that it is impossible to remove all tho 
Hg even at a white beat, and that the residue 
contains ns muoh us 62 to 77 p.c. Hg. 

PrejHiration.- By (doctrolysis of fused BaCl, 
mixed with Nil, Cl, in a porcelain crucible in un 
atmosplioro of fi; the positive electrode con- 
lilting of a cylinder of coke, the negativo of an 
iron wire (Matthiessen, C’. J. 8,^U4). 

Brojiertii's and Read ions . — It i.s very doubt- 
ful whether tho properties enumerated by 
different ohemisls ns cluiracteristic of Ba were 
determined by ox re ri men is made on even 
approximatcly^ire metal. Davy deseribed Ba 
as lilvor-wliito ; Bunsen and Matthiessen as a 
golden yellow, slightly lustrou.s, somewlmt 
malleable, molnl, which molts at a rod heat, but 
cannot bo distilled. It is very easily oxidised, 
decomnoses cold IJ,0 readily, and burns in the 
oxyhydrogen flame. As no gaseous compounds 
of Ba have as yet been obtained, and us the 

r . heat of tho metal has not been determined, 
value to bo given to its atomic w*eight, tho 
lombmiug weight or equivalent having been 
determined, is arrived at chiefly by oousidering 
, Ihe aualogies between the compounds of Ba and 
fhom of other allied elements, chiefly Ca, Sr, 
llg, Zn, and Od. These analogies lead to the 
teinuha BaX and BaY, for the compounds of 


'b%' 

NOg, CflOt Ate. i ihiid compbdiiids belong »> one 
aeriei. ^evalency olfhe atom of Ba ingasecoi * 
moleoules ii unknown. That the atomic weight 
of Ba is represented by a number the mofit 
probable value of which is about 136*8, provided 
the composition of the Ba compounds is ex- 
pressed by the general formula BaX„ where X « 
a monovalent atom or group of atoms, was estab- 
lished chiefly by analyses of barium chloride con- 
ducted by Mangnao {A. 68, 215 ; 106, 105) and 
I)uma3(.4.C/i.[3J65, 137). Ba reacts as a strongly 
])usitive metal ; the salts obtained by replacing 
H of acids by Ba are stable and well marked ; 
BaO and BaOJH, BaS and BaS,H,, exhibit no 
acidic characters ; BaOjH, is distinctly alkaline, 
its heat of neutralisation is tho same as that of 
sodaand potash {Th. l,332)rBaOTPAq,H-VSO'Aq] 
-31,150; [BaO-TPAq, 2HC!Aq] = 27,640. Ba 
combines with 0 and the halogens with produc- 
tion of much heat and formation of very stable 
compounds : — [Ba,0] = abt. IJt 000 ; [Ba.Cl^] 

= 194,700; [Ba,Br»j - 170,000 (Th. 3, 206); 
these numbers are approximate only ; they were 
determined indirectly, except that for BaO, but 
I tho Ba used was not free from llg. Barium is 
I very closely related to Ca and Sr, and less closely 
to Mg (y. art. Alkaline Earths, metaJjS of the). 

I 13aryta was obtained by Scheele in 1774 from 
1 heavy spar ; Davy in 1808 decomposed baryta 
: by electrolysis ; the metal was obtained approxi- 
I mately pure in 1855 by Bunsen and Matthiessen. 
j Combinations. —V Qiy tevr compounds of Ba 

: have been formed directly from the metal. It 
i forms alloys with a few metals ; that with 
viercurif (y. supra, Formation) is a silver-white 
body which rapidly decomposes water and cannot 
ho separated into Ba and Hg by heat alone. 
Beketofl (i4. 110, .375) obtained an alloy with 
aluminium, as a greyish solid with a tinge of 
yellow, by heating Al with BaO.^Hj and a little 
BaCl, ; it decomposed H.^0 rapidly, but tho water 
did not acquire an alkaline reaction. Caron 
described alloys of 13a with lead, bismuth, anti- 
mony, ttc., obtained by the action of alloys of 
these metals with Na on molten BaClj (/I. Ill, 
114), 

Detection.— limy salts of Ba are soluble 
in Avater; some are insoluble; aqueous solutions 
of Ba salts are ppd. by cone. IlClAq or cone. 
liN'OjAq, In.solubl 0 Ba salts arc decomposed 
by fusion with alkaline carbonates, giving BuCO, 
which dissolves in dilute acids. Fusible salts 
of Ba impart a pale yoKowish-greon colour to 
the non-luminous flame ; the colour appears 
blue-greon through a green glass. The emission- 
spectrum of Ba is clmracteristio ; it contains very 
many lines in the green ; about mgm. Ba 
in.ay be detected by the spectroscope. DiluU 
sulphuric acid, or a dilute aqueous solution of 
sulphates, ppt. white BaSO^, insoluble in 
alkalis and dilute acids; 1 part Ba.2NOt in 
100,000 parts of water gives an immediate 
pp. ; one part in 400,000 gives a cloudiness on 
standing. By this reaction Ba salts are dis- 
tinguished from Ca salts, and to some extent 
from salts of Sr. 

Estimation. — 1. Ba is usually determined as 
Ba80«, which is ppd. from fairly oono. solutions, 
containing a little HCl or HNO„ by dilute 
H,SO«Aq, the pp. is collected, washed. 





'■■ fefci' fciitol 

af 0» iMPi MiM&lk 0bS(>4 nii^ U 
Hh^ :np* by^ttg irashing with veiy diloto HOlAq. 
or Vf dicing with Na,8,0,Aq (Diehl, /. jpr. 79| 

80) which dissolveB CaSOi bat not DaS04. 

PbS04, if present, may be removed from the 
pp. by washing with solution of potash, or of 
ammonium tartrate. -—2. In presence of salts of 
Oa and Sr, Ba is best estimated as BaSiF«, which 
is ppd. by freshly prepared H,SiF«Aq, followed 
by alcohol ; after standing 12 hours, the pp. is 
oollected, washed with a mixture of etjual 
Tolumes of alcohol and water, dried at 100*^, and 
weighed (r. also Rose, P. 05, 280, 200, 427). 

Barium, alloys of, v. Barium; Combitia- 
Hons. 

Barium, antimonates of, v. antimonates, 
under Antimony, acids or. 

Barium, arsenates of, v. arse.vates, under 
Absenio, acids of. 

Barium, arsenites of, v. absenites, under 
Arsenic, acids or. . 

Barium, bromide of. BaBr,. Mol. w. un- 
known, as compound has not been gasified. 

(abt. 812®] (Carnelloy, C. J. 33. 280). S.O. 4 23 
(Schiflf, A. 108, 21). H.F. [Ba,Br*] - 100,900 ; 

[Ba,Br=,Aq]- 174.940 {Th. 3,200). 

Fonnation.—l. By acting on BaO,Hj or 
BaS, with HBrAq. •— 2. By adding BaS to an 
aqueous solution of Br.- 3. Along with BaBrO,, 
by the action of Br on BaOjH Aq. 

Prepam/iort.— Aqueous HBr is neutralised 
bv pure BaCOj, the liquid is boiled down and 
allowed to crystallise, and the crystals of 
BaBr2.2Ii;iO are heated in a stream of dry air to 
100 ®. 

Properties and Penefions.— Crystallises with 
8H3O in white triraetric plates (llammclsberg, i’. 

66, 237) ; according to Hauer (J.pr. 80, 230) and 
Werther {ibid. 91, 107) the crystals are mono- 
elinio ; the hydrated salt is perhaps dimorphous. 

H. F. [BaBrV2K Oj • 9,110, [Ba,BrS2H^O] - 

179,070 {Th. 3, 206). Heated to 75®. 

BaBr^.HjO remains, and at 100® BaBr, is 
obtained. The hydrate BaBr3.2H30 is solublo 
in water. S. (0®) 98; (20®) 104; (40") 114; 

(60®) 123 ; (80^) 135 ; (100®) 149. It is also 
easily solublo in alcohol. S.G. 3*69 (Schiff, A. 

108, 21). BaBro is complet»dy decom])osed by 
heating to redness in dry 0 (Schulze, J. pr. [2) 

21, 407). When cono. aqueous solutions of 
BaBr, and BaO are mixed so that the salts are 
present in the ratio BaBr,,:BaO, crystals of 
BaBrj.BaO.5UjO ( ^ BaBr01I.2H,0) separate 
out (Beohmann, J. pr. [2j 26, 388 and 474). 

Barium bromide, hydrated, v. Barium, dho- 
WDR of; Preparation. , 

Barium, chloride of. BaClj. Mol. w. un- 
known, as compound has not been gasified. 
rabt.800®,Carnc)ley]. S.G. 3-75-3-89 fSehroder, 

P. 107, 113). S.H. (10®-47®) -0902 (Kopp, T. 

156, 71) ; (14®-98®) *0800 (Kegnault, A. Ch. [3J 

I, 129). S. (5®) 32-2; (30®) 38-2 ; (60®) 43-0; 

(80®) 62-4; (100®) 58*8 (Mulder; r. Miclmelis’ 

Jjehrbuch der Anorgan. Chem. 3, ^*0). -S. (al- 
cohol 99 p.c. : 14®) -01 ; (alcohol at B.P.) -06 
(Fresenius, A. 69, 127). H.F, [Ba,ClT - 
194,740; (Ba.CF.Aq] 190,810 (Thomsen). The 
following data apply to the liydrate BaC4-2H30 : 

8.a 8*062 (Schiff, A. 108, 21). S.H, (18®-40®) \ the values [BaOAq, 2UFAal - 84,800 1 


ELF. [Ba.0F,SHK)]-90t.740; 

7.000 (FA 8. 986). O.B. (onb. abt. 18«.200<’) 

r )0648 (Playfair a. Joule, 0. /. 1, 121), 
Formatim.—!. By the action of Cl on hot 
BaO (Weber, P. 112, 619).-2. By passing HCl 
over hot BaO ; light is evolved as well as Beat : 
or by adding oonc. HOlAq to BaO, boiling down, 
and drying at 100 8. By dissolving BaS in 
cono. HClAq, boiling down, and diying at 100^ 
Preparation.— 1. Powdertnl ti'iUu'rite (BaCO«) 
is added little by little to'UClAq; tbo solution 
is digested in absence of air with more BaCO| 
(to remove iron, «to.), and is then poured off, 
evaporated to dryness, and the residue lieated to 
100® for some time. — 2. Two parts of Onoly 
powdered heavy spar (BaSO,) are heated in a 
crucible to redness with 1 part dry OaCi. and 2 
parts iron tilings; the fused mass is digested 
for a short time with 0-8 parts boiling water 
(by long digestion BaS04 and CaCMj are re- 
formod), the liquid is filtered from FoH, CaS, and 
undocomposed BaSO,, made slightly acid by 
HClAq, and evaporated to dryness at 100®. — 
S. The solution of MnCl, which is obtained in 
making Cl from MnOj is nouiralisod by BaCO| 
or CaCO, and evaporated to dryness ; tlie residue 
is heated with heavy spar and coal ; tiio mass is 
lixiviated (MnS, FeS, and some BaSG, remain), 
the liquid is treated with a little MnCl,Aa to 
dccomiiose any BuS present, HCIAij is added,* 
and the whole is evaporated to dryness (Euhl* 
nmnn, C. H. 47, 403, 404, f)74). 

Properties.— V^hiie salt, easily soluble in 
water, [BaCl-,Aq] » 2,070 {Th. 3, 200) ; slightly 
soluble in alcohol (ti. supra ) ; solution has ft 
bitter taste and,i|^[j^ig(m^uH. Melts at rod hoal 
and cools ipAn opaquomaslT 

Iteactimis. — 1. Heated in stcam^ HOI 4i 
evolved, fnd tesuluo 1ms an alkaline reaction. — 
2. Partly oxidised by fusion with poUusium 
chlorate, but unchanged by healing in dry 
oxygen (Schulze, J. pr. (2) 21, 407). — 8. Corn* 
pletely decomposed by fusion with silieafes. 

Combinations. —1. Cone, solution of BaOlg 
mixed with cone. BaOAq pps. thin transparent 
plates of BaClj.BaO.5HjO ( « BaClOll.2HjO) 
(Bcclmiann, J. pr. (2] 20, 3H8, 474).— 2. Com- 
bines with xoater with production of heat, 
(BaCr',2n*0] 7,000, to fonn tlio hydrate 

BaClj.2HjO. Thv hydnito crystallises in white 
flat trimetric plates, whicli are not rniorrsoont; 
they lose 2HjO at 100®, but take it up again in 
moist air. A cono. solution is decouipobod to 
]ta.2NO:, and NaCI by heatin>jiAikl||i^"aNO,. 

Barium chluriclo, hydrated, r. Bakium, 
CUDoiuDK of; Combi nations, Ko. 2. 

Barium, cyanide of, Ba((JN)... Obtained 
by action of HC.NAq on BaOjII . (v. Cyanides). 
Barium, fiuochloride of. BaFCl (v. Barium, 

FDUORLDE or). 

Barium, fluoride of. BaF,. Mol. w. un- 
known, as compound has not been gasiflod* 
[abt. 908®] (Carnelley, C. J. 33, 280). 8.0. 

4*58 (Bodeker). 

Preparation.— I, By ppg. Ba2NO»Aq by 
NaFAq.— 2. By the action of HFAq on BaOAq, 

I or on freshly ppd. BaCO„ and evaporating. The 
i former action is attended with the produ^ion o( 
much heat; Guntz {A. Ch. [OJ 8, 6) give# 



r(iolUBft7,li1«dadM| 
r ftetiott of gM0Ofiil HF on solid BaO-H,). 
Prt^riiis and Reaetimt — White, finet% 

K iaolar, cryatals ; scarcely soluble in waterr 
t easily iu HMOjAq, HOlAq, and HFAq. Nor 
decomposed by boat alo!ie. ^ 

Cofnbinntioiis. - 1. With BaCl2 to form j 
BaPj-BaCl^i - BitFCl) ; obtained by adding j 
NH,Aq to tt solution of HaFj in HClAq ; also by 
fusing 1 part NaF with 0-8 parts BaCI., and ■ 
digesting with water ) also by adding KFAq to | 
BaCUAq and evaporating. Forma white granular ! 
crystals, more soluble in water than lUF,,: 
partly decompoaod, with loss of BaCl.^, by Ion/ • 
continued washing with water.-- 2. With BFj U 
form BaF./2HF,.2H,0 ( - Bu(BFJ.,.2H.,0) ; ob- ; 
tained by acting on BaCO^ witli lllll'iAq, and ' 
evaporating; boric acid separates, and afterwards ' 
Uie double salt {v. honoKi.uonioKS under Boito.x, | 
jrLOomoK ok). M. With ,SiF, to form Bal’VSiF4 ; 
(wBaSiFJ ; obtained by nd<ling ILSiF^Aq to a | 
solution of a Ha salt. White solid, very slightly i 
soluble in cold water H. (17'^) *0.3 -and only! 
slightly soluble in lldlAq. H.(4. 4-2H. Ijoavea 
liaF, when heated; heated with Nil, Cl gives 
rcaiduo of BaCl.j (Slolba, J. }yr. JM>, 22) {v. 
8iLicoKiiroi{iitK..s, iiiubu' Silicon, riinoiaoR of). 

Barium, hydroxide of. BaO.iXa (Caustic 
baryta). Mol. w. unknown, as compound 
has not been gasified. S.(r. •t'lit.'J (Filhol, 

i4.c/i.(ai 2i,n.-i). s.(o’)i-r»,(r>>)i-7r>,(io^^)2-22, 
(15 ’) 2-80, (20 ') ;1-18.(2.V’) MU, (UO ^) 5-0, (3r/’) (M7, 
;40")7'3b. Oi*'* (50 ) 11 '75, (55 ’) U-71, 

CO' ) 18-70, (05 ’) 2 1 07, (70^)3l-U, (75^^)50-85, 
80*^’) UO-77 (Kosonstliiel a. Buhlmann, J. 
1870. 311). H.F. [Btt, 0 , ir-'0 | - 110,500, value 
only ap|iroximu4»^*'''^W!K:? ll-O] »» 22,200 
(771.3,200), V,' 

Fonnatian, — 1. By heating heavy^par with 
carbon, dissolving BaS formed in not \vator, 
filtering, adding CuO or ZnO to dcoomposo the 
BaS, filtering, evaporating to dryness, and 
heating to redness (Miiller, J. jyr. 82, 52 ; 
Stahlsohmidt. 1). P. J, 182, 30 ; Nickl5s, W, J. 
1809. 271). 2. By heating Fo with l}a.2NOj to 
redness, diss<dving in waiter, tiltering, evniio. 
rating, and Imating the re.siduo. — ,3. By the 
action of steam on BaCO, (Lenoir, W. J, 1867. 
256). 

Preparati(m.~ l. Water is added little by 
little to BaO (q. r.) ; the prdfiuct is heated to 
dull redness in a silver dish.— 2. Aqueous 
solution of pure NaOH, S.d. about 1*1 to 1*15, 
the quauti.'jof NaOH in which is accurately 
known, is to boiling, a quantity of 

powdered Ba2NO, is adddfi equivalent to the 
NaOH used, the liquid is boiled for a little, if 
solution is not complete water is added, the hot 
liquid is filtered quickly and allowed to cool in a 
closed vessel when crystals of BaOjUj-BIip are 
de^sitod ; these^ crystals are separated, recrys- 
tallised from boiling water, and heated gradually 
to redness in a silver dish (Mohr, Ar. PA. [2j 
88, 38), 

Properties and Reactions, — A white powder, 
dissolving in water (v.supra) to form an alkaline, 
caustic, liquid ; melts at a full red heat and 
crystallises on cooling ; not decomposed by heat 
8^*^ hut by heating in a stream of air BaO 
*'>^0 produced. Aqueons solution is 
iRtarkcdly alkaline, and neutralises acids with 


and NaOHAq {Th, Dcici odi f 

Cl, except in presence of ^0; action is thent 
bably 6BaOAq + 601, «* fiBaOlsAq + Ba((BO 
(Weisberg, B, 12, 846). Is not acted on bgr 
CO., (Scheiblor, B. 19, 1973). 

Co7nbinations.—yiith water with production 
of heat [BaO^H^8H*0]« 27,470 (TA. 8, 266) to 
form crystals of Ba0.,H2.BH20 (Beckmann, J.pr, 
[2J 26, 388, and 474 ; Filhol found 7H.,0, Nood 
and others DH^O). (For preparation of these 
crystals v. supra.) Those crystals lose 7H.,0 
over H,SO, iu vacuo, or by heating to 76°, and 
the eighth H,,0 at a red heat ; they dissolve in 
about 3 parts boiling water, and 20 parts water 
at 15°. The solution is attended with disap* 
peurance of heat [BaOmSH-'O.Aq] = -16,207 
(Th. 3, 263). Crystals of BaO.,H«.H ,0 melt at 
83°-85° (Veley, C. J. 40, 371). ‘According to 
Bechinann (J. pr. [2] 26, 888 and 474) pure 
BaO is obtained by heating BaO.Hj.SH-^O in a 
stream of O. . ‘ 

Barium, iodide of. Balj. Mol. w. un- 
known, as compound has not been gasified. 
S.G. 4-02 (Filhol, A. Ch. [3] 21, 416), 
H.F. [Ba,I*.AqJ = 114,520 (Th. 3, 266). 

Formation and Preparation. — Similar to 
methods for BaliPj (q. v.) : also by action of 
gaseous Hi on BaO. 

Properties and RcoMdions. — A white, non- 
deliquesccnt, solid ; easily soluble in water or 
alcohol ; not decomposed by heat in absence of 
air, in prosonen of air BaO is formed and I 
evolved ; wliolly decomposed by heating in 0 
(Schulze, J. pr. [2J 21, 407) ; aqueous solution 
absorbs CO., from air. 

Comhinations. — 1. With vuiter to form 
BaIj.7H.,0 (Croft, J. pr. 68, 402 ; Thomsen, B. 
10, 1313; Werther, J. ])r. 91, 331, says the 
crystals are Bal2.21l.,0). This hydrate forms 
needle-shaped crystals which deliquesce, with 
partial separation of T, in moist air, and melt 
on heating ; heated in absence of air Bal, 
remains, one ILO is lost at 100°, SH^O at 
125° and tho seventh H.O at 150°. Thom- 
sen gives those data [Ba,‘ P, 71I»0] = 161,370; 
[BaP.7IPO,Aq] = -6,850.— 2. With baryta to 
form BaO.BaL.6H,0( = BaIOH.2H.,0) (Beck- 
mann, J. pr. [2*] 26, 388 and 474)'; this salt 
crystallises from a mixture of cone, solutions of 
its constituents, in the ratio BaOiBalj. 

Barium iodide, hydrated, v . Bakiu.v, zodidb 
OF, Combinations, No. 1. 

Barium, oxides of. Ba forms two oxides, 
BaO and BaO, ; tho former is produced by the 
action of dry air, or 0, on Ba ; BaO heated to 
about 460° combines with 0 and forms BaO„ 
which is again roducefi to BaO at a higher 
temperature, or reducing the pressure at 
460°. Dry BaO, is stable, but the presence of 
water brings about slow decomposition to 
BaO^Hj + O; Berthelot {A. Ch. [6] 14, 438; 
comp. C. R. 85, 880) gives these data [BaO,0] «• 
- 6,060 ; [BaO*,H’*0] - 2,760 (giving BaO,H, + 0). 
BaO is a strongly basic oxide; BaO, evolves 
O (or H,0,) and forms tho same salts as BaO 
when acted on by acids. 

I. Barium monoxidx (Baryta) BaO. Mol. w. 
unknown as compound has not been gasified. 
S.Q.4‘86 (Playfair a. Joule, C. S. Mem. 8, $4)} 
S.G. orystals 5*722 (Brttgelmaiui, IT. 2, 4ii | 



bjoold WBttt (Idetig A. Wfl&l«r, P. Wi 179)t 
m impara hTdratod fiaO« oontaining BtO 
(Iwrthefot, A. Ch, [({} 6. 907, says tha residua U 
nfarly Ba03a0^ is rubbed in a mortar wi^ 
water, and addea little by little to very dilutt 
llClAi], but not in quantity suflicient to non* 
traliso the acid ; the solution hvhioh oontaina 
ILOj) is filtered, made slightly alkaline by 
a ldition of dilute BaOAq, whereby alumina and 
iron oxide are ppd., the liquid is again filtered 


iMs [B«,oi(d-U8> no ITk. 

860; valuei approximate only, as Bansed 
; iNti not pure). 

Soheele mstinguished baryta from lime in 
X774 ; ^ Oahn recognised the presence of this 
earth in heavy spar ; Bargmann called the earth 
terra jponderosa ; Kirwan gave the name baryta ; 

Davy, in 1808, proved it to bo a metallio oxide. 

Formation. — 1. By the action of dry air on 

Ba.— 2. By strongly heating BaCO„ t^st with 

^-l\th of carbon whereby CO is formed wliioh 1 through linen, and an excess of BaOAq is added; 
does not again combine with the BaO.— 3. By j lustrous plates of Ba0...8ll,,0 are ppd. : (the 
strongly heating Ba.2NO,; Baninielsberg {B. 7, , filtrate must contain HjO™, proved by the pro- 
542) says that an oxide with the composition ! duction of a blue colour in ether when shaken 
Ba,0^( - 2BaO.BaOJ is thus produced; Briigel- ! with ether after ncidifving and adding dilute 
mann (IK. 2, 4Gfi; 4,277) obtained hexagonal ’ ^ ^ 

crystals of BaO by this method.— 3. By strongly 
heating BaClj, or BaSO„ to white heat, in a 
current of steam. 

Preparation.^1. By strongly heating Ba(IOj)j 
in a porcelain crut’fb^cj until all I is removed.— 

9. By heating dry Ba.2NO, in a cai)acious 
porcelain vessel (best a retort), gradually raising 


KjCrjOjAq) ; the pp. is waslicd with cold water, 
pressed between filter piii>or, and placed over 
HjSO, until all water is removed and BaO, 
remains (Bcrthelot, A. Ch. [2] G, 207). Or. lI,0,Aq 
is added to BaOAq, the jip. of Ba0.^.8H„0 is 
washed with cold water, pross«'d bi lween filter 
paper, and heated in dry air free from CO. to 
100'"- 120° (Schono, B, 6, 1172). - 2. Turu JiaO 


the temperature when the salt melts, again ; is healed to low rodne.s8 in a stream of 0 (Brodie, 
raising the temperature to full redness when j T. 1850. 775). 
the residue in the vessel re-soli<lifies ; the! J^ropcrtics.— A. 


heating must bo continued until all nitrate is 


fcrlics.—A. while powder, resembling 
JfgO; insoluble in, and combines with, water; 


decomposed, but no longer, as on long-continued i intdlsat full red heat wilb evolution of O. 
heating CO,, is absorbed; tbe portions in con- j Jinictious.—l. Decomposed hy heat to BaO 
tact with Ibo porcelain take up a little SiO, and ’ and O; at slight Iv reduced pros.'^mes (760 to 
^ I 730 mm.) decomposition begins at about 460° ; 

Pr02}crtiCS. ~A. grey-white powder, very i at ordinary prcssuie, at a Jiigber temperaturt 
poisonous; melts at white-beat; takes up 11,0 | than this; if the BaO jn-oduced is allowed to- 

f 4j._ .1 1 i_ ]irc.«enee of 0 under reduced 

lu-essure BaO., is t j-l riued (Boussingauit, A. CH. 
[5j 10, 4G-1) very slowly by 

cold, quickly by but, wakr, forming Hat), IL » 0 
[BaO', H‘pJ» 2,700 (giving BaO.H, fO, Bor* 
Ibelot, A. Ch. [6] 14, 433).-- 3, Cone, sulphuric 
acid forms BaSO,, and evolves 0 at temper atnres 
above GO" 70°, but 0 mixed witli o/.ono at 
lower temperatures (IJouxeau, C. It. 40, 019).— 
4. Heated in dry carbonic anhydrut a, IbiOO, and 
O are produced. 5. Heated with carbon mon- 
oxide, or stUvhuroue anhydride, light and heat 
are produced, and BaCO„ or BaSO^, is formed 
(Wdhlcr, A. 78, 126).— (J. Acts as a powerful 
oxidiser tow'urds carbon, phosplurrm, \c., Ac, 
(comp. Slater, J. pr. G5, 253 ; and Brodie, T, 
18G2. 8.37). — 7. With dilute acids forms salts of 
Be, and 11., O, or O. 

Combinations. —1. Wilb water, combines tO 
form BaO,.8U,0 (produced qlso by ^Aion of 
BaOAq on H,OjAq ; v. Prepatin cfffiYi prisniatio 
dinietric crystals, wdheh lose bff,0 in vacuo, 
by heating in absence of CO., to 100°~190°, 
Bcrthelot gives the formula BaO,.10H,O to th*^ 
hydrate (A. Ch. [5121, ’.67); he also desoriboA 
another hydrate with 7H,/) (l.c. [5] G, 207); 
gives the data fBaO’, luH^O] *• 9,100 (U. [6] 
14, 438). — 2. With hydroycn peroxide fomill* 


and CO, from the air; dissolves in water to 
form a caustic alkaline solution (y. B.\,i;ium, 
HYDttOXinE ov). 

Itea-ctious. — 1. Bcduced by heating with 
^tassiuni . — 2. Decomposed to Ba + 0 by electro- 
lysis.— a. Heated in chlorine, BaCl, and O are 
formed. — 4. Heated with sulphur, Ba8 and 
BaSO^ are produced.— 5. Heated in carbon 
disuljdiide vapour, the products are BaS along 
with BuCO,.— G. Heated in phosphorus vapour, 
in presonce of H, barium phosphide BaP, (q. r.) 
and Ba,PjO. are fonned (Dumas, A. Ch. f2J 32, 
864).— 7. Heated with arsc^iic vapour barium 
arsonlte ( 2 . v. under Arsknites) is said to be 
produced. 

Combinations. — 1. Combines with water to 
form BaO.,H., ( 2 . v.) with jiroduclion of much 
heat, and increase of volume: [BaO, H*0]« 
22,2G0; [BaO, 91101-49. 730 {Th. 3,2GG).- 
2. With carbonic anhydride, to form BaCO, 
(dry BaO has no action on CO., ; .Scheibler, B. 
19, 1973) ; with sulphuric anhydride to form 
BaSO,; [BaO, CO*j « C^, 220; [BaO, SO>j- 
110, 690 (Th. 3, 2G6).— 3. Heated in air or 
OJtyorn to about 4.50°, forms BaO, ( 2 . v.)f— 
4. With methylic or ethylic alcohol, forms 
Ba0.2CH,0 or Ba0.2C,H,0. 

II. Barium dioxide. BaO.,. Mol. w. unknown. 
8.G. 4'96 (Playfair a. Joule, C. S. Mem. 3, 81). 
Discovered by Thenard (A. Ch. 8, 308). 

Formation.— \. BaO, or a mixture of BaO,H, 
and CaO or MgO, is heated in nearly dry air, 
or 0, to dull redness in a glass or porcelain 
tabs. 

Pn^paratum.—A mixtnre of 4 parts finely 
MpcMnod KGIO, and 1 part BaO is thrown 
into A poroelatn crucible heated 


very unstable, monocliuio, crystals, BaO,.fiLO|| 
produced by adding excess of H,0,Aq to 
or by adding Nll,Aq to the solution of a Ba ia& 
mixed with HjO, (Schone, A. 192, 267). - 

Barium, oxyinlphides of, v. Boav^: 
Sulphides ov ; uonoevhpniDC, Reaetums, 

Barium, phosphide of. Described As A^' 
grey mass, having the composiyon BaP^ 
produced by passing H charged with P vipour 



crmHot BiO; gIMMigtitg 

Md BiHPOi OA. 89. 364)7 

Btriuin, niti oC Sftlte prMooed 1^ 
npUofng Hof acids bj Ba; they form one Berim 
belonging to the form BaXj where X»C], (ftf, 
Of SO., CO,, 

T ~ — 2 ^ 

been gasified we do not know the molecular 
weight of any of them ; the spec, heat of Ba is 
undetermined; the formulaj are, therefore, 
based on analogies between these salts and those 
of similar nietnla which form gasifiable com- 
pounds, espceially Zn and Cd, and also on 
analogies between the salts of Ba and Ca, the 
atomic weight of the latter metal having been 
settled by the B[)cc. heat method. Barium forms 
salts with most, if not all, the acids; very few 
hasio salts are known, and those which have 
been prepared are generally salts of tlic weaker 
acids, c.{/. boric, tungstic, molybdic, Ac. Tlio 
haloid salts arc very stable; the carbonate, 
nitrate, iodnte, chlorate, A'c., are decomposed by 
heat ; Ba salts of the oxyacids are reduced by 
heating with C, H, or C8^. Most Ba salts are 
Isomorphons with the corresponding salts of Ca 
and Sr; many with the corresponding salts of 
Pb. A few Ba salts are soluble in water; tho 
greater number are slightly soluble only, or 
insoluble (v. Boiutks, Cauuonates, Phosphates, 
BunpHATKH, Ac., Ac.). 

Barium, selenide of. BaSo. Mol. w. 
unknown. White solid, changing in air, obtained 
by lieating BaSeO, in H to dull redness (Fabre. 

C. /I. 102, MOil). ' ’ 

Barium, lelenocyanide of. BaSe..(CN)..(?). 
Prepared by Crookes (/. pr, 53, 101). Data 
very meagre. . 

Barium, sllicofluoride of. BaSB^ v. Bakium 
FM oujtiE OP, CUmibinatums, No. 3. 

Barium, sulphides and hydrosiftphido (or 
•ulphydrate) of. Three sulphides of Ba 
are known ; n fourth probably exists in 
solution. The inonosulphido BaS is obtained 
by heating BaO in a stream of H.S; by 
heating BaS + 2S to 300°, the trisulphido* BaS, is 
formed ; by boiling BaSAq with 38 and crystal- 
lisiMg, BaS, may bo prepared; and if BaSAq is 
boilotl wall eonsiderablo excess of S the solution < 
reacts as if it coiaained a pcntasulphide BaS.. ! 
Unly one bydrosnlphido or sulphydrute, BaSJL, ! 
18 kno\\ n. 1 he suljihidos anA the hydrosulphide 
are fairly stable compounds ; they are soluble in, ' 
and partly decompo.scd by, water ; they resemble l 
the sill I ill ides of the alkali metals in their i 
reactions, Aj^MS.Jl.Aq reacts with A8..S, to i 
form barium tliio-nrsenKe Ba..A8..8, (n. vX < 
Su batier (J. (■/,.) (.">] 22. 1) give's lire thermal i 

data;--[l>uO.l|.,s]«.22,100; [BaS, 0‘]« 236,500; i 
[BaS, Aq 1- 7,000. ’ ■ 

I. Muni soM'iin>r. BaS. j 

BnO is heated in a stream of ] 
MjS. - 2. BaSO^ is reduced by heating in H or i 
coal gas. I 

I'riporntio7t.—l. A stream of CO.^ is passed ] 
through CSi and then over red-hot BaCO,; CS., I 
must iH) in oxeess ns BnS is decomposed by CO., ; i 
the product is freed from higher sulphides by i 
(Sclmne, P, 112, 103).-2. 
heating BaOJI,.8H,0 ] 
^^0° m H) 18 acted on by dry fl.S; tfio I 
prouueta ore BaS and 11,0 (Yeley*. C. /. i 


^ la preporad S paifts haavy aptnriin 

I 3 ports wood charcoal and 1 part rje meal, all 
. in fine powder, making into a stiff paste with 
water, rolling into small cylinders, drying, 
packing in a crucible in alternate layers wiSi 
charcoal, and gradually beating to full redness 
(Liebig, A. 86, 116 ; v. also Grfineberg, J. pr, 
60, 108 ; Buchholz, Ar. Ph. 86, 276 ; Kuezinsky. 
D. P. J. 135. 456). 

Prqpcr/ies.— A white amorphous solid; soluble 
in water ; exposed to sunlight and then placed in 
the dark, it gives off light ; oxidised in moist 
air. 

Reactions.^!. In moist air decomposes to 
BaCO, and BaS.,0, with evolution of HgS.— 2. 
Heated in air is slowly oxidised.— 3. Heated in 
steam, BaSO^ is formed and H evolved (Lauth, 
C. C. 1803. 880). — 4. Chlorine, brominSf and 
iodine, decompose BaS, forming BaX, 
(X = Cl,Br,orI) and S.— 6 j)ilute flct(isform Ba 
Balts and evolve H^S.— erTTafer brings about 
partial decomposition into BaS.^Hj, BaO^„ 
polysiilphidos and oxysulphides of Ba (v. Vele^ 
C. J. 49, 309). The action of water on crude 
BaS has been examined in detail by H. Bose (P. 
65, 415). If hot water is added in quantity just 
sulTicient for solution, the liquid gives a pp. of 
MnS, without evolution of H.,S, on addition of 
an aqueous solution of a neutral manganous 
Balt ; the solution, therefore, contains either 
BaS or hydroxide and hydrosulphide in tho ratio 
BaO.,H..:BaS.,H.. ; 

(?Ba().,H.,Aq + BaS,H.,Aq + 2MnCl.Aq - 
2MnS + 2BaCl.,Aq -h 211., 0), If cold water if 

added to crude BaS in an open vessel, in quantity 
rather leas than suflicient for complete solution, 
and tho liquid is evaporated, BaO.Hj separates 
out, then various oxysulphides (v. infra), then, on 
evaporating the mother liquor in a retort, 
crystals of BaS.CH.,0 (r. infra, Co7nbination8) 
fleparato, and finally on evaporating to dryness 
BaSjH, remains. 

The oxysulphides prepared as above de- 
scribed, or by cooling the solution obtained by 
acting on crude BaS with boiling water in a 
clo.sed vessel, seem to be three : 

BR,0,S,.68H,0[«4(Ba0,H.,.9H,0).3(BaS.6H,0)]. 
I!«,OS.10H,O [- (BaO,H.,.8H,0)(BaS.H..O)l, and 
Ila,S.0.28H.,0[ » (BaO. Jf.,9H,,0).3(BaSm,0)]. 
The compositions of these bodies are, however, far 
from settled ; the compounds are very unstable and 
are separated by rccrystallisation into BaO.^H, and 
BaS..H.;. If successive quantities of cold w'atcr, 
each le-t^s than suflicient for complete solution, 
are shaken with crude BaS in a closed vessel 
for some hours, the* first solution contain! 
B;^S.Jlj along with a little of the higher sul- 
phides of Ba (the solution gives MnS and also 
HjjS on rddition of MnClAq) ; tho next solution 
contains either BaS or BaO.^I.. and BaS,H, in 
tlie ratio BaO.,Ha;BaS„H. (with'MnCl, it gives 
MnS without evolving H.B) ; tho following solu- 
tions contain BaO.H,, as they give more and 
more MnO il., on addition of MnCl^Aq and less 
and less MnS. 

Cmnbinaiions, — With icater BaS forms 
BaS.6H.p; prepared as above described, also 
by cvo|)orating in vacuo a eolation of BaS after 
addition of a little S (SohOne, P. 112, 198) ; of 
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jwaUs in oold, ensily in hoii water ; ixumuble 
in alediol ; loses 6H,0 between 100^ and 860^ 
with partial decomposition. 

IL TaisuLPiiiDE. BaS,. Prepared by heat- 
ing 2 parts BaS with 1 part S, and removing 
excess of S by distilling it off at SG0° (Schdne, 
P. 112, 193). Forms a y^owish-green mass, 
solnble in hot water ; heated to redness in 
absence of air gives BaS + 2S. A solution 
of BaS, in much boiling water evaporated 
in vacuo deposits (1) BaS.CH.p (r. supra)^ 
then (2) a mixture of BaS..H,0 (v. infra) 
and orange dichroio monoolinio prisma of 
8(BaS.6H,0).{BaS,.H,0).CH,0 (Schiine, U.). 

III. Tetrasi'lphidk. Known only in combi- 
nation with H.O as BaS^.H^O. By evaporating a 
solution of BaS, in hot water in vacuo, or by 
eva]X)rating BaSAq with 3S, trinictric, dichroi'c, 


exam (xt^ 


iMik V 

I BASi.— fflie tdiaraotariftie reiotion ot aa 
Mid is that the whole, or a portion, of the hy- 
OTogen of an acid can be displaced by a metal, 
with production of a now body, called a salt, 
composed of the metal and the elements of the 
acid, excepting tfm displaced hydrogen (o. 
Acids). If the oxide of a motal reacts with an 
acid to form a salt.tho hydrogen displaced from 
the acid combines with th«> oxygen of the oxide ' 
to form water ; the products of the reaction are 
a salt and water. The salt is not characterised 
by the properties either of the acid, the metal, 
or the metallic oxide; it has been built upon 
the metal or metallic oxide by combining this 
w’ith tho acid. The name base was given by 
Rouelle in 1744 to those bodies which reacted 
with acids to form salts. 


Thu nainu has soiuO' 

- - - . . times been applied to mc'tals, ns well as to oxides 

needles separate ; yellow by transmitted, red by and hydroxides of metals ; at other times it has 
reflected, light ; tfaiublo in water, may bo re- been confined to compounds of metals with H 
orystulliscd from hot water; insoluble in alco- and O ; at all times the conception underlying 
wl; at 300® lose H.j.0 with decomposition into the name has been that of a substaneo which, 
H;.S, S, and BuS, (Sehbne, l.c.). A more while chemically very unlike an acid, reacts 
hydrated salt, probably BaS, .211,0, was obtained ! with acids to form salts. Tho dual origin of a 
by Veloy by dissolving S in BaSJI^q (C. J. j salt is implied in the statement that for its pro- 
49, 378). ! auction there is required the interaction of an 

ly. Pentasolphide. BaS,. Not known in ; acid and a base. A definition of any one of 
definite form. BaSAq or BaS JI,Aq boiled with i the terms, acid, base, salt, implies a definition 
excess of S, yields a yellow alkalific solution, ! of the other two. Tho chemical reaction oha- 
from which on cooling S and BuS, Kcjjarate out; i raef eristic of bases, as tho term is now used, is 
the mother liquor contains Ba and K in ratio j the production of salts by the mutual reaction 
Ba:Sj, on evaporation crystals of S separate ’ * ' • • ’ • 

out, and BaS, remains in solution (Schune, l.c. 
confirming older obscrvatioit.s of Berzelius). 

V. llYDKosuLriirDK or Suu'iniutATK. BaS,H.,. 


Formation. —■ By action of 11,0 on BaS 
(v, Monosi'i.i'Uiuk; Ucactions, No. fi). 

Friparation.—'liQ.OAq (saturated at 100 ) is 
saturated with IBS at fi0®-70° ; tho liquid is 
decanted in absence cf air, and is cooled to 
about 10®; the crystals of BaS-Ji,. 411,0 which 
scpaniie are dried between paper out of contact 
with air, and then heated in a stream of 11 
(V. Veley, C. J. 40, .3r>9). 

Properties and Reactions.— \\lth 4 lip forms 
white acicular crystals, wliich eflloresce in air, 
and gradually ab.sorb 0, forming BaS,0, and 
BaSO, ; these crystals are soluble in water but 
insoluble in alcohol; aqueous solution evolves 
HjS when boiled ; heated to redness out of con- 
tact with air, II,S is removed and BaS remains 
(for details, v. Veley, l.c.). BaS,H, is strongly 
basic in its reactions : e.g. with As.S, it forms 
Ba thioarscnitc. 

Barium, inlphocyanide of. Ba(SCN),. Ob- 
tained by decomposing NI4,.SCNAq by BaOAq 
{v. BULPHocYANiLEs, Under Cyakides). * 

Barium, thio-antimonate of. Ba,(SbS,),. Ob- 
tained by the action of BaCl,Aq on Na,SbS,Aq 
(compare thio-antimoxateb under Antimony, 
xmo-ACiDS op). 

Barium, thio-arienite of. Ba,A8.S,. Obtained 
by digesting BaS-.H^Aq with AsjSj* and Barium 


of a base and an acid ; in some < ascs water is 
also formed, in other eases tho salt is the solo 
Iirodiict. Typical reaclions are as hdlows; 
K.,<)Aq +iigiiij!Vq K .SO.Aq s 11 () 
2K()Iii#rHll .SO,Aq .. K ,HO,A(i i 2IBO 
2MI^q + H,SO,Aq (Nil,),SO,Aq. 

A base may then bo (i.) a rm lallic oxide, (if.) a 
metallic hydroxide or an allied compound such 
as NKt,.OJI, PMCj.OlI, SKt„.01J, tV(!., (iii.) am- 
monia or a derivative thereof, c.f/. NllJ'H, NMe„ 
Ac. Tho t(!riiis strong and u^eah may bo applied 
to bases with meanings similar to those given 
to the terms when B])plied to acids ; a strong 
base, in this sense, is ono which, wlien it reacts 
in aqueous solution with another base and an 
acid — all being present in e(]uivalcnt quantities, 
and all possible products being soluble in water 
— combines with B largo proportion of the acid 
and leaves only a small proportion for tlie other 
base to combine with. Thu hydroxides MOH, 
where M=; an alkali metal or Tl, are strong 
bases ; NH, is a weak base; and Nl^Mc 

are stronger bases than Nil,; NMopH and 
SKt,OIl are nearly as strong bases ai tho 
alkalis (v. Appinitt). By the term a strong 
base is sometime.^ meant a base which reacts 
with various acids to form very stable salts; 
e.g. salts which aru not changed by water, hot 
or cold. In this meaning of the term BaO^i 
is a strong base, but BiOJI, or BoO,H| is » 
weak base. The oxides and hydroxides of poly* 
valent metals apix^ar to be weaker bases thim 


tiKMmnatc. Ba.iAsS,), and Ma(A«S.),.. ob- ; 

the action of H.S on BaHAsO,Aq 1 ^ bvdtoxid*i! 

tBO-insEna™ under ■ Kometime. a mctallio oxide, or hydrated oxidi 

towards strong bases as an acidic oxido; tluui' 


AI. M. V. M. 
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S ^th mneii KOHAq to form K,O.A^a. 
:^ 1 , 04 ). In some cases the basic and acijo 
itions of a compound may ha nearly equ4t 
thus amido^acetic acid (? ClI,.NHyCOOH) forms 
salts by its reactions with hiiacs as other acids 
do, but it also combines with acids, as NH, 
does, to form salts. Tlic hydroxides of certain 
metals which in some of their reactions behave 
as non'rn' lals reaejb as bases towards most 
acids, hut if oxyj'cri is added to tliesc hydroxides 
compounds aro formed whicli react as bases 
only towards the stronger acids and at the same 
time react as aidds triwards the stronger bases ; 
such compounds are HnOJL, and SnO.OJls, 
rospCiCti vo'ly. ilanc-s are .sometimea divided into 
tnono-acidf di-acid, tt-i-acid, drc., according as 
one reacting weight interacts with onc,tMro, three, 
(to., reacting weights, of a monobasic acid, to 
form a salt. The poly-acid bases aro weaker 
than the mono acid bases. As examples of 
mono-acid bases may be given KOII, NH^, Nll.Et, 
Ac. ; of di-aeid bases, CaO^FI^, ZiiO^Hj, 

NlI-CjH,, do.; of tri-aci(i bases, FcOJI,, 
0,U,(N]I,),0H, Ac. ; of totra-acid bases, ZrO.H,, 
Ao. (comp. Aeins and Salts). M. M. P. M. 

BASES, ORGANIC, v. Alkaloids, Amines, 
AifiriKs, Azines, Pyjiiiunr, Qdinolink, Ao. 

The nomenclature of ba-ses containing carbon 
and nitrogim in one ring is as follows: 

Purrol Pi/ratol Triazol 

On-.CIlv CiI:N V N:CIIv 

I Vu I \Nn 
CH:CTK 


L 


;Cil 




i:Cu/ 


Pyridine. Pyrazine. (A'ctit'’.**' Pyrimidine 
HC:CH.OU 1IC:NC1I VllC:N,CH 

I 11 1 11 I II 

HC.N.CH 1IC;N.CII •N:CH.CII 

Quinoline Isoquinohne. 

XU-.CII ,Cil:CU 

oji.< ! c,n/ I 

; CII \Cir:N 

Quinazoline Quinortilino Cinnoline 

c,h/ I c.u.<; I c.u/ I 

'N : CU 'N;CU ; N 

hula zinc 

,CITv • XIL 

Qlijoxalim 
.NH-CH 

^cn-N 

BASIC OXIDES, Oxides wliich react with 
acids to prod uco salt.s. The greater number of the 
metallic oxides are ba^io; oxides of well-marked 
non-metals arc never basic. The correlative 
term is acidic oxida {v. P-vsks, Acids, Salts), 
M. M. P. M. 

BASICITY OP ACIDS v. Anns, DASiaxY or, 

BA81LICUM, OIL OF. The essential oil oh. 
tainod by distilling the leaves of Ocymiim basili* 
oura with water contains C,„H,,.1II,6 which crys* 
taliises in prisms (Pumas a. Peligot, A. 14, 76). 
;; BA88IA LATIFOLU. The seeds of this 
'^pJKimalayan plant yield by pressure a buttei 7 


Phevarina 


BAlaOitlN. The insoltihle gnm ad4 
Jliably meta^arabio acid, or at least a meta* add ’ 
allied thereto (o. Ababin) of gommi bassone, 
G. Toritonense, or 0. Kutcra. These cnUDl 
consist of a part (the meta- acid) that swellfl up 
to a jelly when they are treated with water, and 
of a soluble part, the alkaline or earthy salt of 
the acid. C. 0*S. 

BASTOSE t>. Cellulose. 

BA8TL0DB. A name sometimes applied to 
the more positive, usually oxygen-containing, 
radicles, or groups of atoms, which combine 
with more negative, or chlorous, groups to form 
+ + - 
salts; e.g. K^O.SOj, K.O.CrOj, CrjOj.SSO,, Ao. 
The name is sometimes also applied to the 
elements which displace H from acids with 
formation of salts. The correlative term if 
chlorous. M. M. P. M. 

BDELLIUM. A gum-resjn (Johnston, J, pr. 
26, 14 r>). 

BEBEERINE C„H,, NO,. Bebinne. [180®]. 
Occurs, together with a resin (sepirln) and an 
acid (bebirio acid) in the bark of the bebceru 
tree of Dcmerara (Bodie; Maclagan, A. 48, 100; 
Maclagan a. Tilley, P. M. 27, 186 ; v. Planta, A. 
77, d.*}3). It is an amorphous powder, v. si. sol. 
water, v. o. sol. alcohol, v. sol. ether.— B',HjPtCl,: 
orange amorphous pp. Buxine has been con* 
sidered to be identical with bebeerine (Walz, 
N. J. P. 14, ir>). 

BEE’S WAX V. Wax. 

BEHENIC ACID C^H^^O,. Benie add, 
[76®]. Occurs as glyceride in oil of bon and in 
! the fatty oil of black mustard seed. Needles, 

! resembling stearic acid. — NaA'. - BaAV — 

! PbAV— EtA' [4U®j (Voolcker; Slrecker, A. 64, 

‘ 346). 

BEHENOLIC ACID BenoUc acid. 

[67’6®]. Formed by tho action of alcoholic 
potash on di-hromo-behenic acid (Haussknccht, 
A. 143, 41). White needles (from alcohol); f, 
sol. alcohol and other, insol. water. Not re* 
ducod by sodium-amalgam, but combines with 
Br... forming C..lI,oBr..Oj [47®], and with Br,, 

' forming [78®J. 

Salts.— MgA'j 3aq. —AgA'.— BaA',. 

BELLADONNINE. An alkaloid occurring in 
the mother-liquor from wliich sulphate of atro* 
pine {q. v.) has been crystallised (Ilubschmann, 
Schweiz. Z. Pliarm. 1868, 128; Kraut, A. 148, 
236; B. 13, 165; Ladenburg a. Bouth, B. 17, 
152 ; Merling, B. 17, 381). Amorphous, v. si. 
sol. water, v. sol. alcohol, ether, and chloroform. 
It is but slightly attacked by boiling baryta* 
water, but is split up by alkalis into tropic acid 
an;} oxy-tropine C«H,jNO,t. This would indi- 
cate that bcllodonnino is oxy-atropine CpH^NOi 
(L.). According to Merling, beiladonnine is 
C„ff .,NOj and gives tropine, atropic acid, and 
iso-airopic acid when boiled with baryta-water. 
Salts: B',H J'tCl^-B'HAnCl .. 

BEN, OIL OF. A fatty oil expressed from 
the fruits oi ilfortn^a nux hehen. It contains 
glyceryl palmitate, stearate, olcate, and bebenala* 
(r. Bkiienic acid). 

BENIC ACID V. BanENic Acm. 

BENYLENE (223®-228®J. aO. 

Formed by the action of mooholio potbsh ^ ^ 
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4i^iAiWJ36 sabfitonce obtained by extrooting 
with alcohol the product of the action of ZiiEL 
tm phenyl-acetonitrilo (Frauklaud a. Tompkins. 
C. /. 37, 56‘J). ^ 

BEKZAL- V. Benzylidexk-. 

BENZALDEHYDE v. Benzoic aldeiitox. 

BENZALDOXIM CJ1,.CI1:N.0JI. Oxim of 
A^rotc aUchydc. {c. 220“ with decomponition). 
Colourless oil, formed by the action of hydroxvl- 
amine on benzoic aldeliydo (IVtraczek, B. is, 
2786). Formed also by reducing benzamidoxim 
with sodium-amalgam (Tiemann a. Kriigor, B. 
17, 1002). By heating with HCl it is split up 
tnto hydroxy lami no and benzaldehyde. Ac.O 
converts it into benzonitrile (Laoh, B. 17, 157i). 

Sodium salt C.irjN(()Nji)n(2 ■ white easily 
soluble plates, formed by the action of sodium 
ethylate on bonzaldoxim in alcoholic solution ; 
^vos characteristic Dps. with the salts of the 
heavy metals. 

Hydrochloride C,H,:N(OII),HCl : white 
glistening scales, rotates on water. 

Methyl ether C,H,;N(OMe); (lOP un- 
<»rr.) ; colourless oil, lighter than water and 
Blightly soluble; formed by the action of methyl 
iodide and sodium ethylate on Itenzaldoxiiu; 
by HCl it is split up into bouzaldehydo and 
methyl-hydroxylamine. 

Ethyl ether C,lI,:N(OKt) : (208“ uncorr.); 
colourless oil, split up by HCl into ethyl- 
hydroxyl-unino and benzaldehyde. 

Propyl ether C;H,:N(OC,H,): (225® un- 
cerr.), colourless oil. 

Iso -butyl ether C,H,:N(OO.n.) : (288® 
unv.orr.), colourless oil. 

Amyl ether G.II,;N(OCjH,,); (16P un- 
corr.), colourloBs oil (Petraezek, B. 16, 823). 

BENZAMIDE CJI,NO i.e. C.HvCO.NH,. 
Amide of benzoic acid. Mol. w. 121. [1.30“] 
fCiamician a. .Magnaghi, B. 18, 1828). S.G. * l-3i 
(Schroder, B. 12, 1012). 

Formation.— 1. From BzCl and NH, 2. 

Together with NII^OBz, by the action of Bz.O 
on Nil, .--3. From EtOBz and NH,.— 4. By 
boiling hi 2 )puric acid with water and PbO^or by 
heating hippuric acid in a current of dry HCl. 

Propcr/ics.— Monoclinic tables; a;6c- 
•228;l:10r>8; 22' (Klein, A. 106, 184); 

y. b 1. sol. cold water, m. sol. hot water, especially 
if it contain NH, ; v. sol. alcoliol and ether. j 

Reactions.— 1. It splits up into water and j 
benzonitrilewhen heated with dchydratin.ja ients ; 

PjSj, or H SO,) and to some cxXbiit when j 
healed alone at 220 '.—2, Boiling cuiucuu.’i potash i 
forms KOBz. -3. Boilhtg acuis form benzoic ' 
acid.--4. BzCl or Bz,0 form benzonilrile and 
benzoic acid. -6. Kcduced in acid solution by . 

. sodium-amalgam to benzyl alcoliol.— ,C. Boiling 
phenol given bcir/oyl-phenol (PJiOBz) and .Nfl ,. ~ . 
7. PCI, forms an unstable sub;U:inco which 
rapidly splits up into ilCl a.nd bcnzonitrile • 
(Wallach, A. 184, 10). — 8. COCI, gives beuzo- 
liitrile, cy aphen ine, and d i ■ Iwnzoy 1 -tf rea ( .Schmidt, : 
/. or. [2] 5, 35). — 0. CSCl^ gives l>eTiznnilrilc, • 
COB,imd HCl (Ralhkea. .Schafer, A. 100, 107).— 

Id. With chloral it combines forming C,H,Cl,NO 
, (Wallach, B. 5, 251). -11. With ethyl 

il forma N,, benzoic ether, and Ifjo 


A 18, S7#7).-I8. A «>lvtioD c 
fenxamide in bromine deposits orystali^a 
iinstablo BzNHBr,. - ^ 

OombOw/mas.-BzNHJICl: long priami 
formed by saturating a mixture of bonzamid 
and HClAq with HCl (Dcasnignea, A. Ch, 18 
, 34, 146; Pinner a. Klein, B. 10, 1897), Whei 
i ftll its HOI.- 

‘ Pr* C3’ 

f ' oU, 122j. ** ^ 

SaIt8.~(BzNII),J{g [224®J. Formed bi 
; filing bonzamido with water and IlgO. Laminii 

' li and other.— 

, ^zMil I slender noodles (Church a. Crookoi, 

Additional /h’/crc«cM.- Liebig a. WOhler, 
ir i'^bUng, A. 28, 48; Schwarz, A. 

70 , 195; Laurent, Beoue ScienL 10, 891 1 
Henry, Z. [2] 5, 446; Brauns, Ar. Ph. [2] 
126, 214; Oppenhoim a. (’zariuimsky, J9, 
fi. 1392; Guaje.sohi, 0. 4, 46.'> ; A. 171, 141: 

®®biff a. Tasainari, JJ, 
10, 178.5; Fnedburg, A. 158, 26. 

Bens-chloro-amidc O.Hj.CO.NHCl. Pre- 
by gradually adding a cone, solution of 
chloride of limo to a cold cone, solution oi 
benzamide acidified with AcOll, the produol 
being shaken out by ether as it is formed. Long 
colourless prisms (from waiter) (Bender. B, 
19, 2274). ' ' ' 

Bibenzamide C,Jl„NO, i.e. NIlBz, [148®1. 
8. *12 at 15®. Formed, together with benzamide, 
by the action of KNH, on BzOl dissolved in 
other (Baumort a. Landolt, A. Ill, 1); and 
from bcnzohijjjiJx^lOg.) and fuming ILSO, (7g.) 
(Barth aJjlefOer, B.9, 976; Giimpert, V. pr» 
12J 30, Wl). Trimetrio crystals, a:b:om 
•931:l:l i69. SI. sol. boiling water, v. sol, alcohol, 
ether, and benzene. 

Salts. -NaNBzaJaq: small prisms, loU 
ether. AgNBz,. 

0.ir,.C(NII).NH, 

[7i> -HO J, 

J^repuraiion . — Benzonitrilo is converted by 
treatment with isobutyl alcoliol and HCl into 
the hydrochloride of CJI,.C(NII).OC,H„ whence 
ammonia produces benzamidino (Piunor a. Klein. 
B. 10, 1880; 11, 4). * 

Properties.— '^, sol. water, si. lol. other, ▼. ew 
sol. alcohol; dfdi |tUBcent ; very volatile. Di. 
coinj>o.Hed by heat into NH, and oyujilienina. 
Salt8.-B'HC1: flat needlcB.-Byi,Pt01g.— i 

AgC If.Nj. J- . 

BEKZAMIDO- t'a7/rnroyi>AMiDO-. 
BENZAMIDO-ACEIIC ACID v. Hxpxubso' 

ACID- i 

BENZ-AMIDOXIM CJLN,0 t.#i. 
PhC(Nn.J.NOH. ! ienze.nyl-oxamuline, 

zenylavufpirim. Lonitroso-benzijlamine, (89^, 

* roxy(*^';l'; 


FjntuUUm.~- l. By the action of hydroxy**; 
anune on an alooholio solution of ^nzonitril# 
(Tifinann, B. 17, lL'8).-2. By the action ol H 
hydroxylamiiif; on the liydrochloride of /K 
amidiiio.— ,3. As a by-product in the action III" ! 
hydroxylainine hydrochloride U[)nn bcnzimidCh*, ?' 
ethyl-ether.— 4. By digesting thio-benzamid# 
with an alcoholic solution of hydroxylaminc S’i 
(ri^-iiiaun, B. 19, 1668). Long flat monoiytM*'' ' 
metrical prisms a:b:c 2-502;l;1077. Y "^e tilliti " 



1^. ioi il6€lurf» 

md hot water, iL sol cold water. It is poi- 
soooos* It disBolros both in adds and alkalis^ 
F^Cni. gives a red colouration. The ammoJ 
nii^ solution gives white crystalline pps. withi 
BaCl,, AgNO„ Pb(OAc),. and ZnSO^. The silver 
pp. on lujating in the solution in which it is 
fonned gives a splendid silver mirror. 

Jieactkms. — 1. Gives the carbamine reac- 
tion with chlorofarm and alcoholic potash . — 
2. Nitrous acid {onn» benzamido.— 3. Soilium 
amalgam reduces it to benzaldoxim and NH, 
(Tiomann a. Niigeli, J3. 18, 1086).— 4. When 
quickly heated at ITC^ it splits up into benzo- 
nitrile and NIIj. 6. By heating with acf.tic 
anhydrule it yields bcnzenyl-azoxim-ethenyl 

Halts. A'Na: white crystalline solid, de- 
composed by water. -A'K: crystals. A'Ag : 
unstable white crystalline pp. A'(Cu()II)* 
amorphous dark green pp. -A'JI.JICI : large Hat 
plates or concentric need b ;.q. -A'l 1,1 L.SO • hir-o 
prisms.- ; amorphous solid.* ” 
Methyl ether. - NMo. : [07^]; (lW iin- 
corr.) ; prisms ; v. sol. ulc.diol, otln^r, and hfuiz- 
one, si. .sol. water. By JfCl and Na.NO, it in 
■ nietlmxim cldorido 

U^ll ..VAjl{>iU.Me). 

pbitea. By dilute Il.SO, and .sodium nitrito 
It IS conviMlcfl into l)en/.liy,|i’oxlmic - ethyl - 
other {hen.-oiil . lu/Uroxylaatine ethyl ct/ur) 
C„H,.C-(011)N()l.:t. With lien and NuNO, it 
yields l)(;n/enyl-«'l,lmxini-cli!oride. 

ncnnjL ether. A'C,11,: [prj; scales. 

Is e n o y I d e r i rat i ve. 

C,lIv(-(Ml,);NOB/. : f 1 white 
needles; V. B(d. aleoliol, ether, ami nipieou.s 
ac^i. Is, nmol, water. Dn heating it reaflily .spliLs 
off 11,0, giving n M> to hen/.enyl-azoxim-benzenyl 

0,.H,C(NlI,):NOAc. 
[00 j thin plates <)r Hat prisms, sol. alcohol, 
sol. idher. Y. k 1. sol. watm-. Jty boiling 
With water it loses HO u„a ig converted into 
bonzenyhazoxini-etlienvl. 

Nninryl derrcitivc 

C.H .C(Mlj:No.CO.C,U,. fine needles. 

j. WhHo plates. Sol, alcohol, ether. 
Oen/ono, ami iigroni, msol. water. Funned by 
heating an ulcoMc solution of henz-iimidoxiiu 
(2 jls.) aml^ikuii ethylate (2 mols.) with 
ethylene bromide (1 mol.). • ' ' 

Cy", ,ntu M.,nil C.H.N,C1,0,.. [13B'’). 

ObtaiiuMl by mixing the eonstituent.s.' White 
jirystallinn (wmlcr. V. aol. nloohol and ether, 
w heatment with H.SO, or by 

tonB boiling with water it is resolved into its 
components (haick, B, I'j, I486). 

i,yeir«.vs,_Vi,„„,r, /(. 17, 'iSd; Tiemann 
i’ll I®’®: Tiemann, 

(e. also Azt'xiM.s). 

Beuz amidoxim earbonio ether 

; ““iosmi (Falok, B. 18, 2|B7). Long glisten- 
M needle,. V. eol. alcohol, etU a.Id 


CAO<*n’>0(OH). 

O..HhO,N„ U 

cX-C(NHJ:NO^^^- Formed by the 

action of carbonyl chloride upon benz-araidoxim 
dissolved in benzene (Falck, B. 18, 2470). 
White plates. Sol. alcohol and ether, v. si. sol. 
benzene, insol. water. 

BENZ-AMIDOXIM-m-OABBOXTLIC ACID 

C,H^N.p3 [3:1] C,iH.(COaHl.C(NOH)NH 
[200;] Crystalline solid. ^ Sol. hot watei and 
alcohol, si. sol. ether, nearly insol. chloroform 
and benzene. 

Formiiion.^1. By saponification of the 
ethyl ether which is obtained by combination of 
wi-cyano-bonzoio other with hydroxylamiue.— 
2. By digesting a mixture of equivalent quan- 
tities of wi-cyano-benzoic acid, hydroxylamine 
hydrochlorido, and sodiuin^arbonate, in dilute 
alcoholic solution for 12 hours at 80^-100°. 
Beartians. ~ The aqueous solution of the 
f sparingly pps. with CuSO.. 

I b(()Ac) , AgNO,, and ZnSO^. Heated witt 
acetic anhydride it is converted into 7n-carboxy. 
uenzenyl-azoxim-ethenyl '' 

Bihi/1 ether A'Et (llg-'J ; noodles; y.aol. 
alcohol, b 1. sol. water (Miiller, B. 10, llo.>). 

Benz-amidoxim-p-caiboxylic acid 
tfji) UJl,(CO,H).C(NOH)NII. [above 330®]. 
I'ormcd by dige.sting p-cyanobenzoio acid [1 
mol.) hydroxylamine hydrochlorido (1 mol.), and 
sodium carbonate (1 mol.) in dilute alcoliolio 
, so utjon for 18 liours. Sol. dilute alcohol, si 
j sol wutiT, nearly insol. absol. alcohol, ether. 

, and bon/ene. A dilute aqueous solution of the 

A?yvn with 

A„NO,. By boiling with acetic anhydride it is con- 

\eiled into i>*carboxy-bonzenyl.azoxim-otheuyl 

C,U,{C0.,11).C<^^^‘^^C.CH3 (Miiller, B. IQ, 

: llIU). 

fEt:[135®]; obtained by 
I %' the ethyl other of ji-cyanobenzoic acid 
j with hydroxylamine in alcoholic solution (Mul- 
• er R 18 2185). Colourless crystals; sol. 
j boiling water. ’ * 

. BEKZAM-MALONIC acid r. Carboxt- 

phknyl-m.vldxamio acid. 

BENZAM-OXAXJC ACID v. Cardoxy-piienyl- 

OXAMIO ACID. 

BENZAH-8EBAC1C ACID v. Carboxt-phenyl- 

BERACAMIC ACID. 

BEirZAM-SlTCCIincr acid ». Cumoir. 

PHHNYI.-SUCCIXAMrc ACID. 

BENZ-ANHYDRO- v. Bexzenyl- or as deri- 
vatives of'Bcnzamidine. 

BENZARSEK- v . Arsenic, organic deriva- 
tives OK. 

BENZARSENIC acid V . Arhe.nic, oroanio 
derivatives 9F . 

BENZ-BROMO-QUIROLINE v. (RI-Bromo. 
quinoline. ' 

REaNZ-CHLORO-AMIDE V . BxNZAinDB* 

BhRZ-CHLORO-QDIBOlIHE V. (B.l-Cawa®* 

QUINOLINE. 



composed b? bgryU Info urea and 

4niidaieji2oio*oid. -Ji'liclaq -B' H a rwl-liot tnbe.*-0. Metallic aucoinatea 

W(^j.a6thylWom^ I T'". ‘*‘5* Ji‘iuid (hydronuinone 

NHMe.C(NHl.NlI.C H CO H Prom *r>ih ' ‘ '} yields l)i'n/,cno wlioa Jiatlliod 

KMcHit solution. Lamina* v si sol cold waf ‘r ^ ni ben/ene sulphonie am<I by piisain^ 

Boiling baryta forms nu thvi u^^fand ^ ‘‘t 

\/ 4 ^ ^ ^ ^ fbo humologuos of Iwm/.CMO when 


U HN-C< 


\n 


1 ^ ’ Ti It. ..t I ^***1 •»«■»/.’ 4f, Aiio ui>nu)u)^uot( (tf bon/«rMo wiioii 

\NK CO ‘ i>«‘l»ng-poiiits with a ourroiit of 

action of McI on o-bonzglycocvainidine fOrioas v!!l 1 *“ l'r«‘«fnce of osolvo Mt Cl and 

B, 13, 1J78). While needles ^ l’ > ^ >>‘nnolo-ues. but at the siiuio time 

sol. ether and hot water Insol caustic alk-’iIiV r^*l V' i of the 

Salts - infA . ; 11 ^ ‘ilkJihs. ^ hydn-carhon with jiro luclion of hiclue- liomo- 

(B-llCI) r>ici,. '‘'‘ = i '''■>■» i' i" ii.to b„ili„«““ 

o.B,ii,.(fl).n,othyl.KWcocvamidlii. I f’ :Vf'- 


o-Bea*-{fl).methyl.glycocyamidiiie 
C,H,.\,Oi.e.IlN-..c/^“ ~ f-”' 

D j . , ^N’(CH,)-CO 

rrapared by the action of mothylainine on 


|»seudocuin*ne, mesitylono, ami durenu arc 
obtained (.lucobaen, /i. 18, .'{.'{.s ; Anschiitz a. 
Immendorllf, />. 18, Do?). —10. Ben/e-ui' is pro- 
iluced when hen/yluleno chlorid.-, PhClICl-, or 
ben/.(»triehloiide, I’hCCI, in heated witli soda- 


‘ethoxy - cyan-amido . beii/ovl ' Jr ir vni i v.„ ,» wim Boaa 

(Orics., D. 13, .7^) l .»•& " 'I- l»i>. !"W)-11. dittvio- 

caustic nikalis. WVukUsr ' ' ,"1""t'' ‘‘".'“V .'•' '"'‘“"K 

Salta -If-fir ' J., .! ' . .1 . alcohol „r alcoholic KOI 1. 

ilccoMi[jos<'d hy water. -(S'HCll* PtCl '•'aimrinulv Jr« p'al tar in diiilillcd and the 

aoluld^'cl 1,01^,1,11" I»ihni? Mow ir,,)> i» fr,.,.d from 

BENZCYANIDINE o. lii Njiovi. cinsiop i j' “ l>y making with N'aOllAii ,.>i,l from 

BENZEIBS. Theno ho'liTJ^^ ; Ms .s l,y ,hak,„K w,0, IKSO,, It is ihcu rocti- 

«mhiothc,,i.thah.,,,s,,uchy,iroWiai,d,z « x«.' t.d'’"io";f ,h;;,‘‘":'Li,;n 

!T'f- -c/Vv:!;:’ r'";::",, to': 

phenols with beiizoliichloridf. 'I'lio Li,ii,m'i',d l•,^vI"»••"o°thc''ii^t n'ti* ' 
from ro.sorcin is yellow, tiuese fr >m eivhniu i m , »» P'u formcd in an 

pyrocatechin, hvdiotiuinone orcin and eol 1 r*^' ‘ a tall vertical 

..,a,,hth„l aro ycdiow or ycllowish-rcd. pv,!,. ?,i Jo,, ll ‘"I , ‘'f". = ‘'’o « 

gives a blue, and (al-iiiiiilithol a ureen dve^ On uuVi i :V 1 i ^ * hi nz.uui passeH over, 
reduction they gi\e the cniTf c„oi,dine\b rlvi O 1 i' condense jumI run back to- 

tivesof mcth;no^Docblo^, /iid ^rom 

227). ' uvuicr, ij. iu, Oiu, al. 217, Its honiolot;ue« by cooling with iee and salt, 

SPWJPWT? 4 ^ IF 1 wo f Bulitiifieg and tbo homologiieM whioii 

^ Schiff, A. ^JO, 91). ,S.Cj 1. I * -H-Snlf (S.) ; 1*““' thiojdicno by shaking witli emic. H,K0 

' *» A II. I : . . . • I . . .^ . f _ 


, , Ij.vjr, HnaKMlg WUii 111 , 

?-8799 (Briihl). V.D. 2-74 (calc. 2 7U) (S.) 11; I'^*^ 

S.H. -aSdi-h-OOlOL'^ at m. .S..)n(T J 1. ^ 


enne. JljNO.. — 
pi.) and Hlaked 

320). 1I.C.P. (li,)uid)77fiOOO(li, rth. I'loduct ,n sl,uk,,n w,(h KOll A, i, distill, d with 

f6] 23, 123), 770,M(: i:,:,;h:,;an„ ^ J • and Na ,.„d rccliflnd. 

Hcnberg, J.jir. [2] 33, yjs)' ..i I“">> Mis, iphciiouu ,•«, hy .products. 

799.3.70 at 18’ (r/i.» , 787.188 i.S It a il l / i'" l’>-''l'""''l from 

H.P.p. (as vapour) -12, .510 (Thom sen 77/ 4 bi ) ' *t will contain thiophenie 

H.F.t.ll3,i!70 iT/a aK ^2 o thiophene. 

(8.). 8.V. 9.51U (S.); 9.5-8 iltanisav C J f.- 'Cnlour esH, mobile, sUorigly m. 

443). M#l’513nB.) ; l%5002at llAveLoeniin’ ' “ 'f atile w-itli steam. Scarcely 

C. if. 104, 423) ; l-50.5t) , Gladstone. C. J [2] ?’ acetic ‘-tl*'**'* K^ftcirtl 

101). B«. 42*16 fB I • 44*«y tPannnri.i IT* r I t*^ ocid, ttcctoiie, and chloroform. Crystal- 

[2) k ; ;j:::thV.tT'6“Ar'iri“' 

lime Ju^Zrlkh, 'd, orM^IVdigt^ 9*i8 “'I'l’ '“‘‘"r alkaloids.'"lt imnia w“h 

^if oi^ rit , tevifc :{ 

GO 



DetuHcn^^BeniBOb is eonr^ted by lomiiig 
HnOfioto iiitro-benzene ; this is washed with 
water and reduced by tin and HCl to aniline; 
caustic soda is added and the aniline oxtracidd 
with ether ; the ether is evaporated and we 
aniline dissolved in much water ; the aqueous 
solution gives a violet colour with bleaching- 
iwwdor. A mixture of UNO, and H,SO, forms 
di-nitro-benzeno, which, after crystallising from 
dilute alcohol, molte at 80°. 

Detect i(m of Thiophene in Denzene.-^Thio^ 
|>hene. wliich is usually present in small quanti- 
ties in coriirnercial benzene, is indicated by the 
bhie colour produced by shaking with cone. 
R^SO^ an.l isatin (V. Meyer, D. IG, 1465; Baeyer. 
B. 12, 1301)). 

LnpuriticH.—Cnuh benzene may contain 
traces of toluene, xylene, thiophene, CS,, amyl- 
one, crotrmylene, alcohol, and acetonitrile. 

Iie(ictu)ns.~~ i, Ilenzene when passed through 
a red-hot tube forms hydrogen, a little acetylene, 
diphenyl, benzerylhrene /i-di-phenyl- 

benzone, iso-di -plionyl-bpnzene, and triphenyl- 
cne (IJorthelot, Jit. [2J G, 272, 270 ; G. Schultz, 
A. 174, 201; Jf. Sohmidt a. G. Schultz, .4. 20.3, I 
118). 2. A mixture of benzene vapour and ^ 
rthjilenc passed through a red-hot tube gives 
diphenyl and small quantities of anthracene, i 
styrene, and phenanthrenc (Berthelot, Jit, f2] 
7,113, 274; li'rko, /I. 20, GGO). -3. A mixture 
of equivalents of benzene and toluene dropped 
at the rate of 80 g. per hour from a tap funnel 
into the turned-up end of an iron tube kept at 
low rod heat is converted, to the extent of about 
10 per cent., into gases, naphthalene, diphenyl, 
p4olyl-di phenyl, o-p-di-tSiy** S) and (8) di- 
|jhonyl(?ne.ni£ thane, phcnanthrem«. anthracene, 
ji-di-phenyl-hctizcne, a hydrocarbon a 

j.ydrocarbon [13°] (203° -816°) and two Ih uid 
hydrocarbons (350°-383°) and (404°-427°) (Car- 
fiolloy, J. 37 , 701),— 4 . Induction sparks 
passing through liqiiid benzene produce a gas 
that contains 42 pc, acetylene and 57 p.o. 
hydrogen (Deatrcm, Jil. 12) 42, 207)..-5. Alu- 
minium chloride (r. p. 117) acting upon a mixture 
of bonzone and an alkyl chloride cuuse.s JlCl to 
escape with the resulting formation of an alkvl- 
oonzene (rnedol a. Crafts, G. It. 84, 131)2, 1450; 


as, 74 ; ^ 1 . ( ;« [«) 1 , 449). (o) Thus «.■/%( 
c)Mon.h' passi il into amixiure of bonzeno and 
AI,OI„ gives toluene, o-, tn-, and p-xylone, ip- 
cumene, mesitylono, durene, iaodurene, iHsnta- 
methyl-bciizone. and hoxn-methyl-benzeno (Ador 
J^^cobson, B. 14, 2624). 
(0) Gnloral is converted by benzene in presence 
of AIXl. into CrhCI,.CU(OH)CI, the hydro- 
chloride of »..di-chloro-i.honyI.acetio aldehyde 
15“".'/", I' .98. e78: Bl. [2] 41, 382). 

|c) Methylene chloruie in presence of ALCL 
«»vcs di-phenyhiuotlmno, anthracene, and tolu- 
>eno (Fncdel a. Crafts, Bl. [2] 41. 322). (d) 

Chlormncnn, Al.,Cl„ and benzene form CHPh. 

^nlonds, Al.jCl,, and benzene give di -phenyl. 

and n-propyl-benzene (Wispok a. Zuber, 
A. 218, 874). m Vinyl bromide, ALCl,, and 
tienzene give ethyl-benzene, u-di-phenS-ethane, 
and di-mothyUauthracone dihydride (Angeblis 
a. AnschiiU, B. 17. 167). Vinyl tnbromide. 


phenol (Fi&d«l-a. Cb^sTTP^ * — 
&nff, 4. 220, 282), (h) Suiphur mixed *W 3 
boihng bepz^e and a 1,01. forms phenyl m 
captan, di.phenyl sulphide and ‘diphenyls 
d^ulphide; (Cja,).,S, (Friedel a. Crafts, T 
8G, 884). (t) Sulphurous acid, Al^Cl,, and bee 
ene give di-phenyl-sulphoxide, Ph^SO (Colby 
McLoughlin, B. 20, 195). (y) Acetylene in pi 
Bcnce of Al,Cl, forms styrene, di-phonyl-ethan 
and di-tolyla (Varet a. Vienne, Bl. [21 47, 917) . 

6. Heated with Al^Cl, (2 pts.) at 200° in seaL 
tubes benzene gives toluene, ethyl-benzene, ai 
diphenyl (Friedel a. Crafts, C. It. 100, 693).. 

7. Phenol is among the products of oxidaii 
of benzene by ILO., (Leeds, Ph. [3] 11, lOGf 
c/. Kingzett, C. N. 44, 229). Phenol is all 
formed when benzene is digested for some dai 
at 40° with cuprous chloride and dilute HC 
atmospheric oxygen attacking benzene ar 

j Cu.^Cl.^ simultaneously (Nencki a. Sieber, J, p 
I [2] 26, 25). In the anisnal body it is oxidiw 
I to hydro.juinone and pyrocatechin (Nencki i 
Giacosa, 11. 4, 325 ; cf. Schiiltzcn a. Naunyi 
G. G. 1867, 706). Oxidation with MnO- an 
dilute H.^SO, produces formic, benzoic, an 
phthahe acids (Carius, Z. 4, 505; A. 14t 
50). The formation of benzoic acid is pei 
Jmi)s precodfMl by that of diphenyl (KekuI6 
PbO^ and H^SO, give benzoic acid; PbOj, an 
boiling dilute HNO, give only oxalic acid ; CrC 
gives only CO^ (Holder, Am. 7, 114).— 8. POL a 
a red heat forms FhPCl.,, diphenyl, and 1 
(Mieh.aclis, A. 181, 205; Kohler, li. 13, 1623).- 
9. S.Clj at 250° forms chloro-hcnzene, HOI, am 
S (Schmidt, Z). 11, 11 (;h)._io. acid am 
IL.SU, on heating slowly form iodo-benzem 
(Peltzer, A. 136, 194).-11. SO,Cl, at 150° givei 
chloro-bcnzene (Dubois, Z. [21 2, 705) —12 
I l’liSO,I>h, P),SO,CI. am 

C,U,(Oif),CI, Iho triclilor Iiy.lrin of phenom 
I (Urms. .4. lilO, :12,1).-14. A.|Ucoub HClO.lornu 
; tnchloro-phenomalic acid, chloro-benzone, and 
! dichloro-quinono (Carius, A. 142, 129).— 16, 
: acting upon benzene diluted with HOAc 

I (1 vol.) gives trichloro-quinono (Carstanjen, / 
benzene is heated with 
■ n u there is formed a brown pp. of 
C„H,(CrO.Cl), which is converted into quinone 
by water (Etard, A. Gh. [5] 22, 200).— ll Con. 
donsps with sulphuric acid and aldehydes, XOHO 
to XCHPh,. Thus chloral forms CCLCHPh,: 
6ro»wf forms CBr.CHPh, ; chloro-aldehyde forms 
CILCI.CHPhj; formic aldehyde forms OBLPIl 
(G oldschmiedt, B. 6, 985 ; Hepp, B. 6, 1439 ).Z 
17. Benzene is not attacked by HIAq and P 
m 250°, bnt at 280° it gives hexahydro-bensant 
Wreden a. Znatowicz, A, 187, 163; cf. Bar* 
thelot, A. Gh. [3] 16, 160). — 18. When cMoridm 
i» parsed into benzene containing thiophsntt 
HCl is evolved and the benzene then no longif 
gives the indophenine reaction (Willgen^ta 
[2] 33t 480). Pure benzene is not attadtS^ 
by ohlorijie in the cold and in the dark, bnt iiv 
. or in sunlight benzene hexachlorideis fonnsii^ 

1 In present of carriers, i.e, substanees ea pshts' 
f of combining with chlorine in more than oM' 

I prop^ion, chIoro.beDzenes are prodtiioad«-«^llb: 
I Nitric add forms nitro* and 




I OyBr. ((ksteTCoQ, B. 11. 9151).— 
V~-(0^g),8tt>Gl,: monoclinio Ubiaa, 
by warming SbCl, mth beniena 
(Wataon Smith a. Darifl, C. J. 41, 411). 

FaUaaiiia-benaene C,HiK mixed with 
OJIi|Ep Formed by heating benzene with K at 
950® (Abeljanz, li. 3, 1027 ; il, 10). Blue-black 
aryatalHne mass, insol. benzene. Takes lire in 
air. Converted by water into di-phenyl-bonz- 
o&e. hydrogen, and di-phcnyl. 

Constitution of i?C7ircir<'.— That the molecu- 
lar formula of benzene is C,H,, and not any 
multiple or submultiplc ot this, is settled, not 
only by its vapour donsity, but also by the exis- 
tence of the following series: C.H.Cl, C„H,C1 
0,H,C1„ C,H.C1„ CJfClj, C„C1,. We may call 
the six atoms of hydrogen in the molecule of 
benzene, a, 6, c, if, r, /. The first question is : 
are these six atoms of equal value, or could we, 
by displacijig a by an elLimmt or radicle li, get 
a product dilTorcnt fro.l. that which would bo 
pr^uced by displacing h by U? 

Proposition l.—Four, at Uast, of tJir Jrjilrogt'n 
atoms are of t'rp4iil value. 

Ordinary phenol contains hydroxyl in place 
of one hydro, 'vn : call this hydrogen a. Bromine 
and phosphorus convert phenol into Cv,H,Br. 
Sodium and curhonie acid convert tins hromo- 
phenol intosodic Lienzoale, C.H*.CO..Na. Hence 
the carboxyl of luui/.oic acid has talon the 
place of the hydro.^t n atom a. Now% there exist 
three ac//-heiizoit; acids, (!JI,(()H)(C(>.H), and 
einco in these the carho.xyl is in position n, the 
three hydroxyls must lui^e displaced three otln r 
atoms of hydrogen, say b, c, and d. When dis- 
tilled with lime, tliese tlireo acids, instead of 
giving three phenols, the hydroxyl being in pla» es 
5, e,d, give the same phenol which is identieul 
with the original phenol. H»mce, (he four hy- 
drogen atoms which we have called a, h, c, and 
d, are of equal value (Ladenburg, Ji. 7, 

Proposition II. -To cveri/ hydrofjni atom vi 



0iA(irQjd(o44. 

« m 

0«H«C1(C0^. The Iasi aoid ii found to be 
ideptioiu with the ehloro-benxoio aoid 

4* c « 

C„H.Cl{CO Jl) obtained by the diazo- roootioa 

from CJI^(NOj/(CO.^I). Hence e and d are 
similarly related with regard t.* a. Therefore 
wo have a aecond pair of liydrogen atoms siml- 
Inrly related with regard to ,i (Hubner, A. 99!l, 
91, cf. Wroblewsky, A. 192, 200). 

Propomtion hi. T//C si.t atoms of hydros 
in the molecule of ficn/cnc are of eyual rufua. 
Binco a, 5, c, and d are of eipial value, and the 
situations of / and e are similar to tlioso of b 
and c respectively, all six atoms of hydrogen 
ttro similarly placed and of eijual value. Thii 
conclusion might also l>e deduced from tlio fact 
that no instance of isomerism among the mono* 
HuhstitPtion products of b<«uzeno has been 
pro veil. 

Isomerism avu)ng di-substUution pmlucts, 
Since two pairs of liydrogm atoms aro symme- 
trical to any fifth, it follows, that only three di- 
derivatives of benzene can exist with a given 
formula. Using our former notation, those aro - 
ab « of, ac ^ ae, and a<l. 

This is confirmed by exj)erirncnt. 

Structural formula. —Wiuco tho atom of 
c.arbon is a.sHunied to bo tetra valent, all tho 
hydrogen atoms of lienzeno cannot be ullachcd 
to the same atom of carbon, and symmetry re- 
quires that they must be either each attached 
to one carbon, or ebe three must be attached 
to one, and three to another; or, firmlly, two 
must be attach'- ' vu one carhon, two to another, 
and tho rem ,ning two to a tliird. Tlio two 
latter hyqiotl^es do not account for more than 
two di- Hubslitntion products; hence the former 
is (stablishcd. The carbon atoms must bo united 
amongst Iheinsclvea in a symmetrii'u! fashion.- 
Kacli atom of carbon mu.st bo united with at 




the molecule of bemene there are tu'o of ^ least two other atoms, or the group would not 
hydrogen atoms similarly related. Benzoic acid, : hold together; but it may bo united with throo 
„ ^ « , , . othtT atoms. The former hypothesis reaulls in 

C^H,(COaH) gives bromo-bcnzoic acid, which j ti,o formula : 

e It ! 

we may call C„ll,Br(COjII). This, when acted 
upon by nitric aci<l, produces two isomerio 
nitcobromo-benzoic acids. Wo may call those 

C^,(NO,)lk(CO,II), and 

C,H,(N0JBr(C0"lI). 

But by reduction these lose their bromine, and 
giva nse to amido-benzoic apids ; 

(^,(llHJ(db,H). C.H,(!4,KC0JI). TliesoJ 
found to be identical, being antbranilic acid. 


^CH 

I I 


H 

Tliis is the ring-formula of Kekulb, which la 
one of tho two fonnui o originally put forward 
by him (A. 187, 160). If we number the poai- 


H ot OOi 5 and / aro symmetrically related vrith j tions occupied by tho moms of hydxogou thua# 
tagard to a (Hiibner a. Petermann, A. 119, 129). 


, ordinary nitro-benzoic acid may be con 
twetad into the above bromo-bonzoic acid by the 
e a 

diaso- reaction, hence it is 

0A ni^tion it gives a di-nitro-benzoio acid 

we may call C.H,(NO,)(XOJ(CO,H). 

ai«yba vediiced to W(KHJ(CO,n). 


9C' 




ec, 


r 
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W9 109 fRM iiM mmolfl lb» 

exiitende of hwr di^sabstihilion prodaotg— rif. 
1:4, 1:8, 1:2 and 1:6. To get orer this diffi- 
oolty, Keknl^ resorts to a peonliar mechanical 
hypothesis. He supposes that what we repre- 
sent by straight linos in a formula really 
oates that two atoms vibrate with reference to 
each other so that tho above formula would 
mean that, in a given unit of time, 1 approaches 
6 twice as often as it approaches 2 ; and so for 
the otlicr atoms. Now, if this were the case, 
the di- substitutioh product 1:2 would differ 
from 1:6; but he assumes that the motions of 
1 are as follows: first, it approaches 6 twice; 
then it approaches 2 once ; next it approaches 
6 once; then it approaches 2 twice; then 6 
twice ; 2 once ; and so on. This is equivalent 
to saying that the above formula for benzene 
is true for one instant, after which it changes to 



4 

and the next instant it changes back again, and 
so on. This assumption leads to the deduction 
that only throe di- derivatives can exist, and, if 
wo could devise no other formula for benzene, 
we should bo obliged to accept it. As a matter 
of fact, it is now almost universally adopted ; 
not BO much on its intrinsic merits, ns on account 
of tho enormous service has rendered 

to chemistry. 

Thero remains, however, a second hypothesis 
possible, which is that every atom of carbon is 
unitiid to throo other atoms. The following 
mechanical construction may help to elucidate 
tills hypothesis, 

Lot three rods bo driven into tho ground at 
the angles of an e<iuilateral triangle, and let tho 
top of each rod bo joined by elastic string with 
the bottom of ouch of tho two adjacent rods. 
A figure somewhat resembling a coronet is 
obtained, and wo may 8U])poso tho six atoms 
of carbon in tho benzene molecule situated at 
the two extremities of ctfbh of tho three rods. 
At first sight it might appear that this repre- 
sentation of the borizone molecule would indicate 
the existence of three di- derivatives — namely, 

(1) when tfit siftstituted hydrogens are attached 
to two carbon atoms atd^posito ends of one rod ; 

(2) when they are attached to carbon atoms whicli 
are both on the upper or boUi on the lower 
ends of two dilferent rods ; (3) when one carbon 
atom is on tho upper end of one rod and the 
other is on tho lower end of another rod. But 
if wo assume that fornuilfie and other mechanical 
symbols represent not actual position in space, 
but merely modes of combination of atoms, 
especially showing which atoms are directly and 
which indirectly united, (3) is identical with 
(1), (or it can be converted into (1) by simply 
bolding the string, at the opposite ends of 
which the carbon atoms have been placed, up- 
right, and doing the same with the two corre- 


ihi 

held upright, and the figure will be the same 
as before. Hence this figure for benzene gives 
only two di- derivations, and accordingly it 
must be discarded. When the figure we nave 
just considered is projected on a plane it 
the form : 



This figure, by simply twisting the central rod, 
is converted into 



and if the central rod be now elongated we 
get: 

H(0 



This symbol, whioli has been a favourite 
with some chemists, must, of course, be aban- 
doned along with tho solid figuro from which it 
is derived ; but it is also very easy to see that 1 ; 2 
and 1:4 di- derivatives, are identical, since if 
we pick up tho carbon atom (4) and place it 
upon (2), and then take up (2) and place it 
where ( 4 ) was, supposing all the while that the 
connections, which we may imagine to bo elastic, 
are not broken, the figure will be wholly un- 
altered. , 

There remains one other benzene formula : 
it is obtained by joining the ends of the three 
rods placed vertically by six strings as before, 
but with this difference, that whereas in the 
I previous formula tho top of one rod is joined to 
! tho bottom of the others, in tliis formula the 
I top of each rod is joined with the top of each ol 
I the others, and the bottom of each rod is joined 
I with the bottom of each of the others. Wt 
thus obtein a right-angled prism on a triangular 
base. This formul^ defended by Lodenburg 
{Thecfrieder atxmiaHschen Verbindung^,BnmB- 
wick, 1876 ), is capable of explaining most Of the 
reactions of benzene, and the objeoti<ma that, 
have been brouaht affainat U 



mmpt 
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OHC' 


If the upper triangle be rotated through 180®, 
and then the figure be projected upon a liori- 
lontai plane, we obtain a figure which reaemblcs 

aetar; 

»HC CH® 

H**’ 

The two former figures are not symmetrical, 
but the latter is clearly eo, and it has this 
advantage over the prism formula, that, if the 
atoms of carbon are numlwrcd consecutively, 
tfiey correspond to the atoms of carbon in 
Kekuli's formula, also numbered consecutively; 
whereas this would not be the case with the 
second of the three formula) here given, which is 
that used by Ladenburg. 

For most purposes it will not be nccesRary 
to decide which formula we adopt, for both tho 
star-formula and tho formula of Kckuld : 




fHHcll 



may be represented by tlie simple hexagon : 

bH SH» 



The ntunbering of the carbon atoms here given 
ia used tbroughont this dictionary. Thus, the 
aipression C^H^Bri [1:5] must be taken to 
mean that one bromine atom has displaced the 
b/dmgen atom numbered (1) and the other the 
lildxogen atom numbered (5). 

. Phyaioists have tried to decide between the 
Igsmaui of Keknld and Ladenbtug. Thomsen 


(Mk Ml. ue «oairi£n M 

awdatl atow LMuban'i tonnal*, bdt 

the asBomntione he makes in the oonise of hie 
argument lead him in other eases to impossible 
collusions. The specific volume of benzene 
is li%; whereas that calculated on the assumption 
thar tho S.V. ol C»ll, and that of H*6*5 is 
09: this would morely sliow that the relation 
lictwcon tho carbon atoms in the bon zone mole* 
culo is different from that iu saturated paraffins. 
If we compare the spociiic volumes of hexane, 
diallyl, and benzene, we find that : 

Hexane, C,H„ has a S.V. UO O 
Diallyl. „ „ Dif)-? 

Benzene, (5,11, „ „ 95-9. 

We see that the dilToronce between the first and 
second (14*3) is less than that Ix'lwoen the 
second and third (29 and that when hexane 
is convertt'd into henzono by the removal of 
811 tho B.V. is lowered by 8 v fi'S, while the 
removal of 41i, in converting hexune into diallyl, 
lowers S.V. by only 4 x 3 fi. That is to say the 
want of eaturation of diallyl is ncoumpanied by 
an unusually large specilio volume, whereas this 
is not observed in the case of benzene. This 
would indicate tliat benzene is not unsaturated 
in tho ordinary sense, and can bo uscil as an 
argument in favour of Ludenburg's formula for 
Irenzeue (Lossen, A. 214, 129 ; It. Schiff, A. 220, 
303). 

On tho other hand, tho B.V, of hexahydro- 
tolucne (Ml’8) differs from that of toluene (118) 
by 23 H. This is about throe ti)nr*s the difference 
(7-2) between the B.V. of pimtano (117*2) and 
ainyleno (HO), lienee it would app<-ar that the 
change in the state of saturation in passing 
from hcxaliydro '• 'ueno to toluene is of a 
similar char^-'ler to the change in passing from 
pentane to amylene; tho removal of llj in both 
cases produdfhg a diminution of hetweeii 7 and 
8 units in tho S.V, This suiiports K«kul6’s 
formula for benzene (Lossen, A. 22.7, 119; 
llorstmnnn, li. 20, 700). 

Tho re^racli^o power of benzene is about 
equal to that calculated on tho assumption that 
Kekul6’s formula is correct, provided that cor* 
tain assumptions arc made regarding the con- 
nection between tho refructivo powers of com* 
pound molocuIoB and the refractive powers of 
tho conKtituent atoms (Briihl, A. 200, 228; 
KanonnikolT, J. It. 473). 

Passing from physical to chemical consider- 
ations, wo note first that tho behaviour of 
benzene towards halogens is, on tho whole, 
more like that of a saturated bhan an unsatu- 
rnled compound. The following sjiecial argu- 
ments have also been employed. Sodium acting 
UfHin succinic ether gives succinyl-suocinio ether, 
which loses U, on or iation, changing to di-oxy* 
icrephthalic ether. Tho formula of sucoinyt- 
succinic ether may 1>e written in one of tot 
following ways : 

(I.) CO^t.CII.Cf).CII, 

CH.,.CO.CH.CO,EI 
(II.) COi,Et.CIl.C(OH):CU 

CJH,.C(OH):i.CO,EI 
(HI.) CO,Et.CH.C(OH):CH 
I I 

CH:C(OH).CH.CO;Bt 




(j^0(0H}i.00,L, 

(T.) 00,Bt.CH.o6-CH, 

CO^Et.CII.CO . CH,. 

ff fha first correctly represents succinyl-suoi 
ether, it must bo supposed to chango into (II.), 

g ll.), or (IV.) during the oxidation. The third 
rmula would naturally lead to the formula 
^C(OH)«CH, 


f. 

ucc nio 


00,Et.Ct 




\OH-C(OH)/ 


Nc.COjEt and therefore 


to the benzene formula HO^ 


.CH-CH 


I'SCH 

\CH=CH/ 
proposed by Wislicenus, a formula which would 
indicate the existence of two chloro-bonzenes. 
The second formula 

>C.CO.Et, would give 

CO,Et.C<.C(«“HyC“>C.CO,Et on oxidation, 

a formula based upon Kekul6’B ring. The fourth 
formula, like the third, loads to the benzene 
ring of Wislicenus. The fifth formula would 
lead to Kekul^’s or Wislicenus* ring, but with 
the carboxyls in the orf/m* position, whereas in 
terophtliolio acid they are in the jjam- position. 
Ladonburg's formula fordioxy-terephthalicacidis 
CH Cil 


co^t.o/|- 


-Nc.CO^jEt, the forma- 
^d(OH)-C(OH)/ 
tion of which from formuho I., II., III. or IV. 
requires the improbable assumption of a wander- 
ing of hydroxyl such as takes place when salicylio 
acid changes to |7-oxy-beufilrtb« acid. Lnden- 
burg’s formula can be derived ftor^V, but only 
by assuming a rearrangement of thyinsatu rated 
unions. * 

By the action of sodium upon malonio ether 
a tricarboxylic ether, 

CO,Et 

I 

CII 

/ \ 

, is formed. This 

COjEt.CH CH.COjEt 

\co/ ■ 

is found to bo phlorogluoin tri-oarboxylio ether, 
C0,Et 

HO^ ^ 0(0H), and this undoubtedly 
CO,£t.O G.CO,Ei 

favours Kekul^’s hypothesis, especially when it 
la remembered that phlorogluoin, 

C(OII) forms a tri-oxim C(NOH) 

/ \ / \ 

CH CH H,0 CH, 

ii(qu) C(OB) (EOK)d <l(NOH) 


derivatives, the eonstltiitioa of beniM itaalf 
still remains unsettled. 

Beceni discussions on (he Bemme formiUh^ 
Ladenburg, B. 19, 971; 20, 62; Baoyer, A 
19, 1797 ; A. K. Miller, C. J. 61, 208; Thomaen, 
B. 19, 2944 ; Claus, B. 20, 1422. 


Orientation. 

Benzene gives rise to only one mono- substi* 
tution product. It gives three di- substitution 
products, and those, assuming either KekoU'g or 
Ladonburg's formula, are named as follows : 


1,2 - 

1, 6 

is called ortho. 

1,3 =. 

1,6 

„ „ meta. 

1.4 


„ „ para. 


When we come to tri- substitution products 
we must distinguish several cases. — 1. Com- 
pounds of the fonnula G«H,Aa, that is 'to say, 
where the three substituting elements or radicles 
are all alike. There are three such compoundt . 
1, 2, 3 is called consecutive, 

1, 3, 5 „ „ symmetrical. 

1, 2 , 4 „ „ irreg^ilar. 

2. Compounds of the formula C,.HsAB,. Thoro 
are six such compounds. — 3. There are ten 
compounds of the formula C^HjABC. 

In the case of tetra- derivatives of benzene : 

1. There are three compounds of the formula 
C,H^,: 

1, 2, 3, 4 is called consecutive. 

1, 2, 4, 6 „ „ symmetrical. 

1, 2, 3, 5 „ „ irregular. 

2. There are seven compounds of the formula 
CaHmAB,.— 3. There arc thirteen compounds of 
the formula CgHsAj^B.^.— 4. There are sixteen 
compounds of the formula 0,11,^130,. — 6, There 
are thirty compounds of the formula 0 

There is only one penta- derivative of the 
formula C,,HAj, and only one compound of the 
formula C„A«» 

The next question is how to determine, in 
a given case, the position of substituting radicles 
in the benzene ring. In isolated oases it is 
frequently found tliat this may be settled by 
special considerations, but tlie only gencnil 
method known is that which was thoroughly 
worked out, by KekuU’s pupil Kiirner, in a 
most laborious research, in the course of which 
he discovered no loss than 126 new compounds 
{0. 4, 306). This re&earoli has done more than 
anything else towards establishing the ling for- 
mula tor benzene. 

Suppose we convert C^HiBr, into C,H,Br, ; 
by reference to a figiire it will be found that wa 
can introduce a brohiine atom in place of an 
atom of hydrogen in orfho-dibromobenzene In 
such a way as to produce either a oonseoutlvo 
or an i/rcgular tribromobenzene, but not so at 
to produce a symmetrical product. 

ITcfa-dibromobenzene can give rise to 00li«: 
seontive, irregular, or symmetrical, tribromo- 
benzene, while para-dibromobenzene can CNBdjf 
give rise to an irregular tribromobenzene. . 

An unknown dibromobonzene is thardBo^ 
para-, ortho- or meta-, according as we can fdi 
one, two, or three tribromobenzenes by tnaitni|: 
it with bromine. Thus the dibromobiltpM^ 
from dibromoaniline gives rise to threa trili^ii''^r 



m «lui^ pmtfMl of «ho ootioa of Ito 
iiioWgo w i flf bromino upon benieno givet rbo 
to obIj ono tribromobentene on farther treat- 
liiMIt with bromine; hence this product is 
piro*dibromobenzene. On the other hand, the 
minor product of the dibroniination of benzene 
^tes rise to two, and only two, tribromo- 
beiutenes; therefore it isortho-dibromobonzene. 

In order to invesli^'ate the constitution of a 
given tribromolwnzene, two methods may be 
followed : either introduce another atom of 
bromine in placo of hydrogen and see liow many 
tetrabromobenzcnes result, or displace an atom 
of bromine by hydrogt-ri and carefully oxamiuo 
how many dibroinobenzenes are fonuod. It can 
easily be seen by reference to the formula that 
consooutivo tribromobenzene produces two di- 
bromobenzcncsand also two telrabromobenzciies, 
while Bymmctrioal tribroinobenzeno produces 
one dibromo- and one tetrabroino- benz< iie, and 
ii^ular tribroinobenzeno gives rise to all three 
dibromubcnzoncB and all threo tetrabronio- 
benzenes. 

The following are the melting and boiling 
points of the bodies described : 

Dibroniobinzen^a. 

Ortho. . . . [-1®](224®) 

Meta .... liquid (220^^) 

Para .... [«<)'' J (21U‘’) 

Tribroniobcmvucs. 

Consecutive . . [ b7®] 

Symmetrical . . [120'^) {27ft'") 

Irregular . . . [ 44®] (270®) 

Tetra broinobcnxews. 

Consecutive (1, 2, 3, 4) 

Symmetrical (1, 2, <1, G) [137-’-H0®] 
Irregular (1, 2, 3, 5) am. [ (329) 

It will bo observed that the iKomeridcs differ 
widely in melting-points, but very slightly in 
boiling-points, and this is usually tlm case 
where isonn’rism is due to difference of position 
of substituents in the benzene nucleus. 

The orientation of any given benzene dcriva* 
tive must bo debjrniincd cither by preparing it 
from one of the three bromob<!nzenes, or else by 
preparing a bromobenzeno from it. i 

Examples, 

Para-dibromobenzene when treated with 
■odium and methyl iodide gives a dimethyl- 
benzene or xylene: 2CfIj.I ^ 4Na 

2NaI + 2NaDr + C,H,(CH,)j. Ijy oxidation this is 
eonverted first into Uduicacid, C,,li,(Cl{dCOd{, 
and next into tercphthalic acid, CJ1,{C()_H|.. 
It is therefore evident that the xylene, the tolui'c 
acid, and terephthalic acid, arc all /^ra coin- 
TOunds. Also since a certain bromotoludhe. 
OgH(Br(CHJ, when treated with sodium and ! 
methyl iodide gives the above jpara-xylenc, it | 
moit be the Mra-broxnotoluene, and the bromo- ' 
benzoic acid derived from it by oxidation— 
C*H;BrCH, + 0, » C.H,Br.CO,H + H,0-mu8t be 
poro-bromobenzoic acid. 

As another example we may take the ortho- 
leries. A certain bromoaniline, CJlfBr.NH^ is 
ICliown to be ortho- because when the amidogsn 
fe. displaced by bromine the product is ortho- 
JlhWobensene. Kow, this orf/u)- bromoonilina 


vithdi miS^ to ^ didMk 
jnaoUoB from a aitroaniliiii OA(NH,)(NO|)L 
; and this may to got by acting on a nitroMiiiOl 
: 0„II<(OCHJ(NOJ by ammoma* and this nitro- 
’ atikol may bo obtained from a nitrophenol 
C„W.{^lli)(NO.), and this nitrophenol may ba 
; its«’lf reduced loan amidophenol U,H,(OU)(NH,), 
i and this amidoi»henol may bo convcrloil by 
diazo- reaction into a chlon>plicnoI C^ll^OlljCh 
ami this chUtrophonol may bo converioil by 
cautious fusion with potii.^h into a dioxybenzetlo 
0^.11,(011)^ All the compounds here enumcratad^* 
, are clearly ortho- compounds, and as the dioxy- 
btuizcne is found In bo i>yrocatechiit, we liavo 
: proved that pyrocatechin is ortho-dioxybonzenc. 

{ In the jKita- stories we may truce, in the same 
; way, the connection between ;.' dil>r»Miioboni- 
cno and /)-nitroanisol C,HdOClI,)NO.. Thence 
! wo proceed by the following steps : n‘duoe 
, to CJ1,((.)CI1,)(NJI.), convert this into 
C,H,(OtTl,)tUlJ) by nitrous acid, and treat with 
I hydrio iodide. In this way wo get a second 
; dioxylienzcue, whicli is found t<j bo hydro- 
[ yuimne^ and tliis body is therefore a 
compound. Thu remaining dioxybenzene is 
resorcin^ which must be tlie meta- compound. 

The rules governing substitution in tlio Ininz- 
cne moleculo are discusst'd in tJie article Ano. 
MATic 8 i:kiks. Derivatives of benzeiio are de- 
scribed, as ANii.rNK, Phenol, Dromo-. Dromo- 
NITKO-, ClILOno., CHL«>RO-NITRO-, lOLO-, MKT)lYt.»l, 
Nitiio., Oxy- henzk.ne, etc. 

BhNZENE HEXABROMIDE C,«,Br,. 
Bromine is dropped into boiling iMmzcnooxjmsed 
to direct sunlight ; the hexabromide cryKtulUsea 
out on cooling; it is separated from Iri-bromo- 
benzene by subiioiation, and finally crystallised 
from a nixturo of alcohol and bonzena 
(Mitscherliph, 1\ 33, 374 ; Meunier, ii.f 101, 
S'Zft ; A. Oh. [f)J 10, 209). Prisms, isomorphous 
*vith the (tt).hexachlorido; not attacked hyHNO* 
or II aSO,. Alcoholic KOll splits it up into MBr 
and u-tri-bromo-boiiztme. If the product of the 
action of ZriKt* U|)on btmzeno hexabromide 
di.sKolvcd ill bonzeiio be oxidised with ohromio- 
jiiixturo, benzoic, isophthalic, Icrcjihthalio, and 
di broDiobcnzoio acids are formed (Ador a. 
liilliet, JJl [2] 24, 4ft5). 

BENZENE CARBOXYLIC ACIDS v, Benzoio, 
PiiTiiALic, IWmkllitic, TW-mesic, ifmni- 
UKI.LITIC, pRimNirrc, PyuOMKI.LITIC, MELI.OPlIAlim* 
and Mkllitic acioh. 

Benzene penta-earboxylio acid G,,HgO,« Lib 
CJl(CO,ll)i. Formetl by oxidation of pent*- . 
methyl beincne (Priedel a. CrufiM, A. Ch. fOJ - i 
J, 474). Amorplious (containing Gaq). Tit# : 
K salt forms Binail deJiqueB<;ctit prisms; tba 
salts of Ag, Pb, Ba, Fe, Cu, and A1 form 
insoluble pps. 

BENZENE (a).HEXACHLORID£ 0,IL0L 

Mol. w. 291. [167 J. S.G. 1-87. Prepared by ' 
chlorinating benzene in direct sunlight (Fankhty* 

A. CK [2] 80, 276; Mitscherlich, P. 36, 370; 
Lesimple, Jbl [2] 6, 101); 360 g. may to fot ; 
from 000 g. benzene (Leeds a. Everhart, 

2, 205). It may be freed from 0,^1101. t 
C*H,C1, by treatment with H^SO, or 
(Meunier, A. Ch, [G] 10, 223). MoDoelhilo ^ 
crystals; may be sublimed. At 288® it boQ% '[ 
■pliiting up into UCl and (1, 2, 4}-tri'ehlol#*’ v 








Imkhus* 1%f HiiMM' 

kr>M*tla(irl«h«l4idiaiid KC— . . , ^ 

Beaetioni.—h Bine redncM il, in ftlooholio 
•olaiion, to banzene (Zinin, 2. 1871, 284).— 
2. Fuming nitric acid naa no action. — 3. Silver 
acetate forma cryatallinn CrtHjCI,(OAo),CJlaCU 
Banzeno (/Jj-hexaehlorida C,HuCl,. 

V.D. 0 ‘J8. Formed at the aame time as the (St)- 
oompound ; when the mixture is aublimed, the 
(8)- coni{)Ound aublimea last. If the mixture 
(4 pta.) be boiled with KCN (.‘t pts.) and alcohol, 
the (8)' compound ifl«left wliile the (a)- compound 
ia decompoM<‘<l. Uegular octahedra, cubes, tetra* 
hedra, or tetrakis-hdrahedra. Alcoholic potash 
splits it up into HCl and (I, 2, 4)-tri-chloro. 
ben/eno, but more slowly than the (a)-cornpound 
(J. Mfumier, It. t)8, 430; 100, 358). 

BENZEBE.HYDRAZIMIDO- v. pp. .300. 370. 
BENZENE . PHENYL . HYDRAZIMIDO . 
NAPHTHALENE v. nmzene^Kza-phe7iyl-(0)- 
naphthjflamine. 

BENZENE- PYROOALLOLFHTHALElN v. 

Tri - OXY - TUI - PIIKNTL - CAIlllINOL - CAHUOXYUO 
ANUYDlirUK. 

BENZENE-THI.QTJINONE C,0,4aq. So- 
called ‘ ojen carboxylic aciil ’ of Loreh. [c. 95‘^]. 

Fortnaium.- 1. liy the action of UNO, upon 
the hydrochlorideof tetra-oxydi-amido-beuzcne; 
the yield is Od p.c. — 2. Hy the action of UNO, 
upon di-iniid()-(li*oxy-quinorieO.,(NIl),{OH)d),. — 

8. By oxidation of hexa-oxy-beiiiseno 0„(OH)„. 
Properties. — Colourless microscopic needles. 

Nearly insoluble in cold water, alcohol, and ether. 

lieactions. Jly reducing agents it is con- 
verted flucci'ftsively into di-oxy-bcnzcnc-di- 
•luinono C„(()1I )..(>„ totra-oxy-benzono quinono 
C,(0H)^0„ and" finally hoxa oxy-benzono 
C,(011)„. On lu'ating to 100’ or on boiling 
with water it evolves CO, and yiol«k croconio 
acid OjyH.jOj (Nietzki a. Bcnckiscr, li.lS, 504). 
BENZENE RESORCIN PHTHALEIN u. /)f- 

OXT • TUtl'HK.NYL - CAUHINOL • CAIlUOXYLtC AK- 

titnmiu . 

BENZENE . SULPH . AMIBO - ANILIDE u. 
Binzenk-soliuionic acid. 

BENZENE - SULPH - AMIDO - TOLUIDE v. 
BBHZKNK-srUUIONIO ACIP. 

BENZENE BULPHINIC ACID C.H.SO, i.e, 
0^80,11. [84'’). 

Fonnatuvi . — 1. By adding zinc-dust to a 
cooled alcoholic solution of the chlori<lo of 
benzene 8ul|)honic acid; the Tesulting zinc salt 
is very slightly soluble in water; it is treated 
with Na,CO, ; the filtrate is concentrated and 
the acid ppd. by IlCl (Stdiillor a. Otto, B. 

9, 1584).— 2. Ner.i.A the nhonyl-hydrazido of 
benzene sulphonic acid 11iS();N,H,I’li, called 
also di-phenyl-sulphazidc, by boiling with 
baryta-water (Limpricht, B. 20, 12.30).— 3. By 
passing SO, into a warm mixture of benzene 
and Al.Cl^ (Friedel a. Crafts, (7. H. 8<5, 1,308 ; 
Adrianowskv, B. 12, 853).— 4. By the action of 
ZnEt, on t\H,SO.Cl (Kalle, A. 119, 156).~ 
6, From C,H,SO,Cl and Pb(SEl)„ thus: 

21*luSC),Cl + 2Pb{SEt),» 
(phso,),^b+PbCl.,-^sF;^ 

(Schiller a. Otto, B. 0, 163C). — 6. From diphenyl 
msulphido nnd alcohol potash: 2Ph.,S, + 4KOII 
•PhSOjK -f 3PhSK ^ 2H,0 (S. a. O.). 

Ptopertits.— hong ra<liating prisms. SI. sol. 
wU, t, sol. hot, water; v. sol. alcohol and 


cfUimi I8i4i la U 

Neoompoiu.' ^ 

Beiaetian$.^h Water At 18(P gives beoseoa 
salphonio acid and phenyl benzene •thiosol* 
phonate (Otto, A. 145, 817) ; the same reaeUon 
takes place slowly in the cold, especially in pre* 
Bcnce of HCl (Pauly a. Otto, B. 10, 2181).— 
2. Ethyl mercaptan at 100° gives di-ethyl di- 
sulphide and phenyl-ethyl di-sulphide (Otto a. 
Bossing, B. 19, 3130). -3. Phosphorus penta- 
chloride reacts thus: PliSO.,H PCI, 

= PCI, + HCl + PhSO,Cl. — 4. Potash fusion 
gives benzene and K^SO,. — 5. Sodium chloro- 
! acetate, gives phenyl - sulphonyl - acetic acid, 

■ Ph..SO,.Clf,.CO,H.— 0. Sodium di-chloro-acetate 
gives phenyl chloro - methyl sulphone 

I l*h..SO.,.Cil,Cl. — 7. Methylene iodide reacts 
i thus: CH,I,-hPh.SO,Na = NaI + Ph.SO,.CHJ.— 

! 8. Sodium aa-di -chloro -propionate acting upon 
' sodium benzene sulphinato gives di-phenyl 
I ethylene di-sulphono, Ph.SO,j.C,II,.SO,.Ph.— 

■ 9. Phenyl-hydrazine in presence of cone. 
IIClAij forms phenyl Bbnzcne-thiosulphonate 

I and tlio phenyl hydrazide of benzene sulphonic 
I acid (7. u.).~10. When H,80, is added to a 

■ solution of P}i.8(),Na and NO.Na a pp. is got 
I which may be crystallised from alcoha^ It 

I is perhaps (PhS()„),NOIl. It is si. sol. coKF 
! wetor, CS, or ligroin, but v. sol. alcohol and 
ether. At 100 ^ it evolves nitrous acid gas. 
Boiling water, alkalis, or acids, deconiposo it 
into PhSOjH and nitrous acid (Konigs, B.' 
11, 015).— 11. Fuming nitric acid forms 
' C,JI,,NS,0, which may bo (Pl».HO,),NO. It 
’ forms crystals, [9B-5°J, insol. alkalis, si. sol. 
alcohol, m. sol. benzene (Otto a. Gruber, /I, 
141, 370; Konigs, B. 11,01.5, 15!>0). 

Salts. - BaA',: clumps.— >^n.V, : tablets, si. 
sol. alcohol and ether, si. sol. water (Kallo).— 
ZnA'...2a(j: insol. cold water (S. a. 0.). — AgA'. 
Ethyl ether EtA'. - Formed by moans of 
j Eton and IlCl, or, together with CO., by heat- 
ing Ph.SO,Na with Cl.CO.Kt. Non-volatilo oil. 
KMnO, in acetic acid solution oxidises it to 
Ph.SOjEt (Otto a. Bossing, B. 18, 2495 ; 19, 
1225). 

I Benzene di-sulphinic acid C,H,(SO.,II), [1:3]. 

■ From [1:3] C„II,(SO.CI)„ and zinc-dust (Pauly, 

! B. 9, 1595). Oil.-BttA". 

’ BENZENE-SULFH-NITR-ANILIDE v. Benz- 

^ KNE-8Ur.PHONIC AGIO. 

BENZENE SULPHONE v. Di-piienyl-sul- 

•PHONK. 

i BENZENE SULPHONIC ACID C,H..SO, i.e. 
C^IIi.SOjH. Phenyl-sulphurous acid. Sul2)hO‘ 
benzolic acid. [42‘’j. 

’ Fonmition.—l. From benzene and fuming 
i HjSO^ (Mitscherlioh, .P. 31, 283, 034 ; Sten- 
; house, Pr. 14, 351 ; Wurtz, C. It. 04, 749).-;- 
2. Ily the oxidation of benzene .sul]>hinio acid 
: (Otto a. Ostrop, A. 141, 309). —3. By the oxida- 
j tion of phenyl mercaptan: PhSH + O, =* PhSO,H 
i (Vogt, A. 119, 151). -4. By boiling p-diazo- 
1 benzene sulphonic acid with alcohol under 
I pressure (B. Schmitt, A. 120, 129).— 5. Together 
with phenyl benzene-thiosulphonate by heatiM 
benzene aulphinic acid with water at 180* 
(Otto, A. 145, 817) : 

I 8Ph.SO,H - PhSO,Il + Ph.SO^SPh + H,0. 

1 Preparation. — Benzene (2 pts.) is ahakaa 
I with fuming H^SO^ (3 pta.) with gentle vrana* 



fwtrfUcI from snaioiolfiia 
beiueiM, dflutod, and neatmliwd with BaCO, 
or Ml carbonate. In the filtrate the Ba, or 
Pb. salt is decomposed by H^O. or re- 
spectively. 

Properfiej.-Small, fonr-sidod. deliquescent ! 
plates (containing IJaq). ' 

Reactions,—!. By fusion with potash, soda, 
or a mixture of tiio two, it is converted into 
phenol. The percentage of phenol obtained in* 
creases with tl»o amount of alkali and with tho 
temperature of the fusion. Tho percentage of 
phenol is given in this table; one e<iuivalent of 
acid being used : 


PoiMi 

AotfoB of KA 4 on a tali of benasoii 1 
acid {Gorhardt a. (fiianocl» C. B. 85, 690)^ or by 
musing chlorine frito an aqneoas soluUon ol 
PhSOgH (Otto a. Os^op). Oil ; v, sol. alcohol and 
Ither. Slowly solidifies at 0^ forming Urge 
Aomhic crystals. May be distilled in vacuo, but 
18 much decomposed on l>oiling under atmospheric 
pressure. Hardly attacked by water. 

/iVacfitnwr. -'l. Tin imd flCl form phenyl 
mercaptan. — 2. /itodium attuiUjtnn or /nKt,i forms 
a benzene sulphinate. - If. TCI, at 210 ' gives 
C„H,C1. phosphorus oxychloride, and SO, Cl, 
(Kokul6 a. Ihirhaglia. H. r),S7<5). 4. l*hO, gives 
at 180=- PhSO, and C„H,C1 (Wallaeh, A, 214, 
210 ). -5. iViemjf (1 mol.) and zjiic-dust gives 
rh.SOJ'h; phenol mol.) and ZnCL gives 
Pl».80.„CJI,.0.80,.rh (?) (12,‘P’) (Schiaparelli, 
O. 11, 00). 

liromide Ph.SO.Br. Prom PhSO.II and 
Hr (Otto, d. 141, 372)“ Oil. 

Amide Ph.SO.NIl^. Jinuene sulpJiamiiis, 
Rcmnte sulidiountnid/. [150 ’J (Hybhencth, d. 
221, 200). 8 . ‘43 at 10°. Pormod by the action 
^*H)i on the chloride or bromidn (Otto a. 

' 1-5. 401).- 2. Tho potas.slum , Ostrop, A. 141, 30;**), or, in stnali quantities, by 

Balt distilled with KCN or K,FeCy, gives benzo* '• i'*^****!.. - •** ‘ '* * 

nitrile (Merz, [2’ 5, 3:}). 3. /)n/' 

gives 11.^80,, benzene, SO,, and di ^ 
phono.— -4. JJ/y distilhitian of Oic ammonium 

sa/f gives benzene and FJiiall quantities of ben- gives a pp. of Ph.80..NHAg. 
zene sulnbnuiidc. dinhonvi. di.iihf>nv1 aiilnOmi*. snniil*. irir*..* fu. V'l'i nru n 
phenyl 
(E ■ 
tilled 

Am. if, iMslillalioii of the Na salt gives i ((terhurdt a. Chancel, C. /C .35, bill); (Jefhardt 

di-phenyl sulpliide.di-plienyl di-sulphide, phenyl • a. Chio/.za, A. Ch. (3) 47, 1211). 
mercaptan, CO, , and SO, (Stenliouse).— 7. A mix- | /^enzo//f drrteafire Ph. 80,8118/. (147®), 
ture of H, SO, and water boiling at 175° converts > I-Vom h«, -.zene snljdmnamide and H/.Clat 146® 
it into benzene and Il^SO, (Annstrong, C. J. 45, | (Oerhanh. A. 108, 214 ; Wallaeh, A. 214, 210). 
161).— 8. E’usion with potassium formate gives i Priama (from alcoliol). Salt. PhSO.NNaBz, 
potassium benzoate. | Silky needles (from alcohol). J(mcUons.—l. 

Salts fPreund, A. 120, 76; K alio, *4. 119, i 1*01^ gives tlio imido-chloride I’h.SO.,.N:CCl.Ph 
ICl). llaA aq ; pearly plates, si. sol. alcohol. • This forms triclinic plates (from bonzo* 

— CuA'jbaq: largo blue tables, sol. alcohol. — ‘ * ' * - _ - . - 

AgA'Saq: tables.— ZnA';,6aq : six-sided tables. 

Methyl ether MoM. S.G. ^ 1’27. Formed 


KOH 

NiiOII 

TfiniK'riituro 

riiinol 

2 

— 

253° 

23 

8 

— 

210° 

7 

8 

— 

267° 

79 

— 

3 

209® 

1 

— 

3 

280° 

26 

8 

3 

211° 

2 

3 

3 

277° 

39 

3 

8 

360° 

64 

7 

— 

2.52° 

96 


, gives benzo- j heating tho ammonium salt at 200 ’ (Stonhoiisc, 
y distillatum I /V. 11, 351). Neodloa (from water) or plates 
li-plienyl-sul* : (from alcolud). V. al. sol. water, sol. hot NH,Aq, 


. sol. alcoliol and ether. 


Ammon iaeal AgNO* 
Will) PCI, the 



line) a:6:csr -862:1:?, o« 87 ^ .59', 3 04° 3P, ym 
bS° *2i\ When this imido-chlurido is healed 
it splits up into benzonitriJo and benzene 


by action of NaOMe upon Ph.SOaCl in ether (U. j aulpho - chloride (Wallacli a. Go.aamann, A, 
Iluhner, A. 223, 2.35). Oil. . 214, 210). Aniline converts tho imido-chlor* 

hthyl ether EtA'. 8.0.1^1-22. From : ide into phenyl-sulphonyl-phcnyl-benzainidinc 
NaOEt and IMiSOXl in ether. Formed also by | (PhSO,N):C(NHKlI).J’h.— 2. The Pb and Ag de* 
I.’. i, .r. .«..rv ' rival ives are converted by Rtl at 100° into the 
original amide (llern.sen a. Palmer, Am. 8, 235), 
/> t - 6 <T n « o y f <i e r t T) n / i r e P h SO,^N ljz,.[106®l, 
. , , Metkylamide Ph.SfVNnMc. An oU, 
Phenyl ether PhA'. [.S5°J. Formed by i fonned by treating the chloride with a/iuoooc 
acting upon Pli.SO^Cl dissolved in benzene with . methylamine (Horn burgh. It. 3, 16). 
sodium-phenol. Formed also by action of zinc- : Methyl -nilr t. amide Ph.KO,.NMe(NOA. 

dust on a mixture of phenol and PhSQ.Cl. I [44°J. From the preceding and UNO, (S.G. l*4i 
Trimetric crystahs, a:6:c» •08^47:1: *8576. V.wl. I Ei' — “ 


oxidising PhSO Et(Otto a. KO-ssing, It. 19, 1225) 
Oil, miscible with alcohol, ether, and benzene. 
Saponified by boiling water. 

Propyl ether PrA'. S.G. II 1179 (If.). 
PhA'. 


benzene, ether, and alcohol, insol. water. 
Slowly saponified by boiling aqueous KOH; 
alcoholic Nil, even at 200° does not afTect it. 
On nitration it gives the nitro-phenyl ether, and 
also a tri-nitro- derivative [116°] (.Schiaparelli, 
0. 11, 66 ; B. Otto, I). 19, 1832). 

p^Ni tro.phenyl ether C.n,.SO,.C,H,(NO,). 
182°]. Formed by nitrating the preceding; or 
from p-nitro-phenol, ZnCl„ and PhSOjCi (Sohia* 
pd^lfi, Q. 11, 70). SI. sol cold alcohol. 

Clslcride Ph.SO.Gl,— tulnhaeklo. 


Ethylamide Pb.SO^.NEtIl. (68°). Prom 
the chloride and NEtH, (Itomburgh, /?. 8, 18). 

Ethyl-nitro-amide Ph.HO,.NEt(N6j, 
[44®]. Formed by tho action of UNO, on tmi 
preceding or on tho succeeding corapomid. 
Needles (from alcohol) ; volatile with steam. 
Di-methylamide. C.Hi.SOjNMe,. [48®], 
Di-ethylamide Ph.SO,.NEt,. [42°], 
Anilide Ph.SO^NHPh, [102®] (WalM, 
A. 214,221). 8. 4-3 at 16®. From the chloridi 
and aniline (Bifii, A. 91, 107 ; Gericka, A, 100. 
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and jp-toluidine 


fma tli^ppe^og udA .. 

•ed jMiloco-ftnilmo (W«UA^|bL ft. HqUi» B, 9, 

*^i‘-Wilro-anilide Ph.SOj.NH.CA(NOJ 




From o-nitro*aniline and PliSOj 
A. 221. Ifi; B. 16, 691). Ycliof 
^tes, sol. alcohol, glacial HOAc, and CHCl,. 

m-Nitro-anilide l'h.SO,.NlI.C,H,(iNO,) 
[1;8J. [132 ^J. From m-nitro-aniline andPhSO^Cl. 
Flat yellow needles (^i.). 

p-Nitro. anilide Ph.SO,.NH.O,H,(NO,) 
[1:4]. [139®]. From p-nitro-aniliiio and 

Ph.SO;,Cl. Yellow crystals. 

o>Ainido.anilide Ph.S(),.N H.C..H,(NII,) 
[1:2]. [168°]. From the o-nitro-anilide by tin 
and IICI (L.). Mecidlea (from 60 p.c. alcohol). 
V. sol. alcohol, b 1. sol. ligroin. - li'HCl. 

* p-Tohiide rh.SO,.NILOJI,Mo [1:4]. 
fl20°]. From the chloride 
(Wallach a. Huth, Ji. 9, 427). 

m - Nitro-p- toluide 
Ph.SO,.NlI.C,Il,Me(N(),) [1:4;.3]. [99°]. From 
the preceding by nitration; or from Ph.SO.^Cl 
and nitro-p-toluidino (Lollmann, A. 221, 18). 
Cubes (from alcohol). Not attacked by alco- 
holic KOH. 

Di-n%tro-p-lolnide 

Pli.SO,,NlI.C„H,Me(NO,),. [178°]. Formed by 
nitration of the p toluidc. Yellow prisms, si. 
aol. cold alcohol (Lellmann, li. 16, 695). Not 
attacked by alcoholic KOI I. 
m‘AviidO‘p- toluide 

Ph.SO,.Nli.C,.lI,Me(Niy [1:4:3]. (146-6°]. From 
the nitro- compound bv tin and IICI. Colourless 
neoilles (from dilute alcohol) ; si. sol. water. 

di^phentjl^amide Ph.SO.NPh.^. [124°]. 
From PhHOXl and NllPh,, at‘2()0° fWallach, 
A. 214, 220). Silk dike needles (from^lcohol). 
hoi. alcohol, ether, or benzene, insA. water. 
Cone. II..SO4 forms a blue solution, Insol. 
HOlAq. 

Phenyl-hydraeide C„H,,N,0,S *.«. 

Ph.SOj.NJld’h. Phenyl-hmzene-sidpluieide, 
IH-phenyl snlphazide. [148°-160°]. Forma- 
<ton.— 1. lly the action of SO, upon diazo-bon- 
ftene (Kamigs, B. 10, 1631 ; Wiesinger, B. 10, 
1716).— 2. From benzene sulphonio chloride and 

« • hydrazine (Fischer. A, 190, 132).— 3. I 
)cnzen«.8u!phinic acid {q. v.) and phenyl- 

hydrazine hydrochloride (Escapes, B, IS, 893). 

4. Py reduction of C.Il,.N,.SO,,.C,H, with zino- 
dust and acetic acid. iYcyxrrafion,— Aniline is 
dissolved in alcohol saturated with SO,; the 
Solution is co(4M.*k4i|.ow 0° and a cono. solution 
pi about double the theoretiftil -uantity of KNO, 
is slowly added ; aft»>r standing for 24-36 hours 
JLl? vfttcr ; the yield is 80 p.o. 

jftwsrftcs. - White felted needles (from alcohol). 
With NaOKt it gives a very unstable crystalline 
wdluni compound C,,H„NaN,SO,. Reaction,— 
By boiling with aqueous alkalis (f.«. baryta- 
•W»^) it is decomposed into benzene sulphinit. 
Jdd, benzene, and N,; Ph.N,H,.SO,.Ph»PhH + 

+ N, (E., B. 18, 893; Limprioht, B. 20, 

a8o8)% 

BENZENE-o-DISULPHONIC ACID C.HAO. 
^ 5 ^ 4 ( 80 , H), [ 1 : 2 ], From amido-benzene 
jwulphonio acid by sulpbonation, diazotisa- 
wjL and boiling with aloohol (Drebes, B. 9 , 


Beniene-tnldilttlp^!^^ ft^?^6,^4(S6,H^ 

Formation. — Fiom amido-benzene ji-sol- 
phonic acid by sulpbonation, ^azotisation, and 
heating with alcohol (Zander, A. 198, 8). 

Freparatioti.— -When benzene or benzene 
sulphonio acid is treated with fuming 
both m and p disulphonio acids are formed. 
The m acid is formed chiefly wlien the tempera- 
ture is low or when the mixture is kept at a 
high temperature for a short time only (Puckton 
a. Hofmann, C. J. 9, 255: Barth a. Sonhofer, 
B. 8, 764, 1477 ; 9, 909 ; Limpricht, B. 9, 650; 
Korner a. Monselise, B. 9, 583). Benzene (1 pt.) 
is freed from thioplieiie by slmking with cone. 

and is then dissolved in fuming (70 p.c.) 
sulphuric acid (4 pta.) at 40°. The solution is 
heated for 2 hours at 275° ; cooled ; poured into 
water, and neutralised wit^h lime ; CaSO^ is re- 
moved by filtration, and the lime salts of the 
m and p acid may bo separated by crystallisa- 
tion, the former separating first (Binschedler a. 
Busch, Monit. ScM. 1878, 1169 ; cf. EgH, B. 
8, 817 ; Heinzelmann, A. 188, 159). 

Properties. — Very deliquescent crystals (con- 
taining 2iaq). The alkaline salts are v. sol. 
water. 

Salts. — Na.,A"4aq.— K,A"aq. S. 66*6 at 
100°. — BaA"2aq. 8. 44-2 at 100°. Large 
prisma.- CuA"0aq : v. sol. watcr.—CaA"l.',aq.— 
ZnA"4aq.— PbA"2aq. S. (of PbA") 86*2 at 20°.— 
Ag.A". 

^ Reaction. — 1. Bj fusion with potash or soda 
it is converted into resorcin. The acid is first 
converted into m-phenol sulphonic acid (at 180°), 
The amount of resorcin fonned by fusing this 
body (1 mol.) with potash (21 mols.) at 270° for 
10 minutes is 2*7 p.c., at 270° for 20 minutes it 
is 21 p.c., and at 250° for 30 minutes it is 26 p.c. 
When soda, or a mixture of potash and soda, is 
used, the yield is rather less (Begener, J, or. 
128, 318).- 2. Byfwiio?i with potassium cyanvde 
the potassium salt is converted into CJ1,(CN)„ 
which, w'hon boiled with potash, gives isophthalio 
acid (WislicenuB a. Brunner, B. 4,981; Boss- 
Garrick, Z. 5, 519 ; Barth a. Senhofer, A. 174, 
238 ; B. 8, 764 ; V. Meyer a. Miohler, B. 8, 672). 

Chloride C„II,(80,Cl)y [63’]. Prom 

sodium benzene disulphonate and PClj or 
8 ACla (Heumann a. Kdchlin, B. 16, 483). Mono- 
symmetrical crystals, a\h\c » 1*1991 : 1 ; 0’8688. 
3-85° 41' (Otto, B. 19, 2121). 

Amids C,H4(S0..N^),. [229°]. Needles. 

Bensene-p-disolpnonioaoid 0„H,(.S03H), [1:4], 
Prepared as above. Thd potassium salt distilled 
with KON gives di-oyano-benzene, which, on 
saponification, gives terophthalic acid ( Wislioenos 
a. Brunner, B. 4, 984). 

Salt8.-K,A"aq: thin plates. 8. (of KA") 
66*6atlOO°.-BaA''aq. S.(ofBaA")7-19atlO(R-- 
CaA"aq.— CuA''4aq.— PbA"aq. S. (of PbA'O 
24-9 at 26°.--ZnA"4aq. 

Chloride [131°]. Needles. 

Amide C^UdSOaNH^,. [288°]. Thin 
scales (from water). 

s-Bensene-tri-salphonio aeid OA(80Ji)^ ; 

[1:3:6]. Prepared by beating 6 pts. of the potftsiHM'] 

salt ol the mono. orm. di.«nlnliAn{A aeUI «rfitk A ’ 



fUObmi ihk tUfy wfah on^lSon if peoMIy 
to to ilM pnMhof of KHSO4 o' of potisdam 
pjiofiilphftte. B7 heating the potoseiain salt 
With KCN the nitrile of trimesio acid CA(CO,H), 
is obtained. NaOH fusion yields phlorogluciue 
The Ba salt is sparingly soluble in water. I 
Salts.-K,A"'3aq.--Ba,A"V~lia,V''aGaq.J 
Pb4A."'4aq: slender needles, v. sol. water. — 
AgaA^"3aq (Senliofer, A. 171, 213). 

Chloride: .4 m idc . : rnoO"*] (Jack- 

son a. Wing, B. I'J, S‘j8). 

Benzoyl-amide CJI^ISO.NHBz),. [28.'>'’]. 

A n i f td«'C.lI,(S0.^1»hU),[237']{J..4 w.l>,34C) 

JJeriva ticca of the sulphonic acids of btuia- 
ene are described as -Duzonr.NZKNR sru'JioNic 
aCID (p. 405), SULl'IlO-HKN2KNE-A/.nXY-BFN/.KSK 
SDLPUoNic ACID (p. 428), Amido-, Bhomo-, Bi;i»mo. 
AM1DO-, BiUiMO-NlTUo-, CuLORO-, loDO-, MktIIYL-, 
NITBO-, BihU'YL-, IJKNZKNK BUM'HOMC ACIDR. 

BENZENE DI-8UIPH0X1DE v. Puentl 
Bbnzkne-thiosdlpiionate, 

BENZENE SUlPHYBRATE v. Puenyl ueu- 
Cjlptan. 

BENZENE THI03ULPH0NIC ACID 

C,H,.S(VSH. 

Preparation. — 1. By the action of KIIS on 
benzene-sulphonic chlori(le.-~2. By heating a 
solution of a salt of bcnzcnc-sulphinic acid wdth 
sulphur. 

Balts. — KA'; ▼. sol. hot alcohol and water. 
— NaA'l'.aq. 

Ethyl ether CJIj.SOj.SEt, FAhyU 
phcnyl‘di-sulphoxUle. From the potassium 
salt and EtBr. Colourless heavy oil. Insol. 
water, miscible with alcohol and ether. Slowly 
volatilises w’ith steam. On reduction with zinc 
and Hj.SO^ in alcoholic solution it gives phenyl 
mercaptan and otliyl mercaptan. Boiling 
KOIiA({ gives benzene Bulphinic acid and di- 
ethyl di-sulphide (Otto, B. 15, 127). 

Ethylene ether A',CJi,: [85®]* P'ormed 
by heating an alcoholic solution of the Na or 
K salt (2 mols.) with ethylene bromide (1 mol.). 
Small thin silky needles. Without taste or 
smell. V. sol. l^nzeno and hot alcohol, far less 
in cold alcohol. By warming with alcoholic 
KOH it gives benzene sulphinic aci«], ethane di- 
Bulphinio acid Cjligt 80^11) j, and di ethylene 
tetra-suljdiide (CJI,)jS<. By warming with 
alcoholic KIIS it gives the potassium salt and 
ethylene mercaptan CJi,(llS),. If the alco- 
holic solution is warmed with ethylene mer- 
captan, benzene sulphinic acid and di-uthyleno 
tetra- sulphide are produced. On reduction it 
gives primarily benzene sulphinic acid and 
ethylene mercaptan. By warming with alco- 
holic HjS it is codverted into phenyl tetra- 
sulphide, ethylene suljihydrate, do. (Ptto a* 
Bdssing, B. 20, 2079, 2090). 

Phenyl ether C,Ht.SO,.SC,H*. Benzene 
di-sulphoxide. Biphenyl dusulphoxuU. [45"^J. 
Formed by the decomposition of benzene sal- 
phinic acid (q. v.) by Iwiling water, or even by 


SO«R.,SOJB + 

J»)cA,8’oa^,,sh 

C.H..80^ + (0.HJ,8- 
The benzene-thiosulphouic-phenji-etber reiMilf 
^in the cold with sodium phenyl mercaptid# 
according to tlio last equation (6) (Otto Un 
llo.ssing, B, 19, 1235). - 2. Eiiu'-dust added to 
an alcoholic Koluttou gives zino phenyl mor* . 
captide and zinc l>cn/.cnc sulphinale. — 8* 
forms bonzeno Bulphinic acid, phenyl mercapttll« I 
phenyl tetra -sulphide, Ac. -4. A inc phenyl mer* ; 
captuie added to an alcoholic solution gives dl* 
phenyl di-sulphido and zino benzene sulphi* 
nnle.~ 5. Phenyl tnercapUin on heating fomui 
I di-phenyl di-sulphido and benzene sulpbinkl 
acid. - 0. Ethyl tnercaytan at 115 gives dnstbyl 
di-sulphide, phenyl-elnyl disulphide, di-phenyl 
di-sulphide, and other products (Otto a. UOsaing. 
B. 19, 31, H7). 

BENZENTL ALCOHOL v, Orf/io-BKMSOXO 

ACID. 

BSNZENYL-AMIDINE v. Brn/amidini. 
BENZENYL-TRI-AMIDO-BEMZENE 

0„II.,N, ut. Ph.C<^^^“>O.H..NlJ:r [MOT. ; 

Amuiophenylcm-bemamuline. From benieoyU 
nitro-pheuy lone- diamino, tin, and llCl (HUbncri 

A. 208, 809). Needles, v. si. sol. water, v, so^ 
alcohol.- B"2n Cl. • B "2I1N0,.— B"U,SO*«aq, 

Benzoyl derivative 

rh.C<;.^^^^>C,lI,NHBz. [125°-2M°]. From 

di-benzoyl-nitro-phenylcne-diamino dissolved ia; 
HOAo by boiling with tin and JiCl (iluhemtahy 

B. 14, 2G58). Plates (containing uq, from dihltt 
alcoh^). B'HCl; needles. 

BBNZENYL-O).AMlD0-a.NAFHTH0L 

C„U„NO C, A<J5>CC.II,. [1 Prep»i»a 

by reduction of the benzoyl-derivative of th 
nitroso-(a)-)iaphthol (Worms, B. 15, 1816). . 
CiolourlcsB needles. Sublimable. BoL alcohol 
and acetic acid, si. sol. water. 

Benzen7l-(a)-amido-(/9)-napbthol 

C.,H,<o>C.C.n.. [IBSO], 
Formatton.—l. As a by-product in tbo iw* 
duction of 4a).nitro-(j9)-Daphthyl-benzoet#«r* 

2. By* heating bonzoyl-a;iiido-(B)-naphthoL^ 
(Bottchcr, B. 10, 19.30 ; C. C. IBBi, 898). 

Properties.- Lon fi colourless needles. Babti 
limabic. V. o. sol. alce^l and bcnscWl, 

si. so). ]>ctroleuii>.ether,'msoi. water. BissotfAl 
in strong acids. Its solutions have a bcilto^ 
ful blue fluf ’CHoouco. B'JijClJ’tClf : ycUo^ 
needles. 

BENZEN YL - (a) -AMIDO-NAPHTHYL 
OAPTAir c.4i.<;®>c.c.H,. [XOS"]. VoiWiI 
by beating be»zoyl-(a)'naphthylamind (2 pm 
with sulphur (1 pt.) tor two hours (yield 10 p.|4 


It is decomposed into benzene sulphinic acid Glistening colourless neodles (from 
' tad di-phenyl-di-sulpbide : Y. sol ether, benzene, and hoi aloohoL Vi 

^ TV HA (in nr ^onrn. 


“ W • Mftido ■ naphfhjl mareaptaa 

[107®]. Prepared by 
heating benzoyl* ()8)-naphthylamine with sul 
phnr. Felted neodIe8.-B',H,CIJtCL (Hof 
mann, H. 20, 1803). ‘ ' 

BENZENYL-AMIDO.PHENAKTHEOL V 

rflENANTUIlK.SK. 

B£9Z£]nrX.0.AlII])O-PHEHOX C„H,NO i.e. 

[103°]. (o. 315»). From 

o.amido.phonol and Dad or phtl.alic anhydride 
^adonburg. £ 9, 1620) I'latce (from dilate 
•alcohol).^^ H.^S 04 . Split 




l. dilute Snlil 

benzoic acid undo-amido- 
£\H^tc/^“ docomposod by water.- 

B£N2ENYI*DIAMIP0*DIFH£NTL C H N 
O.H..c4„>C.H..C.n.. tl9««). ‘tm 

Horte 

•Icohol).- B'lici. 

■ PHElfyiKN£ 

WAMINE V. B£NZENYL.Tlir*AMrDO.BK.NZKNB. 

BENZENYL-AMIDO-PHEITYL mehcaptan 

€,|H,NS U [1:2] CJI,<^^^CPb. (c.360®). 
Fm'niatim, ■• 


\atifm _ 1 1 A- '' I with I 

tn »iih il-Jl, tuh Ton^otald^t I (C.H n"hCI;1 


c.A,NSi*.OA(OEw;c^^o_(ya. pan 

W-BEirZEHTL THI-AHIHE 
0„H„N,w jPh.C(NH))^H. [109'’]. Formed 
by boiling benzamidine with AojO. Needlea 
(Pinner a. Klein, B. 11, 8). "eeoiea 

■ FHEHYIEBE . M. 

AMIHE*^^^ ' ®®®®® ■ f H^IfYbENE - M- 

C,.H.BrK, U C.H.C^NH^O.H,Br 

'>«"?,‘>y'->>«>mo-nitro-aniIino by 
reaction (Hilbner, B. 8, 664 ; 10,1710). Small 

ra SO ~ 

iENZENYI,.DICniNAlCrLEHE.])I.AlIIirE 

f n M ■ *’>»CH;CH.CH-NHv 
^24^^2 jNj t.e. I >CPh r 2 fl 7 ®T 

, ,PhCH;CH.CH-N/^ 

■ Slt/oraUne di-hydride. 

amine with potash in a sealed tube (Japp a. 

yellow iryLs. 

foT Ftllo ' s “ •'??"“ “ hydrochloride, 
sol. BlIIO. which yields a platiiiochloride 


: >» ™ ra ■■ a, “ 

Formed by the action of NaNO, and lid 


amtdo-phcnyl mercaptan. — 4. From tliidta^nrnir^ 
« and alkaline* K.FeCy. 10. 

wUhs'^’ontYfb <'* P‘*') " *"=«'<'<• 

• la . mr a few hours to boiliiiLy TJm 

yield IS 60 to (10 p,„. the bensanS 

- Needles. Weak base Hnl 

tea-ioscs and Koraniums. It remains 


into — „..w.v niiiu unu (1 

«tptHn. SaIt.-mrAuCl,. 

iMfi; lioinann a. Piobst, li. 16 2033 

- CMSOl 

BaMENyL-AMIDO-littltt^EnCArTAN. 

BEKZENYL - AMIDO - THfO PWEwat 
Btmssnvn-AuiiKi.rnsNvnnK™"!;,*^®®*®'' *" 
BBHZENYt . TBI , amibo . TOIFENE 
N >C.H.Me.NHr R’'” 1 

indHCl^oTbe'”B't'87?!‘™'N'"jf*“'‘*”’ 

BEHZraYl.TKI.AKil)0.r01BEHE 

N [}:1 «1 (7). 

'BW-aVs")*'* Fmm r ti"" 1 ■ 0«H.4».Oaq. 

»«iUa (fWm ilohS)^ “• 


^u‘T?-^T- 1 '^‘h“Sr 

Nil the parent substance is reproduced. By 
heating with sodium ethylate it yields benzenvl^ 
j ethoxira - ethyl ether C„II,C(oL):NOEt (tL* 
j naann a. Kniger, il. 18, 727 ; 1057) 

^^^ZENYL - ETHOXIM - ETHYL ETHEB 


.li. sK.z.s't;; ■ sf ow » * = rsBTs 

p6ir,oa...._ii„»."“ . . ethoxim-chloride aH..CtNOKiini ...in, 


; • mormon ny Heating bcnzenTl- 

e hoxira-cliloride C.H..C(NOEt)d with sodium 

ethylate. By Hd it is decomposed into bensoio 

H N 0 ?? 1 t e,® *!" MroxylaS 

Ujr^OEt (Tiemann a. Kruger, B. 18. 742) 

PhC(NEt).NH^.. I'rom bonzamidino and EtI 
(I inner a. Klein, B. 11, 7). Oil. — fB'HCl) Ptn 

BI.BENZENYL.IMIl)(KAMbB 

KNTLJjMAMINK. BENZ- 

■ PHEmriENE - W, 

AJiJlMJS V. BENZENVL-PnENTLENE-niAMni* 

BENZENTt.METHOXIM.CHliS' 

FiSs*^ ‘k ****®'’ V.D. 74-9*. 

Formrf by the action of HCl and NaNO 

O H"rlKn"J“iSji ®‘/Hf “* Iwnaenyl-amidoxun 
(Krflgdr, B. 17, 1689; 18. 

water. ’ “eroh*. iwoL 

-M* 

AMUf E V, B«MnifTL-PHMnnJUW. mAiw^ 



tlhwtmtMms^^ }Aiff4S ^*W KjCrgft 

Biinmm4rA»BTHnnMU]^ h,so«. 

W.UPhO<«H>O..H.. t»10«]. F«.» I ,., 

benzo7l*Ditro-(^)-Daplttbjlainine, tin, and IlClblonn iirodlos, v. e. aol. water. — AgA': white 
in presence of alcohol (Ebell, A. 208, :J 2 Ji).irgelatinous pp. 

Yellowish crystals, al. sol. water, V. sol, alooholll A'twe/wn. - The silver salt on distillation 
Salts. — B'lICl. — B'ilNO,. — B'«ILSO,. - gives a ketono * AnhydrO‘totyl^k«tamin 4 * 
BG|H|,I: small needles; NaOlIAq or hot water j C„1I,„N^0 or 

removes the isoamyl iodide. C 11 ^ C 11 CO C H f!<!Cr ^ ^Ko W 

BENZENYL^XAMIDINE is BKXzrNVL-AMiiJ- N « *' * * < N 

oxiii {q. r.l. [277'=') which form.s salts IV'illCl and B"II;,PtCl^ 

BENZENYL-OXIMIDAMIDE is Be\/enyl- ct* cr KtA'. -[2i:n ; colouriew 

AMinoxjM (q. r.h needles (Moddard, B. 11.21)3; Bnickner, A. 205, 

BENZENYL-PHENYL-AMIDINE r. Phesvl- A. 210. 337). 

BIMZAUIDI.NK. BENZENYI . PHENYL - THIURAMIDOXXX 

BENZENYL.DI.PHENYL.DI.AMINEr.Di- W;^(>JHCS.Nn(yi^):N()Il. (lO.rj. Formed 
phenyi.-uenz-amimnk *‘”® coinhination of plu«nyl thio-carbJmide 

BENZENYL-o-PHENYLENE-DI-AMINE , (^rilger, li. 18, 1000). 

v’lj rialca. v. 0 . Bol. alcohol, other, and benzene. 

C„HjoN, >C,II,. [280°]. BENZENYL-PHENYL-URAMIDOXIM 

Anhijdru bemoyl-di-amUlo-bemcne. From bcii- ' G„lI,..C(NH.C().NJlO„llJ;N01f. |115°]. Formed 


zoyl-o-nitro-aiiiline, tin, and IICI (llubner, A. j by tho combination of pbonyl cyanate with 
208, 302 ; 210, 328). Plates (from glacial i bejiz-aniidoxini /Kriiger, /). 18, 10r>9). White 
HOAc). M. sol. alcohol, si. sol. benzene and ! plates. V. e. sol. alcohol, other and benzene, 
water. insol. cold water. 


Saltfl.-B'nCl. - ByPPlCL. ™ Bill am— 
BHNO,.-B',H,SO,l,U(i. 

lieaciiouji. — 1. llcmoyl chhruU at 200° 


iiiHoI. cold water. 

! BENZENYL.TOLYLENE.DIAMINE 
C„U„N, i.c. [}i4]. 


has no action. 2. Heated with i f2IO°l. From bcnzoyl-nitro.p.toluidino, tin, and 

vodid^ and benzene, pale yellow crystals of hci (Uabner, A. 2UH, 310). Also by heating 
rh.C<^'v^^">C.U. [10C°] are formed (Howe, ' acetophenone with o-tolylcne-diaiuino (Badeu. 
i,., r nci o ^f n 1 'VI t burg a. lliiglieimer, Ji. 12, 0r)l). Crystallin^ 

n 77..?; 'vater, v. sol. hot alcohol; may bo dii- 

C„H.jMeN,.Mer, [111®], whence potash forms tilled. 


C,jHi,M«'N.Mt'OH [152"j, insol. hot water, si. 
sol. cold alcohol. It forms the follow- 
ing crystalline salts: C,,H^MeN..MeCl aq. — 
(C„H..MeN.,MeCl),PtCl,.—C,,lBMeN, Mel, 1280 ®]. 
C„ll,MeN,Me.NO,. - C,,,H,MeN,MeS(),H aq.~ 
4. Kthyl iodide forms at 180® *C,JI,,EtN., ni. 
sol. water. It forms soluldo crystalline salts, 
B'HCl and 1.1' JI,8(),. -5. Kihiil iodide at 210^ 
forms CijHyEtN^Etl, [l."»o~’j win nco hot potash 
liberates tliu crv'^talline ammonium base 


Salts. BlICl ; needles ; si. sol. cold water 
and ala.d)ol.~B'^H;^HO, : needles; v. snsol. oold 
water.* 

lieacliaM.-~\, Mdhyl iiduhi at 210° give# 
C,,H,,MeN.^MeI, [100°] wheiieo KOH forma 
C,,H,,MeNoMeOH [M4°], insol. water, of which 
b.aM; the following salts are crystalline, viz,; 

C„H„Mo.,N,Cl 2a.i. ^ (C„H„Me,N,).,PlCl,.~ 
G,,H,,.Me^N.J.— C„li,,Me^N.^SO,ll. Nitrous acid 


liberates tliu cry'^talline ammonium base j)roduce.saiiitro-compoundC,,Il,„(N)).,)Ma.N.,01I. 
C,,HyA.N.,UOH ii:!2^J, insol. w,Uera^ (jii.jjner, A, 210, 371) which forms a 

si. sol. cold V. e sol. benzene and ,,i„tinoclilorido, (C,,H,„(NO,)Mo,N,,Cl),PtGl,, and 


ligroin. Its salts are crystalline and not de- 
composed by Nil., Na.^c6„ or cold KOH, but 
hot potash liberates tho base. Salts. — 
C„H,EtN .EtCl 2.1(1. “ (C,.,IBEtN.EtCl),PtCy 
-C„H,EtN,EtI. - C„H,EtN,EC^<BH a.|.— 
6. hwunyl iodide at 170® gives C„Hv((’ Il,,)Nj. 
Salts. B'HCl. — B'HI. - B'llNu,.-- 


reduces to an amido-compound. 2. hUhyl iodid$ 
at :K)0' gives C,,H,,Et..N,I, [I2i)°j whcOOB 
C„H„k:i,N./)lT Iin.T'j and* its salts 

c„H,;i:t,N./;jiici. ic, jr„Et,Nxptci,.— 
C„II„Et,N,I. -C„H„Et,N,,SOjl eq. 
BENZENYL - p - TOtff L -JOLYLENE - DX . 


B'H,.SO,2aq.- 7. hoamyl ioduU at 10;V for 21 ' AMINE i>C.CJr. [100°!. NeedlCior 

hours give.. CyUC,llH)N,(C,H„)I, (112^1. 'riie 1 . ’ 

frea ammonium base, C„ll,(C,U„}.N,C.H„OJI , I'^onnf d by reduction of benzoylmltw^ 


[81° and 02°j crystallises from alcohol, eind is 
imsol. water. Salts.— B'C,!!,, Cl a<| (and 3aq).— 
B',[C,U„),PtCl,. B'CJI„NU,.HN«,. (U0°j. - 
B'CjH,,!.— 8. Cone, nitric acul forms a nitro- 
cojuiwund, C„H,(NO,)Nj, [196°],— 9. IIjjSO, 
forms an unstable sulphonic acid. 

BENZENYL - PHENYLENE^r DIAMINE -p- 

CARBOXYLIC ACID G^,<^^^G.G,U,.CO^, 

Slender needles (containing l|aq). Almost 
insol. in cold, v. soL in hot, water. Prepared 
by Uio oxidation of tolnenyl-pbenylene-dioiaina 


«.ml IK di-lolvl-amin<! with tin and HCI. 

Zol 1 Salts. B'HCl a<i.-B'.Jl,, SO/ ; prisms(LaU* 

*90°: — mann, IS, 16, 832). , 

[ nitro. BENZENYL.XYLYLENE-DIAMINB 

LNE-p- [195°]. From benzoyl-nilro-xylidine [185^, tfS| :: 
GOJl glacial HOAc (Hubner,A. 208, 320). Noodlotf, 
insol. water. Boiling fuming HNO, forma A ' , 
Almost compound, crystallising in yellow noodlei [209^ 
repared 8aUs.-B'HCI.-B'HNO,.-B',H^^— 

Uomina B'H,C,0|. 


eaMKRlidlne C1T8^. Heedlei. - BBCISiq 
(H«lm«,iJ.10.17U). 

BUtZ-EBYTEBEHE 0„H,. {aOT’-SOS®]. 
formed in leading benzene tlirough a red-hot 
lobe (Bertbclot, J. 1800, 641; 1807, 500, 606 
Schultz, n. 11, 05). Small leaOda. Almost^ 
loeoluble in alcohol, diillcultly soluble in hot 
acetic acid and in cold benzene. 

BENZ-FTIBIL C,,H,0, i.e. Ph.CO.CO.C,H,0. 
Ml®]. From benz-furoin and Fchling’s solution 
at 50® (Fischer, A. 211,220). Yellow needles. 
V. sol. alcohol or ether (unlike furil). Volatile. 

Titr a -bromide CiJigOjEr*. [127 -128®]. 
Yellow needles. 

BBNZFURILIC ACID C,,II„0, U. 
04 H,O.CI‘h(Oll).CO,H. From benz-furil and 
Mueous KOH at 60 Prisms (from a mixture 
j/ ether with li;dit petroleum). Turns brown 
kt 108®. V. sol. ether, alcohol, or chloroform ; 
d. lol. light petroleum. Its a(pioous solution 
(roduatly docomposes. The crystals in cone. 

give a blood-red colour, turning brown, 
rho oily residue got on evaporating an ethereal 
aolution of henzfurilio acid gives with cone. 
H,S 04 a reddish violet colour, water then gives 
a hlackish-blue pp., which dissolves in cone. 
HjSOi giving a blue colour (K. Fischer, A. 211, 


281). 

BBNZ.FUEOlN 0,,n,„0, 3'lithor 

Ph.CH(OM).CO.C,H,0 or C,ll,O.CII(OII).CO.Ph. 
tl87®-ldll'^j. From furfurol (IHg.), benzoio 
aldehyde (20 g.), alcohol (60 g.), water (80 g.), 
and KCN (4g.); by boiling for 20 minutes (K. 
Fischer, A. 211, 228, 1). 13, 133'.)). Slencler 
prisms (from alcohol). May he di.stillcd. V. 
•ol. hot alcohol, cliloroform, or benzene,^!, sol. 
water or light petroleum. Alcoholic KOlftorms 
a dark-red solution with bluish-green reflex. 

BENZULYCOGYAHINE C,1I,N,0,- Formed 
by boiling the dioyanido of m-amido-bonzoic acid 
kp. 157) with KOHAq (Oriess, R 1, 101; 3, 
70 $ ; 0. 4, 725 ; G, 728) or by the action of cyan- 
amide on an alcoholic solution of m-araido- 
banaoio acid containing Nil, (Griess, JO. 7, 575), 
white four-sido«i plates (containing aq). 

VilSQ. aol. hot water, v. si. sol. ether, insol. NIf,Aq, 
id* aqueous mineral acids. Boiling baryta 
^OBveris it into tn-amido-benzoic acid, urea, 
KHpand uramido-benzoic acid, * • 

Balts .-iniCl .-DM I,PtCl.. 

BBHZOLYo’OCYAMiblNE CJI,N,0, m. 

prolonged 

heating of * ethoxy-cyanamid(f benzoyl ’ (o. p. 
lS6) with alcoholic Nil, at 100®; or by the 
aaiion of oyanamide on o-omido-benzoio acid 
{Oriess, i?, 1, 101; 2, 415; R [2] 6, 674; B, 
% $74; 8, 822; 13, 977). Nacreous laminre, 
tt'lL BOl. water, si. sol. boiling alcohol. Its 
bI irate forms narrow laminte, v. sl.eol. alcohol. 
iUtinoohloride : B',^,PtCl,. 

;; * m- Carboxy - phenyl - bom • glyooeyamidine 
HN.C^H^.CO 

1 I , Formed from a 
^jiuffwre of ' dicyanamido-benzoyl-’ 

1 Bad m-amido-benzoio aoid 


Folenbly itrong add, 

8alti.---A"Ag,: whita. amorphont 
A",H,Ba lOaq (Griess, B. 18, 2420). 

t Imido-pbenyl-bens-glyoooyamldlne ’ to* 
I NH.C,H4.C0 

Isalled. HN;C<; | [1:31. Formed bj 

^NH.C,H4.NH 
heating cyanoarbimidamidobonzoic acid with 
o-phenylcno diamine ^Griess, B. 18, 2414). Six- 
sided tables. Nearly insol. water, alcohol, and 
ether. It has both acid and basic properties. 

Halts: A',Ba.— A'HIICl : white six-sided 
plates. 

BENZHYDBAMIDE v. Benzoic aldehidk. 
BENZHYDBAZOlN v. Tni-piiKNYL-HXDiuzolN. 
BENZHYDROL v. Diphenyl cauuinol. 
BENZHYDROLENE C.Jf,,,. [210®]. Got by- 
distilling succinate or benzoate of bcnzhydrol 
(Linnemann, A. 133, 1), is identical with 
tetia-phenyl-cthane (Zagumenny, J. B. 12, 
4.31). • 

BENZHYDROXAMIC ACID v. IIyduoxyl. 

AMINE. 

BENZHYDRYL ACETATE v. Acetyl-r^mz- 

nYDUoL. 

BENZHYDRYLAMINE v, Di-rncNYL- Cab- 
din ylamine. 

BENZHYDRYL-BENZOIC ACID v. Exo-oxt- 

BENZYL-nUNZOIC ACID. 

BENZHYDBYL CABBOXYLIC ACID v. Exo- 
OXY-HKNZYIi-nKNZOIC acid. 

BENZHYDBYL PHENOL v. Di-oxt-di- 

PnENYL-METUANE. 

BENZHYDBYL-mo-FHTHALIC acid V. OxT,. 

BENZYL-WO-PJ1TIUI.IC ACID. 

BENZHYDRYIrPKOPIONIC ACID o. v-oix- 

7-rnENTL-DUTYniC ACID. 

BENZHYDBYL-PBOPIO-CABBOXYLIC ACID 

V. OXY-CAUnoXY-PlIENYL-PROnONIC ACID. 

BENZIDINE and derivatives v. Di-Aun>o- 
DIPHENYL and derivatives. 

BENZIL C„1I„0, = C,H,.CO.CO.C«n,. Di. 
benzoyl, [95®] (Limpricht a. Schwanert); 
(346°-348® corr.) (Wittenberg a. V. Meyer). 

Formation.— \. By passing chlorine into 
melted benzoin :- C„Hj.CH(OH).CO.C.H, -f Cl, - 
C,H,.CO.CO,C,H, + 2HCl (Laurent. A. Ch. [2] 
59, 402).— 2. By oxidising benzoin with nitrio 
acid (Zinin, A. 34, 188), and in small quantity 
by the air-oxidation of benzoin dissolved in alco- 
holic potash C, ,H„0, -f 0 » C, 4 H,uO, + H.O (Lim- 
pricht a. Schwanert, B. 4, 335).— 3. Together 
with stilbene by heating stilbene dibromido with 
water to 160®: 8C,H,.CHBr.CHBr C JI* 2H.0 - 
C.H,.CO.CO.C,H, ^ 2C,H,.CH:CH.C,H, + 6*HBr 
(L. a. S., A, 145, 838).— 4.. Together with tolana 
by heating tolane-dibromide with water to 200®.* 
• 2C,H,.CBr:CBr.C,H, + 2H,0 « 

C,4H„0, -*• C,H,.C:C.O«H, 4 4HBr 
(L. a. S., B. 4, 380).— 5. From tolane-tetrt- 
chloride by heating it with glacial acetic add 
or with cone. ELSO. to 165® : 

C,H,.CC1,.CCI,,C,H, 4 2H,S04 - 
C, 4 H „03 + 2S0, + 4HC1 

CLiiebermann a. Homever, B. 12, 1975).— 6. Bf 
heating benzoyl chloride with sodium amatgam; 
2C,H,.COCl + Na, » ChH^O, 4 2NaCl (Kli^ 
B, 16, 096). 

Fi^rcUicn^—BmMoln is heated with twkM 



into 

QUO* lolidiflM) is puriflsd hj laoxTitol- 
tsMton from boiling alcohol. 

iyo|wrii««.-~Cry8talliges from hot alcohol 
n transparent yellow needles ; from etlier, by 
ipontaneous evaporation, in large six sided 
irisms. Insol. water, v. sol. hut alcohol and 
ether. The crystals are optically act ive, showing 
■omotimcA dextro-rotatiou, sometimes l«>vo*rota- 
tioQ, but having no hemihcdral faces. Inactive 
in a fused state or in solution (Dcscluiseaiix, C. C. 
1870. 41K|. 

iReacfw«K.— 1. Benzil is readily attacked by 
reducing agents. Iron filings and acetic acid, 
or sine and hydrochlorU' acul, acting upon the 
alcoholic solution, convert it into benzoin (Zinin, 
A. 119, 177). When heated with alcoholic ^w/u.v- 
shtm htjdroi ulnhidc. at 120° it yields a mixture 
of deoxylK-nzoin (C,,II ,.CM.,.CO.C ,11^) and benzoin 
(Jena, A. ISo, H7). Sodit4m ant. il, jam and wafer 
convert it into hydroh-inzoin (Ziticke a. InwsI, /f. 
8, 797). When a solution of benzil in moist ether 
is exposed in a sealed tube (o sunlight the bcn/il 
is reducc<l to Umil-bm:<H'n C,,ll,,<).. Lldl ' I'liV'J, 
which sepaiufes in rosetU’s of wliitu or pale yeb 
low crystals on the sides of the ttihe, whilst the 
ether is converted into aldcliyle. On melting 
benzil-benzoin, or on attempting to recry.s- 
tallisQ it from any of the usual solvents, it 
breaks up into benzil and benzoin : C,JI, .()„» 
2C,,H,oO, * 0,,n,,(.), (Klinger, R 19, iHbli. 2. 
Benzil is very stable l»)wards at i l<. It may bo 
l>oiled with fuming hgdritchlorii: tici<i without 
undergoing cltango ; cone, sidjihuric acid dis- 


flofail a eoloart w 
aeatii^i tha eoloar ia ditehargad and th« Mlatioii 
Mntatns potastittm benxiUte. According to 
itfinger (foe. c»f.) agueons i>otaah gives this colour* 
iiion only with benzoin, and then only when air 
itadinitted. Wiicn ben/.il is dissolved, without 
iieating, in very dilute alcohoH,'. potash (-1 grama 
KOH to the litre) and alhnved to staiid, with 
exclusion of air, for nboi.t a fortnight, it is con* 
verted into a mixture of twq eiunponmls, C,pIL .04 
[2fk)°-201°] (Limpricht a. Schwaneifs so-ciuIm 
fthyl-dibensoXn) atnl G,„ll»,t>, l-hl'J J, The aloo* 
hoi takes part in the formation of these com- 
j>ound8 : 2C,,I1„0, 4 C.H,(>- C,.. IL, 0,4 11,0, 

Bnd:JC„H, A + t 111 /). Theaa 

two substances can be separated by recrystal* 
lisation from alcohol, in wliieli the eompound 
C„II,,0, is the more soluble. The eompound 
C„n,,0, boiling alcidiol, si. sol. boiling 

benzene, v. sol. boiling ghieial neetie acid ; de- 
posited from nlcohtd in colourb-.ss granular 
crystals with 1 mol. of alcohol of rrvstallisation 
which is expelled at 120° but not at 100®i 
crystulliees abso wit)) 1 mol. of acelic acid and 
with benzene of crvstallisnlitm. 'I'lio com* 
pound C,JI„0, is finally purified by dir.solving 
in boiling phenol and precipitating with alcohol; 
yellow cryRlftllino powder, v. si. sol. alcohol, m. 
sol. boiling phenol (Japp a. Owens, 0. J. 47, 
90 ; cf. also Limpricht a. Schwanert, //. 4 1)86). 
Benzil also reacts with isojooyyJ alcohol: when 
it is dissolved in a dilute loliition of eaustic 
potash in isopropyl alcohol (2:li>0) and allowed 
to stand for some months in a stoppered vessel 


solves it, and the ad<iition of water precipitat<-s 
it unaltered ; ordinary strong nitric and do«'s 
not attack it. On boiling it with fuming nitric 
acid, however, it yields a mixture of two 
dinUrob<m.rils, C,,II,(NO,)/)„ wliieh may bo 
separated by crystalli-sation; octahedral crys- 
tals [181°], b 1. sol. alcohol; and lainimc [117°], 
less soluble than the foregoing (Zagnmenny, 
J, R. 4, 278). An isodinitrobcmil !2(K#-] has 
boon indirectly prepared by the oxiilation of o- 
or 7- dinitro-dcoxybenzoin ; v. si. sol. a’cohol, 
m. sol. boiling benzene or glacial acetic acid 
(OolnbelT, J. i*. 13, 29). A imnonitruhenzil, 
C„H,(N0^)0, [110°], has abso been indirf ctly 
obtained by boiling 1 part of deoxy-benzoin 
with 8 parts of nitric acid (HJl. 1-2), or by 
adding benzoin to nitric acid 1*5) cooled 

to 0°. Yellow laminm or flat needles ; ni. hoI. 
alcohol, more readily in ether. Hot alcoholic 
potash decomposes it into potassium m azo- 
b^soatc and potassium m oxvhenzo^ite : 

2C„H,(NO,)g, + 4KJIO« 
N,(C.H,.CO,K),^ 2C,H,K0,4 211,0. 

Tin and hydrochloric acid convert it inUiowwdo- 
deoxybeneo'in, G,4H,,(N1I,)0 (Zinin, A. Suppl. 8, 
158).— 8. When heated with sodadifne. benzil 
yid^ benzene and benzophenone, C0(CJ1,), 
(Jena, A, 155. 87); distilled over heated litharge 
U yields benzophenone (Wittcnlicrg a. V. Meyer, 
16, 501). — 4. When benzil is h«;ited with an 
amial weight of caustic potash or caustic soda 
duMolved in 20 parts of water, the benzil slowly 
diMoives, forming a benzilate (tr. Bzxziue acid) : 
l0A'OO-CO.C,H, 4-KOH - (C,Hil:C(OH).COOK. 
quantity of diphenyl-carbinol is formed 


a compound C,,!!*,!), {M7°-MH°j is formed; 
2C„1I,A + C,}1.() - C,,ll,,0,4 (>, a reduction 
taking place. C„llj„0, forms very hudroui* crys- 
tals, of flinmbohcJral habit, v. si. sol. iKiillng 
ulcohol (Japp a. llasclion, C. J, 49, H82).>~5. 
Benzil reacts with acetone in pre:;ence of causUc 
potash, yieldingth(>com])onndKace ton ehonzil, 
Cj.H.A; anhydracetone-benz i 1, 
and anhydracetone-dibenz il, (v, 

AcKTONK-iiKNzm, p. .82), With methyl ethyl 
ketone it yields m e t h y 1 -a n h y d r a c t* I o n e h a n* 
zil, C„,H,A- colonrhsH thin priMiis fl79®j; 
with dvthyl ketone, d iinoth y l-anJiyd raOS' 
tone -ben zil, C,JInO, : rhomhoidal platei 
|l.uO°j; with methyl propyl ketone, atbvl 
anhydracotonT-benzil, C,JI,h(),: ncedlAI 
[1.5i» J; with methyl heryl ketone, arnyl-anhy 
drncetone-benzil, nee<llCJ 

fl.'iO'r»°l ; all sol. alcohol (Japp a. Inirton,, 0» J 
51, l.t!).— 6. Benzil read fir' ontmomt, anti 
al.'^o with aldehyd^ and ammemui jointly, U 
form a number of well characterised conclensa' 
tion-eomponnds (r. BKNZin, A.MMoNiA-nRnrrATTtisi 
or). Heated with ariUne in a sealed tul<« at 200^ 
it yields ftemtl^ni/ule, CV1,.C(N.CJ1,).CO.OJ0L 
[10.5°]. Yellow prisms, sol. alcohol (Volgtr/ 
ptr. [2] H4, 2tt),—7. Warmed with (l,2,4)-tolnen4P 
diamino in alcoholic solution it forms dipaitijy^ 
toltiguiitoraline : 
r,II,.f:0 H,N\ C,TT,.C-N 

1 + VTtrCn,» n I 
c.n,.co ivv'^ c,n,.c-M 

(HinsWrg. B. 17, 822). Benzil also reacts wilti 
ethylene^iamine to yield a crystalline compottfil 
(Mason, li. 19, 113). — - 8. Forms compoondl 





iol^tUm ai ih« tompemtare for wb^ a^ ^J^isKOi 

|i^s hmtU-monc-oxiim 0«Hft.C(N.0H).0O.0«H, prisme, sol boilmg water, melt^ at 196*’), an^ a 
[180*’-181®], even when an excess of hydroxjl- compound, 0„H,jN,0 [196®-197^, are fonned. 
amine is employed. Small square white lelu> The compound O^HijKjO forms lustrous pale 
lets, V. sol. alcohol and ether, sL sol. watw yellow laminin or flat needles, si. sol. boiling 
(Wittenberg a. V. Meyer, B. 16, 603). BoiI|<J water and benzene, v. sol. boiling alcohol. It is 
with hydroxylamine hydrochloride in mcthyi feobly basic and forms with hydrochloric acid a 
alcohol, with the addition of one drop of hydro- colourless salt which is stable only in presence 
chloric acid, a dioxim, {a)-dij)}ienyl-glyoxim of excess of acid (Japp a. Miller, C. J. 51, 29). 
C,Hj,.C(N.OH).C(N.Op).C„Hi [237°] separates. When benzil is heated with absolute alcohol 
Forms lustrous white lamin®, si. sol. methyl and hydrocyanic acid at 200° for four hours, 
alcohol, alcohol, and ether. Dissolves in cone. , it is decomposed into benzoic aldehyde and 
caustic soda and is reppd. by acids. Sol. with ethylic benzoate: CttHj.CO.CO.CaHj + C.Hj.OH =» 
dittloulty in ammonia, the solution giving with C„Hj.CHO + tho hydrocyanic 

silver nitrate a yellow pp. (Goldschmidt a. V. acid apparently undergoing no change. Benzoio 
Meyer, B. 16, 1617). If benzil, hydroxylamine acid is also formed (Michael a. Palmer, Am. 7, 
hydrochloride, and alcohol, acidulated with hy- 191). Benzil and alcohol may also be made to 
droobloric acid, are lieated in a scaled tube for react to form benzoio aldehyde and ethylic ben- 
several hours at 170°, an isomeric {^ydiphenyl- ’ zoato by triturating benzil and potassium cyan- 
glyoxim [20G°] is formed. White needles, v. j ide with alcohol ; but in this case a portion of 
sol. boiling aloohol, si. sol. ether and boiling | tho bonzaldchydo is further changed into ben- 
water. Sol. caustic soda and ammonia. The ' zoin by the action of the potassium cyanide. By 
(a)-compound can be converted into the (/3)-coin- neutralising with sodium carbonate the small 
pound by heating it with alcohol in a sealed quantity of benzoio acid which is also formed in 
tube at 160°. The nature of this isomerism is ; this reaction, and which would otherwise decom- 
not understood ; but analogous cases of iso- ! pose tho potassium cyanide, 1 part of the cyan- 
tnerism have been observed in tho benzil and : ulo may bo made to induce the foregoing change 
benzoin groups - thus benzil ami isobenzil, by- : in 60 parts of benzil (Jourdan, B. 16, 658). — 10. 
drobenzoin and iaohydrobenzoin (Goldschmidt, ! Benzil unites with nitriles in presence of cone. 
B, 16, 2177). By heating benzil with phenyl- j sulphuric acid, taking up the eiemonts of water, 
hydrazine on tho wator-bath, bonzil-di-phenyl- j Thus when powth^n'd benzil (1 mol.) is sus- 
hydrazide, 0„H,.C(Nj,lI.0„ni).C(N.^II.C,llj).0„ilj ponded in cone, sulpliurio acid, and propionitrile 
[226°], separates. Faintly yellow needles; v. (2 mols.) is gradually added, cooling during tho 
sol. hot chloroform and benzene, si. sol. alcohol process, a compound CooHj.,N.P;,[ 197°] is formed; 
and ether. Gives a dark-violet colouration with + 2C,HjN + H,0 = D,. Lus- 

oonc. sulphuric acid. Does not regenerate trous, colourless needles ; v. sol. hot alcohol, 
j^onylhydrazino wheu heated with strong hy- ! Boiling with dilute sulphuric acid deconiposoa 
woohloric acid (1‘ickel, .4. 232, 230).-%). When i it into benzil, propionic acid, and ammonia.— 
benzil in alcoholic solution is mixcif with an ^ Witli bonzonitrilo and sulpliuric acid benzil 
excess of nearly anhydrous hydrocyanic acid ; yields a mixture of two compounds whicli can 
and allowed to stand, largo, colourless, tabu- | bo readily separated by means of their very 
. lar, rhomViio crystals of benzil dihydrocyanide ; dilTerent solubilities in hot alcohol : 
0,Hj.0(011).CN j [J68°], analogous to tho propionitrile derivative, 

I are deposited (Zinin, A. 34, i v. sol. boiling alcohol, crystallises from alcohol 

0gH,.C10H).CN j in eillorescent oblique prisms of the formula 

189), The same comjmund is farmed wlicn an | (C..,lIj.N;0,)2EtOH ; and a compound 
ethereal solution of benzil is mixed with pow- i [225°J, almost insol. alcohol, v. sol. boiling 
derod potassium cyanide and coiio. hydrochloric ! phenol, si. sol. boiling benzene, wliich crystal- 
AOid is added drop by drop, cooling iluring tho • lises from benzene in microscopic, flat roct- 
oporation. M-lts at 132°, wi>h decovij)osition ; angular prisms: ‘2C,,H,„Oj + CjH.,N + 
into benzil and liydrocyanio acid. Insol. water C-hIIjiNO, + C,IIj.COJI (.Japp a.Tresidder, B. 16, 
and benzene, v. sol. ether and light petroleum. 2652).~11. Healed with somowliat more than 
When dissolved in alcohol it is decomposed, tho equivalent quantity of phosphorus penta- 
even in tho benzil and hydrooyanic chloride, benzil yields dichlornd>'t)xybemoXn 

acid (Jacoby, B. 19, 1519).* When lincly pow- {chlorob^mil} 0,jHj.CCl2.CO.C^Hj [71°J. Short, 
dered benzil dihydrooyanide is mixed with a thick rhombio prisms, ipsol. water, v. sol. ether, 
large excess of a concentraU'd solution of U Brin not so readily in alcohol. When heated with 
glacial acetic acid and left for some weeks, a solu- alc^^iiol or water to ISO ' it yields benzil and hydro- 
tioti is obtained which by spontaneous ovupora- chloric acid. Zinc and hydrochloric acid, acting 
tion deposits lustrouscrystals of on an alcaholio solution, convert the compound 
0«Ut.C(OH).CONH,,llBr into deoxybenzoin ; acetic acid and zinc-dust re- 
mide hydrobromide 1 duceitfirsttodeoxybenzom.audflnallytostil- 

C.Hj.CtOH). CON 11.2 bene. PCI* at 200° replaces the remaining oxygen 
[185°] and these, when dccompo.scd by ammo- atom by 01^ yielding tolane tetrachloride, 
uia, yield the free di-phenyldartramide. V. sol. (Zinin, A. 119, 177 ; J. 1880, 614; A, 

idoohol, v. si. sol. ether (Burton, B. 16, 2232). 149, 374). 

Pare benzil dihydrooyanide is not hydrolysed Isobeniil.— -1. A substance having the some 

by Qono. hydroohlorio acid, but when an ^co- composition as benzil is obtained by acting with 
oolic solution ot benzil, to which an excess of i sodium amalgam on a solution of bentoyl 



171). Qxdiiuury MuU it tormod M tha tame oiom mdilj andmtood if tht laiQliimi 
tinM (Klinger, R, 16, 995). Isobeniil formi Utter eUts are desoribed first 
eoUnrlew tabular monooUnio orystala, also las- |Bkaotiok8 or Bikiu with Aldebdoii awa. 
treoJi laminn or needles [146®-156*J, sol. alcohol. 

ether and CS» It is probably a polymeride of Equation I. (viia Beniil giree no 

bensil, for when treated with bromine it yields i lections according to this equation so long aa 
benail (1 mol.) and benzoyl bromide (2 mols.) : j fre^ aldehydes are used, but with nosoen/ben- 
CyiH^O, + lir, ~ C,JI„0; + ‘dC^Hj.COBr. Heated . zoic aldehyde, produced by the decomposition 
wtth alcoholic potash it gives the violet coloura- | of a portion of tho benzil, it reacts according to 
tion of beuzil and is converted into bcnzilic acid j this equation, yielding hfifuilatn, 02 ,H|,N 0 (t^sds 
together with a small (]uantity of benzoic acid J infra). In tho case of some other dtoarbonyl* 
|KliDgcr, loc. cit.\ alsoly. 19, 18C2).— 2. By heat- j compounds, however. such as phenunthraquinono 
ingb^zoic alddiyde with Bo<lium amalgam in an I (q.v.). this reaction occurs with various free 


atmosphere of C(\., Alexi'ef (.4 . 129, 317) obtained 
an oil (314^ approx.) to which he assigned the 
formula 8.0. - 1*104 (approx.). 

b*. B. J. 

BEHZIL, AMHONIA.DERIVATIVES OF. 

There are four general reactions known, accord- 
ing to which oont])ounds oouttiining tho dicar- 
bonyl-group —CO.GO — form condensation-com- 
pounds with aldehydes and ammonia jointly. 
As a knowledge of tlieso reactions is necessary 
to an understanding not only of the bcliaviour 
of benzil with aldtdiydes and ammonia, but also 
of that of bcnzil with ammonia alone, the gene- 
ral equations for these reactions will bo in- 
troduced at this stage. In the following equa- 
tions X' stands for the monad hydrocarbon -radi- 
cle of tho dicarbonyl-compound, and for the 
monad bydrooarbon-radiclo of tho aldohyde : 

X'.CO 

t 1 4il'.CII0 fNIl,- 
X'.CO 
X'.C -Ov 

I! >C.K' + 2H,0. 

X'.C-N'^ 

X'.CO 

n. 1 +ii'.cii0 4 2Nn,- 

X'.CO 

X'.C NIL 

11 >C.1V + 811,0. 

X'.C — 

X'.CO 

m. I +2R'.CHO + 2NII,* 

X'.CO 

R'.CII.NH.CO.X' 

I 4 2H.,0. 

R'.CII.NH.CO.X' 

Hero tlie dicarbonyl-compound is broken up 
into two halves, whilst tho two aldchydo-groups ■ 
become directly united. Lastly : 

X'.CO 

IV. 2 I 4R'.CH0 + 2NH,- 
X'.CO 

C,H,N,X',R0,4 2HA 

The oonstituiion of the com pounds of the j 
Inst-mentioned type is unknown (Japp a. Streat- ; 
fmld, C. /. 49, 15.'>; Japp a. Hooker, C. /. 
45 , 678 ; Japp a. Wynne, C. J. 49, 464). 

It will Iw shown later on, ihat in the 
reactions of benzil with ammonia a part of tho 
benail is first broken up with formation of 
henaaifi acid and benzoic aldehyde, which latter 
tl^ takes part, together with benzil and 
simnnnia, in the final reaction. The benail- 
^monU reaetiona are therefore in reality 


' aldehydes. 

Equation JJ. —Benzil reacts according to 
this equation with formic aldehyde^ acetic aide* 
hyde, isovaleric aldehyde, glyoxal, heneoio aide* 
hyde (free), and p-oxyletuoic aldehyde. The 
compounds form^ are derivatives of gly- 
CU-NHv 

oxalino }| ^CII. 

CH — 

Thus when benzil and formic aldehyde are 
j warmed with ammonia in iilcnlmlio sidutiou at 
i about 40'^ diphenidylyoxaline is formed: 

o,H,.cd 

I I H.CU0 4 2N1I,*. 

c,ri,.co 

0,n,.0— NIL 

|j NCil 4 8IL0. [Tho excess of aleo* 

o,n*.c - N'^ 

hoi and ammonia is expelled by heating; the 
base i« extracted with dilute hyaroclilorio acid, 
precipitated with ammonia, and crystallised 
from hot alcohol. It seqtarates from hot alcohol 
on cooling in long oblique crystals (inonpsym- 
inotric), e;id from cold alcohol by evaporation 
in short i’»slrou8 crystals (also monosymmotrio, 
but not referable to the same parameters). 
(227«'J. Moniicid base. (0„il„N„HCl).„PtCL : 
pale-yellow, amorphous precipitate, speodily 
clianging into microsoopio flat noodles (Japp, 
C. J. 61, 6.'>8)], - When acetic aldeh/yde Is 
substituted for formic aldehyde in the f6re> 
going reaction, methyldiphenyMyoxalinet 
C.H,.0-NH. 

i| ^C.CHa, is formed, f Orthorhombio 

O.H,.C — 

crystals [285°j, jg sol. ether and hot alcohol. 
(C„H„N„HCl)„PtCl,2aq : yellow tnicroscopio 
needles (Japp a. Wynne)]. Tho baso forms a 
molecular compound with di phony Iglyoxalinc 
(J.)]. Benzil, isovaleric aldehyde, and ammo* 
nia yield isohutyldiphetijltuyox^inet 
0.n,.C-NH. 

It >C.CH,.CH(C11J,. [Needloi 
Cjly(’— — N*^ 

[223’j, sol. hot benzene and alcohol, 
(C„U,,N„HCi)^PtU, : amorphous yellowish* 
brown precipitate, or small crystals (J.a.W,).3 
Qlyoxal, as a dialdehydo, reacts with twice tMr. 
proportion of benzil and ammonia, forming 
teiraphenylgly cosine, 

OJEI,.C-NHv >NH-C.C.H, 

C.H.C-~N^ acA 

alcohol in tufts of silky needles of the formnhl 
C„^,N„GAO. MelU above 800<’. Fcshl/ 
basic (Japp a. Clemiosbaw, 0. J, 51, fifiSn* 
Benzil, bemoic aidchydci ond ammonia yiM 

un 



Iqp&it- ‘ ’ I ^ > mojat 
OA*C— 

Jl* 15, 1498). In a similar manner j^y- 
UiwAo aldehyde gives p^oxylqpMne, i ^ 
.CLS|.0 "“NHv 

8 ^O.O.H*(OH). [Tufts of coloiy. 

less needles [254®-265°], v. sol. hot alcohol, sol. 
oanstio soda, forming a sodium compound. 
Heated with acetioianhydride, it forms a tnoH> 
acetyl - derivative Oj,H,i(CaH»0)NjO [229®] ; 
needles, with a faint satiny lustre, sol. hot alco- 
hol. Distilled with zinc-dust, jp-6xylophino 
is converted into lophine (Japp a. Bobinson, 
O./.dl, 826)1. 

Equation IIL—UlviBttAiionB of this equation 
are to be found in the reactions of salicylic 
aldehyde and furfuraldehyde (pyromucio alde- 
hyde) with Mnzil and ammonia. Cinnatnic 
emehyde also reacts according to this equation ; 
but in this case another reaction, according to 
Equation IV., occurs simultaneously. 

Thus when equal weights of salicylic alde- 
hyde and bonzil are dissolved in warm alcohol 
and the liquid is saturated with gaseous am- 
monia, the condensation compound dibemoyl- 
dioxystilbene-diamine scparati's as a crystal- 
line powder : 

CO.CJI, 

9C.H,(On).CHO+ 1 -^2NH,- 

CO.CJI, 

0,H,(OH).CH.NH.CO.C.1I, 

I +2H,0. 

0,H,(0H).0H.NH.C0.0,H» 

[It is purifi^ by dissolving it in boiling phenol 
and precipitating with alcohol. Microscopic 
nlates, molting with decomposition above 300®, 
IdsoI. in the ordinary organic solventj^ sol. boil- 
ing phenol, sol. caustic soda, forming a sodium 
compound. By fusion with camtic soda it yinhis 
■odium benzoate and sodium salicylate. Heated 
with dilute hydrochloric acid at 210® it is 
hydrolysed into benzoic a(ud and dioxystilbcnc- 

* r 0,n*(OII).CIl.Nir, 

diamine I ; small lustrous 

0,H.(0H).CH.NII, 

{paninis [180‘o®j, v. sol. hot benzene; di-aoid 
base: the Ft salt, 0„U,,N,0„2IICl,PtCh4aq 
lorms thick, orange-coloured, rhomboMal plates 
with bevelled eiigos, anhydrous at 190®. This 
base is, however, more readily obtained from its 
aoetyl-derivative {infra). When the condensa- 
tion-compound is boiled with acetic anhydHde 
antU it diasohhr^^dibensoyl-diaeeUxei/sttlbmti- 
C,H,(O.OAO);CH NH(C,H,0) 
Itamiae ) is 

0,H,(0.0,^,0).OH.NH(C,H,0) 
Ibimed (rhomboidal laminaD [225 >227®], sol. 
KMtio acid) ; and by boiling this compound for 
light hours with acetic anhydride the bon- 
leyhgroups are replaced by acetyl-groups 
fielding diacetyl • diaeehxysHlbene-diamine 
C,H,(O.OAO).OH.NH(0»H,0) 

• I (prisms 

C,H,(O.O.H,0).OH.NH(OJI,0) 

iol. glacial acetic acid and alcohol, 
i^^ted from latter solvent with 1 mol. of 
leohol of crystallisation). This compound it 
Mra-aoetyl derivative of the above-mentioned 
Ey the action of caustic alkali or cono* 


may bo imaoebi & fo«< 
[ding first dia^lduMey 
I^4(0H).0H.NH(0^,0) 
stilhene-diamine | (cgn. 

0,H,(0H).CH.NH(Cjat,0) 

talline powder melting above 800®, ioL hot 
phenol, sol. caustic alkalis), and finally dioxy- 
stilbene diamine. The latter base is most oon* 
venicntly prepared by heating the tetra-aoetyl 
compound with cone. hydrocUorio acid at 120®. 

I By beating the condensation-compound with 
I benzoio anhydride a dibenzoyl derivative, 

' corresponding with the diaoetyl derivative is 
obtained ; it is a tetra-benzoyl derivative 
0,H,(O.C,H,0).CH.NH(0,H;0) 
of the base, thus: | , 

0,H,(0.0,H«0).CH.NH(0,H,0) 
Microscopic plates [246®-248®], sol. acetic acidf 
sol. dilute caustic potash on long boiling, re- 
generating the condensation-compound. These 
various acetyl and benzeyl derivatives may also 
bo synthesised from diozystilbenc-diamino by 
treatment with acetic anhydride and benzoic 
anhydride. The dibenzoyl derivative thus pre- 
pared is identical with the original condensation- 
compound (Japp a. Hooker)]. 

Bonzil, furfuraldehyde, and ammonia also 
react according to Equation III. ; 

C,*HjA <-2C,HA+ 2NH,=-C,.1I«,NA + 2H,0, 
forming, however, tiro isomeric compounds of 
the formula One of these is an 

analogue of tliu salicyiio aldehyde compound ; 
it is separated by moans of its insolubility in 
alcohol, and purified by dissolving in boiling 
phenol and precipitating with alcohol. Crystal- 
line powder, V. sol. hot phenol, si. sol. glacial 
acetic acid. The isomeric compound crystallises 
from alcohol in tufta of silky needles [246®] 

(J. a. H.). 

When cinnamic aldehyde, bonzil, and am- 
monia ore allowed to react in alcoholic solution, . 
a mixture of two compounds is obtained, i^il- 
ing alcohol extracts one of these, and the re- 
; niaining compound, which is insoluble in 
; alcohol, is purified by dissolving in hot phenol 
' and precipitating with alcohol. The oompotmd 
soluble in alooliol is cinnimabenzil, G„HmNA 
■ [infra). The compound insoluble in ^ooholis 
dihenzoyl-dicinnamylene-diamine and is formed 
according to Eriimtion III. : 

OA.CO 

2C,.H,.CIl;CII.CnO+ I -h2NIL« 
CJI,.CO 

C,Hj.CH;CH,CH.NIl.CO.CJI, 

! +2HA . 

C,Hj.CH:CH.CH.KU.CO.CJIi / 

I Crystalline powder, consisting of short miere- 
I sc^io prisms* [264®], insol, in the ordinary ^ 

' organio menstrua, sol. hot phenol. WhenheatM 
I with asofution of potashin methyl alcohol at 150^ " - 
it parts with the elements of benzoio acid and 
converted into ben^vnyl-diannomy/ene-diamifis, 
C^,.CH:CH.CH-NHv 

•I >C.CA. Silky needlsf,-:^^ 
O.H|.CH;CH.CH^K'^ 

[223®], sol. benzene and alcohol. Monacid basa; 

Ft sail, (C«HL^,.HCl)„FtCl/2aq, forms 
needles. 

Ey;uation JF.— The abovs-msnlioiisd j 
prodaci of the tropefioo qf ohuuun* 



« 1 +O.H*.OH:CH.CHO + aNH,- 

^ OA-CO C„H,*N,0, + 8HA 

.^f^jtteUiBes from hot alcohol in two forms — 
.:;|)tt)der needles and minute short priaius [188 j, 

^ aoL bemene. A solution of potash in inetliyl 
aloohol, when allowed to act upon it in the 
eold, forms potassium ben 20 Ate and citmidima- 
bmnl, 

C„H^N,0, + KOH - C„a,,N,0, + 0 Ji,.COOK. 
CrTstalline powder [283'*], sol. hot phenol, pro* 
eipitated by alcohol. By boiling cinnimab^nxil 
with dilute acta it is hydrolysed, yield- 

ing benaiiimide (tn/ra), cinnamic aldehyde, bon* 
1010 acid, and ammonia : C„H,,.Nj,0, + 21 LO - 
^i H|tNO, + CgHjO + C,II„0, + N JJ, (Japp and 

Wynne). 

BxionoNs OF Brxzil wnu Ammonia alone.— 
Laurent, Bevus ScUnt 10, 122; 10, 440; Zinin, 
A. 84, lUO; Zincke, B. IG, BOO; Japp, B. IG, 
2636 ; Henius, A. 22rt, 839 ; Japp a. Wynne, 
a J. 49, 473. 

By beating benzil with alcoholic ammonia 
the following compounds arc obtained: tmo- 
bcncti, C,J1,,N .(), ; bentilimide^ C 2 ,II,,NO;.; : 
bouifam, and hm/iine, C„li„Nj. At 

the same time benzoic acid, cthylic benzoate, i 
and benzamido arc formed. This reaction was { 
first studied by I«auront, who prepared the first | 
three of the above-mentioned compounds, ascri* ! 
bing to them, however, incorrect formulie. I 

Benzil is dissolved in alcohol so that the 
solution is saturated at dO’’ ; gaseous ammonia 
is passed into the warm liquid to saturation, 
and the whole is allowed to stand for 24 hours. 
Prismatic crystals of iniab^mil are deposited, 
whilst benzilimide, benzilam, and the other 
compounds above enumerated remain in solution. 
If slender acioular crystals of benzilimide should 
separate they may be removed by warming with 
aloohol, in which imabenzil is soluble only with 
difficulty. The formation of imabenzil mi^ be 
expressed by the equation : 3C|4U,«0, 2Nil, - 
,0, CgHi-COOH HjO. Imabenzil 
forms small lustrous orthorhombic prisms [194'’], 
si. sol. hot alcohol, decomposing on long boiling, 
and yielding among other products benzilimide; 
the best solvent is hot methyl alcohol. Boiled 
with dilute sulphuric acid jl vol. acid : 3 vols. 
water) it is converted into benzilimide, benzil, 
and ammonia : 

-h H,0 - 0„H,,N0, + C„H„0,+ NH, ; 
wnilst cold cone, sulphuric acid dissolves it, 
eonverting it into bcnzi|am, bcnzaldebyde, bon* 

' coin acid, and ammonia : 

CgJBJSJy, + HfOa* * 

?: C«H,^-0 + C,H.0 + C,H,0,+NH, 

^;(jam a. Wynne). The formaUon of' benzilam 
this reaction was first observed by liaorent. 
i^v'Boiling with alcoholic poUuh converts imabenzil 
uito l^nzilimide (Laurent). Acetic add and 
4Cisfie asihydride act like dilute su’phuric acid, 
|4laooinpo«ng it on boiling with formation of 
j^iiiltilnnide and benzil (Henini). Heated tor 
time to 140^ it decomposes and melts, 
fMadag benzilimide, benzilam, and lophine, 
s'; jiibt an odour of bsmoio aldehyde is peroopti* 


ftMsttiim pf ij p ii at io p of ImaU rtiUtiwaW' 
ooooentrated, a mlxton of beaff/iifiiifs and M- 
njowa A similar mixtnre is obtained by hoailof 
^cnsil with alcoholic ammonia for soine hoiui 
lit^ 100^*, the imabenzil which is first form^ 
^'ng converted into benzilimide and benzilam; 
at ISC'* hphine is also formed (Henius). Tho 
formation of lophine occurs according to t|lO 
equation 2CwH,„0, f 2N 1 i , 

C.,H,.N, + CJl,.C00n + 211,0. 
Benzilimide and benzilam arc best soparated l» 
boiling the mixture with light petroleum, wbl£ 
extracts the whole of the l>enzilara, depositing 
it on cooling, in ro.-<“llPs of prisms, and liardlj 
dissolves the benzilimide, which may bo puri* 
fied by crystallisation from hot alcohol. Bsn- 
silimule is formed from benzil and ammonia 
according to the equation — 

20„H„0, + NH, - C„U„NO, + OJI,.COOH, 
Tufts of silky needles [137 -139"’J (II.), sol, 
hot alcohol. Concentrated sulphuric add 
dissolves it in the cold, abstracting the elements 
of water, and ecmvorling it into lienzilam (L.)«/ 
C,,H„NO,-lIyO - 0„H„N0. Heating with 
acetic anhijdruie produces the samo elTeot (H.). 
j Chromic mixture oxidises it to benzoic acid 
(If ). Benzilimide may also bo prepared from 
, iiiiubcnzil by Laurent's method of boiling it with 
j alcoholic potash. 

BcmiUim ((.’.iHi.NO) may be obtained as 
above, along with benzilimide, and separated 
from it as already described, or it may ba 
obtaincil either from imabenzil or from bonsUi* 
nhde, by the action of cold cone, sulphuric acid> 
The solution of imabenzil in the cold acid is 
poured into water, when benzilam separates and 
may bo purified by rocrystallisation from alCohoU 
Mostrea ily obtained by heating benzil with fused 
{.mmonium acetate in a flask over a flame until 
the ammonium salt is volatilise d (Japp a. Wilson, 
C. J. 49, 829, footnote) ; but as some lophine 
is formed at the same time, the benzilam must 
bo extracted by means of hot light petroleum, 
in which the lophine is practically insolublii 
The formation of benzilam from bonzil au 
ammonia may be expressed thus ; 

2C„H.,0, + NH, - C„H„NO + C.H.COOU + H,p. 
Well-developed rhombic prisms (from a mixtute 
of ether and aloohol by spontaneous evapora*. 
tion (H.)); oolourTcss when pure; thin lustrooi' 
iaminir, sometimes iridesieont, (from hot aloo* 
hoi); rosettes of prisms (from hot light petie^ 
Icum). [113'’-] 14°]. Distils at a high tempSdMkV, 
turo without decompositiri (L.,. V.D. (air«}l^ 
10'23 : calculated 10*28 (J.). With nitric oCmV: 
it yields a mono-nitro- derivative (aeedlto;! 
[178^-182°] from I unzenc) and a dinitro* dsfi^^ 
vativo (11.^. Chromic mixture ozidisea 1% Uti 
benzoic acid (H.). 

The above reactions of benzil with amnunti^; 
may be explained as follows. In the first pISMNkl 
a portion of the benzil is broken up 
to the following equations : ' 

(a) C,H,.CO.CO.C.H,+ 

OJH,.COOH + C,H,.CHO ; 

Beasoio scid Benxolo sUlthyde 

(8) C„H,.CO.OO.O,H,+EtOH- 
C.H,.COOE4 + OA»CHO< 

BtbjUe btaaoa t e 

. sat':' c 




oKoo.nh,+cCh..cho. 

BMUMinldA 

Theso three compounds— benzoic acid, ethy- 
Uo benzoate, and benzamide — are always forced 
in the reaction of benzil with alcoholic am* 
monia. (The benzamide may also be regarj|cd 
aa having been formed in a secondary reaeticm, 
from ethylio bonzonte and ammonia.) Tho 
benzoic aldehyde, which ia the by-product in 
every case, then reacts, in tho nascent state, 
with benzil and ammonia according to one or 
other of the following efjuations : 

O.Hj.CO 

(d) I +C,II».CHOtNII,- 
CJI.CO 


\ 


O.H,.C- 0 
OA-O-NIl^ 

Beoalllmlilo 


;C(OH).OJl4 + HaO. 


This reaction of an aldehyde with a dicarbonyl* 
compound and ammonia, in which benzilimuU is 

f (reduced, is not known to occur in the case of 
roe aldehydes. 

If tho reaction occurs according to Equation 
I. of tho gffnoral reactions, henzilam is formed : 

ajr,.co 

U) I +O.HyClIO I Nil,* 
CJl,.CO 
CJI,.C (K 

II y.c,n,+ 211,0. 

Uoiizlliim 

These formuliu for ben/dlimido and benzilam 
account for tho rcadimjss with which the former 
is oonvertod into tho latter by the action of de- 
hydrating agents. 

If tho reaction occurs acoording t« Equation 
11., hidunc ia produced : 

CJI,.CO 

(/) I +C,II,.CIIOVJNfX,- 

c,ir,.co 

C,11,.0 - NIL 


C,C,IIj + 311,0. 


c,n,.c - 

ri01)hiiio 

Finally, if it occurs according to Equation IV., 
the product ia imabenz 'd ; , 

0,H,.CO 

(17) a I +C,Ii,.CII0 + 2NH,« 

CJI^.CO C„H,.,N,0, + 2H,0. 

«• liuatKiUSil. 

But free bonzoio aldoli^'de, with benzil and 
ammonia, yields only lopliine. 

Tho foregoing equations express the forma- 
tion of tho various cohipounds obtained from 
benzil with alcoholic ammonia. The reactions 
in which tho complex compounds discovered by 
Laurent are formed thus really occur in two 
stages, of which the first consists in the forma 
tioQ of benzoio aldehyde, the second in a benzil- 


•MdUo i 

(OA)tO(OH).COOKp^, A. 305; Zinia 
A» 81, 83^.->3. By boiling d>phenyl-bomo-aceti( 
acid, (OaHsljOBr.GOOH (obtained bypassing thf 
vapour of bromine over heated diph6nyl-aoeti( 
acid), with baryta water (Symons a. Zinoke, A 
171, 131). 

Preparation.— I, Benzil is added tofivetiraei 
its weight of melted potash to which a little 
water has previouslv been added. The whole 
solidifies, owing to the formation of potassium 
bonzilate (£. Fischer, B. 14, 326 footnote). The 
mass is dissolved in water, and the benzilio acid 
is precipitated by hydrochloric acid and recrystal* 
lised from boiling water.— 2. It can also be pre- 
pared from benzoin. 15 g. benzoin, 20 g. KOH 
and from 250 to 300 o.o. water are heated in a 
current of air until everything has dissolved. 
Tho solution is extracted with other to remove a 
small quantity of diphenyl-carbinol which is 
formed by the decomposition of the benzilio 
acid, and solid caustic ^tash is added. This 
causes the separation of nacreous laminfo of 
potassium benzilate, which are removed by fil* 
{ration, washed with a solution of caustic potash, 
and finally decomposed with sulphuric acid 
(Klinger, D. 19, 1808). 

Pro'/>er/tes.— Small white monoolinio needles 
with a satiny lustre. Heated above its melting- 
point it turns red. Cone. HjSO, colours it deep 
red; the colour disappears on tho addition o! 
water. V. sol. alcohol, ether, and boiling water ; 
si. sol. cold water. Bitter taste. 

licactums.—l. Heated for several hours to 
180'^ it yields a deep-red liquid, and, on cooling, 
solidifies to an amorphous mass, from which, 
by treatment with alcohol, dibenzilic acid 
[196°], benzophenono, and other pro- 
ducts can bo isolated (Jena).— 2. Chrwnic 
mixture oxidises it to oenzophenono : 

(C,H,).C(OH).COOnfO* 

(cX);Co+co,+n,o. 

Benzophenono is also produced when silver 
benzilate is heated, either alone or with water 
(J.).— 3. Heated with hydriodic acid (127°) to 
150^ it is converted into diphenyl-acctic aoia: 
(0,Hj),C(OH).COOH + 2111 - 
(C«H,).:CH.COOH + 1, f H,0. 

Zino and hydruchlurio acid, and sodium amal- 
gam, are without action (J.).— 4. Barium benzi- 
hitc, distilled with Mh of its weight of soda- 
lime, yields diphenyl-carbinol : 

(C,U»),C(OH).COOH - (C*H J,CH.OH + CO, * 
(J.i.— 6. Treated with PCI, it yields benzil 
chloride, C,.Hu0.«01, a heavy, colourless liquid 
(270°), which in contact with moist air is rapidly 
decomposed into benzilio and hydrochlorio aoidla 
(Caiiours, A. 70, 46). 

'■Salts.— Benzilio acid is monobasio. 
C,,H„O^K: V. sol. crystaUine salt (Zinin). — 
(0,.H,,O'3),Ba6aq: v. sol. crystalline ornsU 
'tin a fatty lustre (J.); separates from aleol^ 


aldehyde-ammonia condensation (Japp, B. 16, 
““ ‘ ■ ~ ‘ 9,477). 


in anhydrous needles (Symons a. Zinoke).—* 
(C,|H„0,).Pb: pulverulent precipitate, obtained 
by adding lead acetate to an aqueous solution of 
2686;' Japp a. Wynne, C. J. 49, 47t). " benzilio acid; fuses on heating to a red liquill 

F. R. J. (Zinin).— G,,H,,0,Ag: easily decomposable pra^ 
BEH2IUC ACID 0uH„0,- oipitate (J.). 

4CX*)aC(0H).C00H. Diph«nylgljfcollic aewf. j EV/iyltc CiXijOi-CtH*-. 

(l50°] (Jena). ' as an oil when a solution of brazilio acid itt 

jVnnaffon. — 1. By warming beniil with ^ ethyl aleobol ia saturated with gaseoua BMS aad 



R«l viaoBi 

iifioiTipolitfon (!•)• 

EltyUhmuim acidt isomerio with 

, Hu) ror^ing, U a retmoos subitaoee obtained 
bj heating benzoin in alooholio solution with 
■odinm ethoxide at 150^ Scarcelj soluble in 
potash and ammonia, save in presence oi alcohol 
(Jena a. Limprioht, A. 156, 95). 

Diberuilic acid, Cj,HaO, (IOC'*]. obUined by 
heatinff Iwnzilio acid to 180® (t*. 
orystaUises from alcohol in minute ucedles. It 
is an anhydride, and, by heating with water at 
180®, is converted into benzilio acid (Jena, IS. 
a. 386). F.U.J. 

SZHZILIMIDS V . Bknzil, ammonu-deiii- 

VATITKB or. 


(AflidUlti* £bMsrpi^uiMS» bit' 

heating, 0 (^hSwiof , 

888 ). 

JUEHZO-OUICXDX 0. PlIKNTIi AMIDO-OmCTb 
nfroirs. 

BENZO-FVBILIO ACID v. BxNzrmuLio Aoro. 
IBO-BKHZOOLYCOL i.i». C.HJOH),^?), 
A crystalline sulwlanoo formed by tue 
electrolysis of amixtuicof benzene, alcohol, and 
dilute H,SO, (Ilenanl. C. It. 91, 175). Sol. 
water, alcohol, and ctiu'r. Iteduces Fehling*s 
solution and amnioniacal AgNO,. 

JH-acelyl derivative C,H„(OAc),. [121®]. 
(3(K)'“^). Insiol. water, boI. alcohol and ether. 
Dl-B£NZO*HTDB>OQDINOSrB v. Di-phknta 

ni-OXY-rilKNVLKNK DI-KKT.'NB. 


BENZIlCIDE V. Dknz (•IG ALDEHYOK. 

DI-BENZmiDE OXIDE v, BENzoMiniLE. 

B^ZllCIDO-ACETATE v. Benzonituile, 

Combinnfton 6. 

BElf ZIKIDO-BEHZOATB v, Beszonituile, 

ifsoefton 5. « 

BEHZIMIDO. BUTYL. ETHER o. Ben&i- 
XXTB1L8, Combitiation 5. 

BENZIMIDO. ETHYL. ETHER «. Bknzo. 

NmuLE, Combination 5. 

BENZIMIDO . NAPHTHYLAMIDE o. 

NAPUTHTL-nRKZAVIDIKE. 

BENZO.ANILINE v. Auipo -hknzopuenone. 

BENZO-TRLCHIORIDE C.H.Cl, i.e. 
0.H,.CC1,. Mol. w. 105 6. (214"). S.O, 1-38. 

Formation.— ’1. From benzoyl chloride and 
PCI, (Wohler a. Liebig, /I. 3, 206; HchischkolT 
a. Hosing, C.R. 46, 307 ; Lirnpricht, A. 134, 56 ; 
135, 80; ISl, 1806, it. 408). — 2. From benzyli. 
•dene chloride by chlorination (Cahours, C. Jt. 
50, 703).--3. By chlorination of toluene (Naquet, 
0. R. 66, 407 ; 66, 482). 

Pre/widfion.— By passing chlorine (B mols.) 
into cold toluene (1 mol.) oxpoi.crd to direct 
sunshine (Schramm, B. 18, 608) or into boiling 
toluene. 

Projvrfics.— Pungent liquid, insol. water, 
which slowly converts it into ben/oic acid (Iho 
change is rapid at 140®). Alcohol at 130® forms 
benzoic ether. 

Jieactums. — 1. S<\lium has no action,—- 
2. Ag,Oforni8bc*nzoicanhytlridc. - 3. A<iucomam- 
nunxia at 140® gives benzoio acid, benzamide, and 
benzonitrilc, reacting thus: 0,H,CC1, 4 4N11, »■ 
8NH4CI + C,Hj,CN. — 4. Anilhic forms di-phenyl- 
ben2amidine,CJI,C(NC,Kj).NHC.,H,,— 5. lUjoctfr 
with aromatic bases thus; C.H,CCl, + 2C,n.NXY 
- CACCl(C,H,NXy), + 2HCI - 

+ 2HC1 * 

1 I 

forms the carbinol C,H,C(OH)(CJI,NXY)^ The 
reaction requires presence of a gicUllio chloride 
or other condensing agent ; it takea place most 
easily with tertiary bases, least readily with 
prpory bases. The products are dyes, the 
printary bases giving violet, the secondary 
and tertiary green, colourg.~-6. It acts simi- 
larly on phenols. C.H».CClg + 2C,H,OfI - 
2HCl + O.HtCCl(C4H,OH)r, The products are 
ooOTttted by treatment with water into oarbinols 
(VEI^CfOHhCJSfOH)^ the alkaline salts of which 
avt oolonrmg matters (Doebner, A. 217, 226).— 

Oonverted by heating with dry oxalic acid, 
foit into Ph.CO.Cl, then into (Ph.CO),0) 


BENZOIC ACID C,H„0. i.«. 0,11^.00^^ 
Mol. w. 122. [121*4®] (Scliifl). (219*2 oor.) 

(Kopp, A. 94, 303). S.G. at 1*20 (Mendel6efT) ; 
1*337 (Utidorir, B. 12, 260) ; 1*292 (SohrOder, JB. 
12, 662). S. •160 at 0® (Gst, J. (2] 17, 232) j 
•172 at 0®; -207 at 10®; -425 at 81®; 1*78 at 
76® (Bourgoin, J. Ph. [4] ;U), 188). S. (e'thor) 60 
at 15®. S. (alcohol) 47 at 16® (Bourgoin, Bl. [2] 

29, 245). H.F. 91,6.m; 1 (Stohniann, J. pr. [2J 

30, 2). H.V. 126 (Bamsay). S.V.8. 112*09 

(S.). 61*21 (in a 6 p.o. bonzujie solution, 

KunoiinikoiT). 

Occurrence,— In varicum rosins, e y. gum ben* 
zoin, dragon's blood, storax, an<l balaains of 
Peru and Tolu (Blaiso tie Vigonthe, Trniti du 
feu et du .^el, 1608 ; Liebig a. WidihT, A. 3, 249). 
In casloreum (Wohler, A. 67, 3(»o), in the 
spindle-treo {Kuonyvius eur(>p(rns). In putrid 
urine (Liebig, A. 60, 16H). In (snuiborries 
(Loew, J. pr. j*2J 19, 312). In thn higher boiling 
phenolic portion of coaMar oils (Scliulze, B, 
18, 016). 

Fornmthn . — 1. By oxidation of !)enzoio al* 
dehyde, b#nzyl alcohol, toluene, cinnamic acid, 
d*c. — 2. In Binull quantity, by jiasHing a current 
of dry CO,, througli a nearly boiling mixture of 
aluminium ohlorulo and ben/.enu (Friedel a. 
Crafts, C. Ji. 80, 1368). — 8. In Hinall quantity, 
by the nclioii of li.SO, and MnO., on benzene, 
especially when formic acid is abided (Carius, A, 
148,61,69). -4.By distil ling calcic j))itlmlijtu with 
limo (Dcpouilly, Bl. [2J 3, 103, 469). -5. By the 
action of HjSO, and MnO, on cusem or gelatin 
(Ouckelberger, A. 64, 80).— C. By fiiKing potas* 
siutn bett^eno sulphonato with sodium formata 
(V. Moyer, B, 3, 112).— 7. From bcn/onitrilo by 
saponilication.— 8. Bypassing CO^ i«»to sodium 
in bromo-benzeno (KekuI6, A. 1.37, 129). 

J*reparaiion. — 1. guyi benzoin by 

sublimation or by jj^tna ting with limowater or 
acetic acid (Mohr, A. 29, 178; Hclnwile, C^ac. 
2, 23; Wohler, A. f'f, 245; Loew, J. pr. 108. 
267 ; Guichard, Bl. [2] 19, 357). Some varietici 
of gum benzoin contain cinnamic acid, but thii 
acid is absent from the benzoin of Siam or 
the Palembang besnzom from Sumatra; iha 
latter yields 10 p.c. benzoic acid (Saalfeld, Ar» 
Ph. fB] 16, 284j). Benzoic acid that has been 
sublimed from gum benzoin leaves a small 
quantity of oily residue when treated with 
a^{ueou8 Na^CO, ; this oil consists of gualaool^- 
methyl benzoate, pyrocatechin, acetyl gnaiaeol, 
benzyl benzoate, benzophenone, and benzoylr 
guaiacol (Jacobsen, Ar. Ph. [8] 22, 806)«-*» 
2. From hippurie acid* Urine of horses Of 



ire 

^ Ibr to flw 

bipporio abid i« apUt up into gltcobo^ and ben- 
able ooid ; milk pi lime is added and the liquid 
concentrated; excess of lime is ppd. b^ CO^, 
and the filtrate ppd. by FeXl„; the ferric btjn- 
soato is decompoao<l by HCl. Benzoic acid 
prepared in tliis way crystaliiscfi in plates and 
smells of urine, but by Hublimation it may be frefed 
from the smell and then crystallises in needles 
(Dyniond, Pit. [U] 14, 4(i3).--3. From benzo- 
tricliloride by docornposinir it with water 
under pressure, with lime or baryta-water, or 
with /iiCI,. and ^jlacial liOAc (2 tnols.) at 100'* 
(Jacobsen, //. 13, 2013). -4. From benzyl chlo- 
ride by bnilini^ with <liUite llNOj (lainge a. 
Petri, n. 10, 1270 ; if. y. Bad, Jj. P. J. 231, 
538). 

ProjM‘rtii‘.*(. -Needles or pearly plates. When 
pure it do«<s not mtdt under water, but slight 
impurities greatly affect its physical properties; 
the so-called salylic acid was impure benzoio 
acid (Kolbe a. Lautemann, A. lir>, 187 ; Keltulo, 
A, 117, ini); (iriess, A. 117, 31; Beicheiibach 
0. Beilstoin, A. 132, 301); Kolbe, J. pr. [2J 12, 
161). Voliililo with Bleam (1 g. passing over 
with about 2,000 c.c. water). It dissolves in 
cone. H .SO,, and is repptl. by water. It is not 
attacked by boiling dilute UNO, or CrO., (which 
convert cinnamic aeid into benzoic aldehyde) ; 
its neutral salts give Ji buff-coloured pp. with 
Fe,(Jl«. 

Jtmetums.- 1. Passagiiof the vai)our through 
a rcd liot tithe gives Co. aud benzene.— -2. JD/.s- 
tillaiion vdtlilime produces benz«*ne. — 3. Fusion 
witli NuOll produces benzene (7 #5 p.c. of the 
theoretical uinouiU) aud a little diphenyl (Barth 
a. Senhofer, /). 12, 12"i0). ~4. Fusion with KOII 
produces chiefly p oxy-benzoic acid, but also o- 
aud m- oxy-benzoio acids, oxy-iso-phtlalio acid, 
diphenyl o-, m-, aud />- carboxylic rci«w, and a 
brown amorplious Kubstanco (Barth a. Schreder, 
^f. 3, 701)). -6. MiiO.; and H,SO, form CO.,, 
formic acid, and small quantities of phthalic 
and torophllialic acids (Carius, A. 118, r>0; 
Oudemans, /?. [2J 5, 81). — 6. Jhj'lrojcn in'roride 
and produce salicylic acid (Ilanriot, C. H. 

102, 12r»0). - 7. Vaponr.s of benzoio acid pass<‘d 
over heatc'd cinc-dnst form benzoic aldehyde 
(Baeyor, A. 1 tO, 21).">).— 8. tiodiinn amahjam 
reduces it to benzyl alcohol, ami benzoloio aeid 
CJI.A.tvnd an oil CHHid), (Kvlbe, A. 118, 122 ; 
Hermann, A. 132, 7o).--2. PCl^ furm§ benzoyl 
chloride. — 10. Distillation with KSCN or 
Pb(SCN).j gives benzonitrile. — 11. Bcmcne and 
at 11)0® give benzopbenono (Kollarits a. 
Morz, B. 5,4 17).— 12. 'OitttcUiylattilhie P,0, 
give C„Il,.CO.C,,lI,.N]\re.i fO. i- ischer, B. 10 , 0 08 ). 
' 13. Chlorine produces chlofo-bonzoio acids. — 
14. Bromine forma bresno-benzoic aoids. —15. 
Iodine in prescuco of 1110, forms iodobeuzoic 
acid. —10. Cone. UNO, forms m-nitro*benzoic 
acid.- -17. Fuming II, SO^ forms sulphobenzoic 
aoid. — 18. In the anirtalortjaiiBht it is converged 
into hippuric acid and excreted in the urine 
(W’ohler).— 19. Cr^P* forma di-lluoro-bcnzoic 
aoid (Jackson a. Hartshorn, B. 18 , 1093). 

Salta. — Benzoic acid decomposes car- 
bonates, but an alooliolio solution of potassium 
benzoab' is decomposed by CO^ Calcium ben- 
inate givi's on distillation benzophenone, aud 
iiuallor quautitics of benzene, anthraquinone, 


aird i6tir»-pluaj2*iBilhaa« (KekuU n/fniitoU. 
uiont, B. 5, 909). Calolam benzoate distilled 
with oalcium formate ^ves benzqte idd^yde, 
Potassium benzoate distilled alone or with 
sodium formate gives terephthaBo and iso* 
phthalic acids (Richter, B. 0, 870 ; Conrad, B. 
i 0, 1395). Cupric benzoate gives on distillation 
j benzene, benzoio acid, di-phenyl oxide Ph.p, 

I phenyl benzoate PhOBz, and phenol (List 
a. Limpricht, A. 90, 190). Cyanogen bro- 
mide nets upon potassium benzoate thus : 
j Ph.CO.,K + CNBr = Ph.CN + CO, KBr (Cahours, 

I A. Ch. [3] 52, 201). Potassium benzoate when 
i electrolysed gives K and benzoic anhydride ; 
in presence of excess of KOH acetylene is also 
formed (Bourgoin, [2] 4, 50C). 
i AljA s(OH),aq : crystals (Sestini, Cicognani, 
a. Zuvatti,Bi.i2]13,488).— NII,A': deliquescent; 

: on distillation it gives benzonitrile. — NH,HA',.— 

I BaA'j2aq. — CdA'2 2aq. — CaA'j3aq: S. 3’6. — 
CeA'.j,3aq. — CoA'.,2aq. — CuA'/2aq : needles. — ‘ 
! CrA'.,a:aq.~CrA',iaq.-Cr,V,(On),2aq (Scliiff, 

I A. 124, 109).— Fe.,A',(OIlfa(Jaq: biilt-eolonred pp. 

' — LaA',,3aq. — PbA'.,aq : plate.s.— Pb.V./2PbO.— 
Mg.V., 3aq; S. 4*5 at 25®. — MnA',, 4aq : large 
fiat prisms, S. 0-55 at 15® (Soubert, B. 20, 791). 
- llgA'., aq.-IIg,.V,. — NiA', 3a.i. — ICA' 3aq.-. 

: AgA' : S. (alcohol) *5 at 20®. — NaA'aq. — 
ijnA'.,aq.— ZnA',. 

Methyl ether C„H.,CO,,Mo. Mol. w. 130. 
(199®) (Kopp); (19.5’5) at 708 mm. (Stoliniann, 
J.pr. [2j 30, 4). S.G. -1-’ 1-10 (Kopp); 

(Briihl). S.V.119-8(Bam8ay). S.H.-303-f 00075f. 

I H.P. 84,024 (S.). PS 15280. R » 61-30 (B.). 

I Formed by distilling wood spirit (1 pt.), ben- 
zoic acid (2 pts.), and 1J,S04 (2 pts.) (Dumas 
a. IVligot, A. Ch. [2] 58, .50; Malaguti, A. Ch* 

; [2J 70, 387; Carius, A. 110, 210). 
i Ethyl ether C,.II,.C(),l':t. Mol. w. 1.50. 
V.D. 5-53 fculc. 5-2) (f roost, C. It. 89, 851). 
(2U-2® cor!) (Liimenuinn, A. 100, 208); (211*4®) 
(Stohmann, J. yr. [2] 30, 4). S.G. 1*0473 
(Briihl) ; 1*050 (L.). S.H. *374 + *00075^ 

(B. SehilT, A. 231, 300). H.F. 91,093 (St.). 
PS 1-517 (B.). R 00 08-82 (B.). Formed by 
! saturating a solution of benzoio acid (3 pts.) in 
aleehol (2 pts.) with ITCl and distilling the 
litpiid. Converted by Br at 270® into benzoio 
acid and ethylene bromide (Naumaun, A. 133, 
199). Forms crystalline compounds with 
titaniodilorido: B'zOFlTiCl,.- BzOKt2TiCl4.— 
i Tiri,2Bz()l-;t(Dpmarvay, C. li. 70, 1414), and 
witli aluminium chloride: BzObBAlCl, (Ous- 
t'ivson, B. 13, 157; Schcelc, Opusrnla, 2, 141; 
i Dumas a. Bonllay, A. Ch. [2] 87, 20; Wohler a. 
Lieliig, A. 3, 274 ; IVville, A. Ch. [3] ,3, 188). 

BropyZ cf 5cr C.II-CG.Pr. (230®). S.G. 4i 
j 1 032 (L.); i- 1 025 (S*.). il.F. 98,990 (Stoh- 
; maim, /. pr. [‘A .’iO. 4), S.II. *383 + -OOOTSf 
(Schor. A. 2.31, .TOO). 

j Isopriipyl ether CJI.,CO,Pr. (318®), 
i S.G. 2 1*023 (Silva. Bl. 12, 2*25). According to 
j Linncmann (.4. 161, 51) the ether splits upon 
distillation into propylene and btmzoio acid. 

n-B/f f i/f c/Aer C^UyCOjC^H^. (247*3 cor.), 
S.G. 100. • 

Isohtityl ether. (2.34°) at 755 mm. 
S.G. ^ 1*002. H.F. 105,628 (St.). 

Isoamyl ether CjHj.COaCjH,,, Mol. vr* 
193. (261®) (Kopp,i4. 94, 311); (253®) (Stelic 
mann, J. pr. [2] 36, 4). Vi). 6*71 (cate. 6*^ 



m. ijmm (su, ^ 

JfoddMi by beatfng emyl benxoato with iso* 
amyl alcohol at 280^ for 60 honn (Friodcl a. 
Omfts. Bl. [3] 2, 100). 

Oetyl ether C*H,.CO.CJI,,. (300^) (Zincke, 
A. 162, 7). 

Deeyl ether C.H,.COX,„H,j. (over 280") 
(Borotiin, J. l8Gi, 33N), 

Celt/l ether CJl'.CO.CJI,y [301 (Bicker, 
A, 102, 221). 

Allyl ether CJI,CO,C.ll>- 
A* 96, 302); (2:i0 ) (luTllielot a. dc Luca, .1. 
100, 860); (2^U ) (Cuhoura a. Jlufimuin, A. 
102, 297). 

Ethylene elhcr iCJl^.CO [07^\ 

(860°). 

Propylene ether (C.lI,.CO,)/lir, [721. 
(800°). 

Uoam iflcnc ether (C.r^COJAHia-fl^ai 
iMayer, ///. [2; 2, 

Other ethers <if benr.oio acid are described 
as benzoyl derivati\o. of the liydroxylic com- 
poonds from wliich they may bo derived. 

Ileferences. — V. also Aldkh ydo-, Auiik)*, Itito- 

MO-, BkoMO.IMIDO-, IhViMO-.MTUO-, llUOMO-NITHO- 
oxt-,llnoMO-oxY-, Butyl-, CiiLoiio., CuLono-ioi>4»., 
CllI/ntO-OXY-, CyANO-, Fm-OR.>-, I.IIXOI.XY-, 

NiTno-.NrrBo-BnrYL-, Nnuu uXY-,NiTiui.i'i:.'i'YL-, 
OXY-, SULPnO-, DKN 2 C*I 0 *cn>. 

Orthobonioic acid C,H,.C(OH),. J)en:eniil 
alcoluA. 

Ethyl ether (220^ 22.'4 ). 

Fro’u bonzotric!ilori«lo and NulUit at B>0 
(Limpriclit, A. 135, 87). 

Tri^acctyl derivative. CJI^ClOAe),. 
From CJlj.CCil, and At^OAc. Bvudily splits up 
into Ac..O and C,lljC().0.\.o. 

Salpbinide of ..enioio acid v, 1mii>k of hul- 

PHODK.NZi' 0 *.cn). 

BENZOIC ALDEHYDE C JI,0 ie. 
Dentaldehyde. Oil of bitU r almonds. Mol. w. 
106. (1791. S.G.»:;M'0155 (Briil.l); V l or,Oi 
(Mendel^cll, J. 1800, 7). ». *33 (Fhb.ki^'cr, 

J, 1875, 182). 1-5021. U 5105 (B.). 

H.F. 23,251 (Stobuiann, J.pr. [2] 30, .3). 

— 1. From ulnmnda {q. t,’.).— 
2. By oxidation of benzyl alcohol (Cannizzaro, 
A. 88, 130), cinnamic aciil (DurnaH a. i'cdigot, A. 
14, 50), and proleids (Guckelberger, A. 01, 00, 
72, 86). -2. By boiling benzyl ch.orido with 
water and nitrate of lead (Lauth a. (irimaux, A. 
143, 80), nitrate of copixo-, or sodium nilruhs. ■ 
8. By heating bcnzylidcno chloride with water 
or alkalis (Cahoura, C. li. 56, 222). -4. By mix- 
ing bonzylidene chloride with cone. Ji^SO,, 
diluting, and di.stilling (Opponhoim, Z. [2] b, 1 1 1 ). 
6. By passing vapour of benzoic or phtlialic 
acid overheated zino-duht (Baeycr, A. 110,295). 
6. By reducing benzoic acid wRh Si»Clj {DftKart, 
/. 1802, 203), or sodium amalgam in slightly 
acid solution (Kolbo, A. 118, 122).— 7. By dj.s- 
tilling calciom benzoate with calcium formate 
(Piria, A. 100, 104).— 8. From benzyliilcrie chlo- 
ride and silver oxalate (Golowkinsky, J .111, 2.52) 
or potassium carbonate (Meunier, fJl. [2] 38, 159). 
, 9. I^m toluene by successive treatment with 
OrOtCU and water (Etard, C. B. 90, 534).— 
10. From benzvUdene chloride, acetic acid, and 
£iiGL: Ph.CHCl,-^CH,.CO,H- 

«i.CHO^CH,COCl + HCL 


Jp yf Bta ■ y 1 (1 pi) 

11 obhoMted Ml KNP with water (19 pti.) aoa 
lead nitrato (1) pts.), a oarreiit of 00. being 
passed through the apparatus. The proaudt ii 
mitilled and the light oil fractionated. It il 
#haken with a saturated solution of KaHSO|» 

J and the resultingorystaliinc compound is WMhed 
wgth alcohol, crystallised from water, and then 
d^‘coinjK)sed i»y boiling nqucoiifl Na,0O, (Lauth 
' a. Grimaux, .4. 143, 80 ;r>tMtugnini, A. 85, 188).— 

; 2. Crude bonzylidene chloride is heated at 
• n0°-130° with an equivalent quantity of dry 
oxalic acid, the product is distilled m tYsotfO: 

riiCHCl,.+ II A«. - I’h.CllO + 2ll(:i + CO, 4 CO 
i (.Anschutz, A. 226, 18). 3. A inixturo of bonzvl 
! chlorido (2 mola.) with benzyl idimo chloride 
j (1 mol.) obtained by chlorinating toluene till 
j the S.G. is 1*175 is boiled with water and MuO| 
i (2 mob.) (Schmidt). -4. By heating hcnzylidene 
chb^rido with aqueous KOII under pr«‘ssure, OP 
by boiling it with milk of lime. 5. Bitter 
ttliiiondB uio freed from almond oil by pres- 
enie. The prens-cako (12 pts.) ia made into a 
l>asto with boiling water (110 pis); after 16 
minutes the paste is allowed to cool. The emul* 
sin IS destro\<‘d by boiling, and thcreforo a second 
quantity »»f the press cake (1 pt.) is inixad with 
eold water (4l ptH.) and adile<l to the first. After ^ 

12 Imurs’ m.aceratiou tl>e wliohi is distilled with 
st«’am. The yi<'ld is 2 p.c. of the press cake (Pet* 

1- mkofer, A. 122, 77; cf. Ja'ehig a. Wohler, d, 
22, 1). In this operation amygilalin is split Up 
by the nnoicanisiil ferment cninbin, tho pro- 
duct:-. Ix ing benzoic uldi liyde, prussic acid, and 

J•llJele.e : 

C,JI,,NO„ 4 21J,0-C,n..() 4 CNH + 20JI, A, 
Benzoic aldehyde so ]U’epared containa 
prussic acid, which appears to lx* coinhinod in 
the h»rm of the cyanhydriu (’,.lI.,.CIIR'il).CNj 
for a IT bturo of benzoic aldehyde and prussio 
acid yields incthylaniino on redui^tion, while 
crude oil of bitter almonds yields uinido phenyl- 
ethane C„II..CII.^.CII.^.Nll 2 ; again, a mixture of 
b'lizoic ai<h h)de ajid jjrussic acid, on treatment 
with chlorine, yields C.ll.Cl.CO.Cl, w-hilo oil of 
bitter almond.<4 yields, hv similar treatment, 
i CJI,.CH(OIl).CO.N;(’H.C„il. (Fih ti. G. 9, 4461, 
Pruhsic acid may bo removed by sliaking witll 
FeSO, and lime or i»otash, or by iligesting with 
llgO and water. The aMehydo is tlicn purified 
by means of .N’aHSO, as deKoribed under 1. 

/Yo/aoBc.v.— C olourless oil. It is not pol* 
sonouH. It oxidises rapidly in the air, but the 
addition of a little prussic acid hiiulei s tlio oxido* 
tion (l)UB;j.rt, /If. 8, 459). Il do.:: not reduo# 
Fehling's solution. , • 

y.Vo feoj.s.— -1. Oxuliscd to benzoic acid by , 
nir or other oxidising ag'nis. (k)iic. HNO|*i 
however, forms " (aji'l a little o ) nitro-bonZM*. 
deltyde. - 2 . AqumuR^ot alwholic jxtiauh giVM; 
benzyl alcohol anu potassium benzoate.— 8* Lev' 

; QM.x'red hoi pumice iHn sjdit up into CO and. : 
i b<:nzene (Barrcswil a. Boudault, A. 52, 860)..^ 

' 4. I'f'lj foriris benzyhdene chloride (Cahottra, At, 
70, 39i. COCJ, acts similarly (Kempf, /. w, fij;' 
1, 412).— 5. Chlorine founs benzoyl ofilortte 
and a compound of that body with benzoic al4#^i'^ 
hyde, CJl,CHCl(OBz) (Laurent a. Gerhardt, 
185U, 489). hromitie acts similarly, foriiiiMi ^ 
, CA.CIiBr(0B2) [70'‘'J (Liebig a. W0hler,4. C 
I 266 ; ClaifcD, B. 14, 2475).— 0. Suednyf iohUi. 



in V ^ 


f{d$ proditoei $nec{ai« Mefd and benzylidene 
cblorioa (BemboW, A. 188, 189).— Sodium 
tmalgam reduoei It, In prezonce of water, to 
benzyl alcohol, hydrobenzoin, and isohydroben- 
zoln. — 8. Potassium cyanide prmluces benzoin. 
0. Aqueoue HI (S.G. 2 0) at 280® reduces it t(> 
toluene (Borthclot, J. 1867, 010). — 10. ILS 
forme tliiobenzaldohyde. -—ll. Aqueous Ny, 
forms hydrobenzainide (C JI ■Cfl);,N 2 . — 12. 
Ammmiittm sulphide forms thiobenzaldine 
Cj,II„NH^.— 13. NHjandeulpliideof carbonform 
NH,.C.SS.N(C1I.CJI,):.-14. With acetic anhij> 
dride an<l sodium acetate, on lieatinjj, it forms 
sodium cinnamato {v. Puukin’h Synthesis, p. 
108). Tho reaction probaiily takes place in two | 
stages ; CJlsCHO + CHvCO.^Na^* 

C,IIvCn( 0 H).C 14 C 02 Ka- ! 

n 2 O + 0,HvClI:CH.CO.;Na.— 16. With Ao^Oand 
sodium succinate it gives the lactone of 
C02H.Cll2.CH(CO.,n).CfI(01J).CJIi.~16. With 
sodium isnhubjrate and isofnUyric anhydride it 
forms CJIvCII{OH).CMo 2 .C 02 ll, v. Oxy-i»iienyi.- 
VAi.Eiuo ACID (b’ittig, A. 210, 119). — 17. With { 
AOjO and sodic butyrate at 100° it gives only | 
phenyl-angoiio acid, whereas at 180° tho chief j 
product is oinnamie acid (Slocum, A. 227, ! 
63). — 18. The reaction PhClIO + CILXY-- j 
H^O + rh.CIlrCXY takes place under inllueiico 
of dry IlCl or aqueous or alcoliolio KOII on j 
condition that X or Y is of tho form CO.Z, c.g. 
benzoic aldehyde acting on acetone, mesityl I 
oxide, acetophenone, pyruvic acid, malonio other, 
and acoto-acetio ether. INirkin’s reaction is of 
a similar nature. Occasionally intermediate 
compounds of the form rh.CIl(Oi£).OHXY are 
formed (Claison, A, 218, 121). — 19. Sodium 
matonate and Ao^O react in the cold, giving oil 
CO, and forming cinnamic acid, as follows : 
Ph.CIIO ^ CH..(CO..U).. » rhCU:C{C02H).. s 1 1,0 
« PhCUiClI.Cb^lI V CO, + H.O (Stuart ji;. J. 43, 
404). --20. Sodium isosuccinato and Acd) art 
similarly, forming phonyl-iso-crotoiiio acid ; 

Ph.CIIO + CIlMe(CO..H)..«. 

Ph.CHiCMe.CO,!! + CO, + H.O. 

91 . Acetyl chloride and zinc-dust form diacetyl- 
hydrobonzol'n ; while benzoyl chloride and /.inc 
dust form di-bonzoyl-hydrobeii/oin (Pual, IL 16, 
1818; 16, C36; 17, 909).— 22. Jhuicts with 


can, and orein act timOarly (Michael a. Byder, 

B. 10 , 1388 ; Aw. 9 , 130 ).- 28 . (»)>Naphthol 
left to stand for several days m the cold 
with an acetio acid solution of benzalde-' 
hyde treated with a few drops of HOI forms 
di-(/3)-naphthyl benzaldehydate (di-naph* 
thyl-ortho-benzoic aldehyde) C,jH,CH(OC,oH,)j 
[205°]. It isa cry.stalline pp., si. sol. all ordinary 
solvents; insol. aqueous alkalis. By warming 
with acetic acid and a few drops of HGl it is 
converted into the isomeric di-oxy-di-naphthyl- 
phenyl-methane C«H-.CH(C,oH,,.OH), which at 
the same time loses 11,0, giving the compound 

CJT,.CH<p‘»^«>0 (Claisen, B. 19, 3317).— 

29. Acetone in presence of atpieous NaOH pro- 
duces CJI .CII.-CII.CO.CHs and tho compound 
C„lli.CIl:C}I.CO.CiI:CH.CrtH 4 . In general, com- 
pounds containing tho group CH.,.CO react with 
licnzoio aldehyde, exchanging the IL for CHPh 
(Claisen, B. 14, 319, 2108; v. Bknzylidknk- 
ACKTctNK).— 30. Prussic acid forms mandelo- 
nitrile or tho cyanhyJriK of benzoic aldehyde, 

C, .1I..CI1(01I) C*N {v. Mandeuc acii>). This is 
converted by alcohol ami HCl into mandelic 
imido-ether, C,.H,.CJI(OiI).C(NlJ).()Kt (Vulckcl, 
A. 62, .361; Tiemann, B. 14, 19G7). Benzoic 
aldehyde (4 vols.) mixed with ziearly anliydrous 
prussic acid (1 vol.) and shaken with alcoholic 
KOII forms bonzimide C 2 ,ll,«NX>j» [167°J, a 
rtocculent substance, iiisol. water, alkali.s, and 
acids (Laurent, A. Ch. [2j 69, 397; 60, 193; 
Zinin, A. 34, 1B8; B. 2, 662 ; Gregory, A. 64, 372), 

, 31. Hydrogen iodide forms a pungent compound 
I C^jHmf.O [28°J iusol. water ((ieiitlicr a. Cartmcll, 
A. 112, 20).— 32. SO, forms a disulphonio acid 
i C,I1,,(S0,II),.CI10 (Enp>lhai(lt, J. 1864, 350).— 

) 3,3. Ily treatment with a mefhyl-alcoholio 
: solution of sodium incthylate. a white solid 
' compound C«lI^.C(0^i'!)(OC.^,)(ONa) is 
: foniK'd. Tho same body is formed by the 
; action of soditim methylate on benzyl-benzoate 
j or of sodium l)enzy]atc on methyl-benzoate. 
By treatment with acetic acid it is split up into 
' a mixttjroof benzyl benzoate, methyl benzoate, 

' benzyl alcohol, and methyl alcohol. - 34. If 
bonzaldehydo is heated witli a small quantity of 
sodium ben.ryliiie for several days at 100°, it is 


nitro-piraffins thua: Ph.CHO hir.C(N().).CIIj- 
H,0 + PhClI;C(NO,)(:if, (I’riebs, A. 226,* .319). - 
93. A solution of aniline in cone, IICI pps. I 
ydlow crystals of a molecular cdmjnumd. They j 
arc only stable in presence of cone. ilGl (Klbers, , 

A, 297, 867). If SnCl,bealso present a cum- { 
pound (NPhHjllCl),. (O.II^O), SnCl, is formed! 
(K.).— 24. Anilino* fofir.s bonzylideno-nuilino, ' 
0*H».CII:N.CJIj ; o-(oluidin^> acts similarly. : 
When heated m presouoo of IlCl or ZuCl, • 
aniline forma di-amido-tri-phenyl-mcthane. ; 
Dimethylaniline in presilneo of ZnCl.| gives 1 
0^, 011(0,11, NMc,), (Fischer, B. 10, 1623) ; di- ! 
methyl w- (but not o- or p-) toluidino bohavea j 
fimilarly (Fischer, B. 13, 807). — 26. Ethylene- 
diamine forms (C^lIi.CH:N),.C..lI,, [64°J (Mason, 
H. 20, 267).— 26. {6)-Niiphthyliimine forms ben- ! 
•ylidene-(iS)-naphthylauuno and then phenyl- i 

napbtbacvidiuo dihydrido PhtTI<^|^'‘'J|-^NII 

(Olaisvn, -4. 237, 261).— 27. Uesorcin in pre- , 
tence of HCl forms a resin C..H..*0, (Baever, ; 

B. 8, 26). Phenol, piffvcaU'chin, 2 'hloroglu* 


slowly polymerised to benzyl benzoate. Probably 
the compound C^iI.,.r(()C,Hj),.ONa is first 
formed, ami thim decomposes into benzyl 
benzoate and sodium bonzylate, wliich latter 
again reacts upon a further quantity of henzal- 
dohyile, producing more of the inti-rmediate 
compound, and so on (Claisen, B. 20, 616). — 
36. By boiling with anwioniurn formate it yields 
tri-, di-, ami mono- benzyl-amino and their 
formyl derivatives, together with other pro- 
ducts (Louchart, B. 19, 2128).~36. AvDnonium 
sulphocyanide at 140° forms bcnzylidono-lhio- 

biuret [237°] (Brodsky, 

M. 8, 27).— 37. Ben lene-azo-bcnzenc and ZnCI, 
forms * benzvlidmie-bonzidine ’ C .Jl.,N20j{?) 
[239 *] (Barziiow.-;ky, J. B. 1886, 36f)f.— 38. Acta 
upon an alco'.iolic solution of $(^Ii7im aceto- 
(uetk ether, forming [127°], sol. dilute 

alkalis (Michael, J. pr, [2] 36, 46(j). — .39. Hy- 
dra zinc -hen zoic acid, NII;.NH.C,Il,.COi,lI, forma 
bonzyli ItMie-hydrazinc-benzoic acid CuH..N.O, 
[172° uncor.j (Kodcr, A. 236, 171). 



mmom AMBHYDS; AMMONlA-nBIlIVAT^ OF, 4M 


OmIfiluUiam. 1. With bisalphitef. 
CIACH(OH).SO,Naj^aa. Small OTystals, v. e. 
aol. water, insol. cold alcohol. Decomposed by 
boiling water, boiling dilate acids, or cold 
aUcalis or alkaline carbonates (Bcrtagnini, A. 
85, 188). - C,HjCH(OH).SO,K : latninro. — 
CaHi.CH(OH).SO,NH4U(i : formed by action of 
SO, on an alcoholic solution of livdrobcnzainlde 
(Otto,d.ll2,aU5).-jC.H,.CU(OH)..SO,:,lta2ati: 
from the Na salt and DuCl..— 2. With SO^ and 
aniline: (CJI,CIlO),(C,H„N),SO, (SchilT, .4. 
140, 130).-2)-Toluidino forms, similarly, 
(CyH^O) j(Ch 1I,N) ,SO„.— A m i d o-a c i d 8 shaken 
with aqueous solutions of SO,, and Ixoizoic 
aldehyde form crvstallijie compounds, e.q. (fr»)m 
glyoocoll), CJd,.Cn(Oil).Sth.NH,.Cli..a)..lI, 
and C,H,.CH(t)lI).SO,.NIi,.C,H,.CO,H (from 
amido-beuzuio acid) (SchitT, A. 210, 1231.— 
3. With inorgaiiicj salts. C;H„0 liC:iCL.(?) 
(Ekmann, .1. 112, 17o). -C.H„oiU'’, (Landolph, 
/. 1878 . 021 ). 

Oxim r. Hknzai.doxim. 

Phenyl- hydr azide C JI ^.C II ; N. J I C,.n 

[153“]. Formed by adding a solation of jiheiiyl- 
hydmzino hydrochloride and sodium acetate- to 
an aqueous solution of bcn/aldchydc ; the white 
pp. is distinctly visible with a solution of 1 [it. 
of benzaldcliydc in 50,000 pts. of water (Fiscln r, 
li, 17, 571). Can be crystallised from ab <»ln)l. 
ItiHol. watiT. Acetyl Ueri I'uti vc C,.dl||N;Ac 
[120’'], long needles (Schroodcr, J). 17, 20rMl). 
JUmoyl derivative C,,II,..C1I:N.N ll/.l’h : 
(122“]. Formed from bonzuldeliydeand u-bonzyh 
phenyl-hydra/.ine. Very thin silky noi-dlos. 
V.sol. alcohol (Micbaclis a. Sclimidt, Ji.'li), 1717). 

Methyl-phe nifl hydr azide 
PhMeN.N‘:CH.l’li. [ 102“-101-5“].-l. Formed in 
small <iiianiiiy from the iiu-thyl-phenyl-hydra- 
f.ide of phenyl-glyoxylio acid (7. 0.) at 120 '. 
IJenzoic aldehyde and methyl-aniline are also 
formed.— 2. From benzoic nldeliydo and methyl- 
phenyl-hydrazine in alcoholic solution. White 
needles (Wallach, A. “I'll, 352). 

Derivatives of Jkmoic urtho-ahhhyde are 
described as Du.s-ZYLimi.VK derivatives. 

BENZOIC ALDEHYDE, AMMONIA-DERI- 
VATIVES OF. The most important of these 
are hydrobenzaniule, amarine, and loyhinc. 

1. HYDllOBENZAMIDKC.,,n,HN.;t.C. (C„lIj.CII),N\. 
Tribenaylidene-diamine. [110“]. 

Formation. — Jly the action of ammonia 
upon benzoic aldehyde (Laurent, A. Ch. (2] 
G2, 23; CO, 18), upon benzylidc no acetate 
C,H4.CH(0.C,H,0)2 (Wickc, A. 102, 3r.s), or 
upon bcnzylidenc-dichloride (lOngelhardl, A. 
110, 78). 

Preparation . — Benzoic aldehyde, Avhich must 
be free from hydrocyanic acid, is left for Rome 
days in contact with strong a<iu<j)u.s ammonpi. 
The crystalline mass which sejxnates is waslicd, 
first with water and tljcn with ether, and linally 
recrystttllised from alcohol. Heat accelerates tlie 
action, hut diminishes the vield. Kquatioii; 
8C.H,.CHO + 2NI1,- (C.,H,.(:]'l),N, + 311,0. 

Properties. — Crystallises *rom hot alcohol in 
colourless rhombic octahedra, which* are gene- 
rally wedge-shaped. Insoh water: sol. alcohol 
and ether, lias a sweetish taste and is not 
poisonous. 

/feaefion#.— 1. ^V^len Jieated tor several 
ilirari to 120“~130“ it is converted into the iso- 


merto amarine {Berta^ini, X $8, 187). *By 
destruetire distillation it yields lophine O||H„N| 
(Laurent).— 3. Boiling with aqueous jxfiasH 
copverts it into amarine (Fownes, T. 1815, 263), 
jrhilst alcoholic potash breaks it up into ben*’ 
[ zoic aldehyde and ammonia. This last decom- 
j position is al.so eflccted by prolonged boiling 
wfth alcohol alone. Fusion with potash pro. 
duces very complex dreomposition, yielding 
among other products lopliine. 3. Dilute aenfji 
I hydrolyse it readily on hiyling, slowly in the 
cold, into benzoic aldehyde and ammonia. The 
ease with which this hydrolysis oecnvs is best 
ncconnled for on the assunquion tluit hydro* 
henzamido is tribenzylideno diamine.— 4. Dry 
hydrobenzamide absorlJS gust-ous hydrochloric 
avid. During the process a non-tiitrogenona 
Kub.-^tanco volatilises, and the residue, when 
treated with water, yields benzoic aldehydo and 
uminonium chloride. If instead of treating the 
residue with water it is hcati-il, henzonitrile and 
benzyl chloride distil over, whilst a complex mix* 
tnro of basic substances remains (Kkmann, A. 
112, 151 ; Kuhn, A. 122, 308). -5. It unites with 2 
inols.of hydrocya7iiracid to form hydrobcnzamule- 
di hydrocyanide, a yellow crystalline mass mult- 
itig at 55 whicli.wheii treated with liytlrochlorio 
acid, is decomposed into benzoic aldehydo and 
plienvlamidoacetonitrilc ; C.,,11,„N;„2HCN i 11, 0 

- (ni/) + 2C..Hi.Cll{NJl,).CN, the latter com- 

pound being suh'^eqiiently hydrolysed to the 
corresponding acid (IMoohl, II. 13, 21 1!)). Under 
other conditions the henzoie aldehyde uml 
plienylamidoacetonitrile thus hn'me<l may unite 
with elimination of water to form ben'oyl-aeo- 
tide, thus: 0,11,0 + C,. II ,('IJ(N1I,).CN 

- 0,.H,,N.n 1M> (I'lne.hl, n. 14, 1M2). When 
an ethereal solution of hydrohenzaujide is imxcd 
Avith 1 Hi^l. of hydrocyanic acid, and gaseous 
liydrochlono acid is passed into the liquid, a 
hydrochlorideof thoiin)nohy<l>()cyanideof liydro- 
heiizamide, C„H,j,N.,,HON,HCl, separalos. On 
boiling this precipitate with concentrated hydro- 
(ddoric acid, it is decent q)Osed into benzoic 
aldehyde, ammonia, and the liydrochloride 
of an anhydride of the fortnnla 0,.,IInN,,0: 

' f L’ii.o--. ) I ( n ’ n ( J i N n 

The free anhydride melts at 161' atid sublimes 
' without decomposition ; tlie acid 0,,,11,„N.,0, 
melts atl20“(PK>chl,7Lll, 1130).- 6. Dissolved 
in absolute aJeohoLand treated in the cold with 
3 p.c. sodiiifn amahuim it yitdds bvnzi/lidenc-di- 
VvurylinvdcC^UyVAliKUX'lli.CJl}.^. Astionger 
amalgam, aided by heat, converts it into 
hi.n/ylamine and toluene (O .’’iscA'er, /i. 10,718). 
7. llvdrohcnzamido ^is also acted upon by 
chlorine, sulftharnus nnhydridc, sulphuretted 
hydroycn, and ethyl v tide, hut the reuctions 
are not of importance. • 

2. A JTAiiiNK : C„H „N,. Tpomcric with hydro* 

henzamido. Probable constitution : 

CJl,.C.NUv 

3 >ClI.CJlj (E. Fischer, A, 211, 217 j 
cji,,c.Nri/ 

Japp a. llohinson, C. /. 41, 323) ; or 
CJL.CH.NHv 

i ^C.C.U, (Claus, B. 15, 2338). 

CJL.C1I-N^ 

0^]. 

Formation.—!. By the action of ammonia 
' upoa 00 alcoholic solution of benzoic aldehyde 



(tiaaMni b. B. 10, 85d)«--0. By boiHoe hydro. 
beoMmide with •qaeow potash {Fownea, T. 
1846; 208).~'8. By heating hydrobenzamide to 
120®-180'» (Bertagnini, A. 88, 127).-4. Together 
with lophine by dJatilling the double compound 
, of benzoic aldehyde and ammonium liydrogen 
aulphite with cxccsh of slaked lime (Gossmapn, 
A. 93, 829).— 6. In small quantity when am- 
monia acts upon a mixture of benzoin and 
benzoic aldehyde :~C, ^11,^0.. + C,H«0 + 2NH, * 
C„H„Nj+8H.p (HadziBzcwBKi, B. 16, 1495). 

JVgparafwm. - llydrobenzaraido is heated 
from 2 to 4 hours at 120°-130°. The vitreous 
mass thus obtained is dissolved in boiling alco- 
liol, and an excess of hydrochloric acid is added. 
The amarine hydrochloride, which separates in 
white crystals, is purified by recrystal Using from 
boiling alcohol and is then decomposed with 
ammonia. 

iVope/f/es.— Deposited from alcohol in lus- 
trous prisms. Melts at 1(H)^ (Kownes), but by 
boiling for some time with water, is eonverh-d 
into a grunnlur Hiibstaiico melting as high as 
12G'\ Tliis modification is reconverted into 

i irismafie amarim', melting at 100'', by recrystal- 
isation from alcohol {(9aiis, J{. JH, 1078). 
Iiisol. wat('r, V. sol, alcohol and ether ; the alco- 
holic solution having an alkaline reaction. Has 
a hitter fasti*, which is noticeable only after a 
time. Very poisonous. Combines with acids 
to form sparingly soluble salts which have 
an intensely bitter taste. — C.J,^,^N.^,1^CI. 
Needles, sparingly soluble in boiling water. 
— (C,j,IImN,,,IICl)...,riCl,. Yellow crystalline 
salt (dOssnuum). -- (Borotline, 

A, no, 79). — C..,ll„N..,nNO, (Fownes). 
(0„n„N,)ji..so,+ a.iilx) (droth, .i. i.V2, 122).-- 
(Ca,n,„N,.) ,,ll.Cr.p,. Yellow precipitate, almost 
insol. water. 

lieactions, - 1. By destmetive dt^t illation it 
yields ammonia, toluene, and lophine, 

(Fownes; v. alsolludzi.'izewski,/*’. 10,70).-- 2. ily 
limited oxidation, as when the chromate is boiled 
with glacial acetic acid, it is oonvertod into 
lophine : C..,H„N,-e 0 « Oj,H„N, + 11,0 (Fischer 
ft. Troschke, Jl. l.S, 707). l lxeessof chromic acid 
oxidises it to benzoic acid. H. When a hot alco- 
holic solution of amarine is ncidilied with acetic 
acid and a hot concentrated sol ut imi of an alkaline 
nitrite is addt'd, nitrvso-a marine, C.,,II„(NO)N,, 
separates, and, by recrystalliiflrtion f%)m alcohol, 
may be obtained in rhombio tables, which, 
when heated to 150°, decompose witli formation 

of lophine (Borodine, B. H, 984) 4. With 

nitric acid iif thb^cold, mononitro-aniarine, 
C,,1I,,(N0,,)N.,, is formed r hot nitric acid con- 
verts it into dinit ro-n marine, Cj,II„(NO.,),N,j. 
The latter compound yields, with reducing 
agents, diamido-amarifie, C.„H,j(NH.J,N,. Balts 
of these nitro- and amido- bases have been pre- 
pared (Claus a. Witt, B. 18, 1670).- 6, With 
iMtul chloride an ethi^real solution of amarine 
yields a produot which, when treated with 
alcohol, is separated into amarine hydrochloride 
and diooetyi amarine, C„U,„(C..II,0)jNj [2C8°J 
(Buhrmann, J. pr. [2] 27, 295). -6. Amarine 
reacts with the halogen comjmtnds of the alkyls 
to form substitution- and addition- compounds. 
Thus when amarine, methyl iodide, and ether 
ore allowed to stand together in the cold, 
Oimirine hydriodide, C„U,-MeN,.ni, ia formed. 


Ammimia if wHlioat oetlon npoa thb lOltk M 


When amarine is heated with methyl iomde,a 
dimethylamarine hydriodide, if 

formed. Like the monomethyl compound it if 
not decomposed by ammonia; by trestm«|lt 
with alcoholic potash, dimethylamarine [146®J 
is obtained, and this base unites with hydriodia 
acid to form a hydriodide isomeric with the 
foregoing and dilTering from it in being decom* 
posed by ammonia even in the cold (Glaus a. 
Elbs, B. 13, 1418). Dimethylamarine and the 
; other dialkyl-amarinos do not combine with the 
halogen compounds of the alkyls, 
i Further derivatives of amarine. — KthyU 
1 amarine, C,,H,,EtN.^ [163°j (Chius a. Scherbel, 

I B. 18, 3080) ; diethylaniarinc, 

. fll0°-115°] (Borodine, A. 110, S2).— Benzyl- 
I amarine, C,,II„(C,H,)N2 [123°-124°] ; dihemyl- 
amarine, C,,H,„(CJl.).,Njj [139°-140°J (Claus a. 

: Elbs, D. 13, 1418;' Claus, B. 15, 2330; Claus a. 
i Kohlstock, JJ. 18, 1819'. — Ethylbcmylaniarine, 
C.,H,.,Et(C,lE)N., [135 'j (C. a. K.).-Hydro- 

■ methylbcn^|/lamnrinc,C..^ll,J^’^e{C^R,)^!i.fi [208°] ; 

^ hydrotrimcthylaniarine, CjiIIpMcaN D [158°] 

' (Glaus, B. 15, 232(5). — Other derivatives : 

' C,,H,„N,.(C,H,0).0Et; C ,n„N.,(CO..Et), ; and 
; C,,H,„N,(COJ5t)(CONHEt) (Buhrmann, J. jyr. 

{2J 27, 295). - Amarine -silver, C;ijII,,AgN._j (Claus 
a. Elbs, B. 10, 1272) ; diamanne silver nUratSt 
i (C„II„N.d,,AgNO,aq [218°J (C. a. K.). 
j When amarine silver is mixed with one mo- 
! locular proportion of an alkyl-halogen compound 

■ (the latter diluted with benzene) and allowed to 
. stand in thocold, adouhleeom])onndof amarine* 
j silver with the alkyl-halogen is obtained. At the 
: same time a small quantity of nionalkyl-amarine 
. is formed from the double compound by eliniina* 

' tion of silver iodide. In this way the following 
I cornpoumls have been prepared (Clans a. Scher* 

, hel, B. J8, .3077): atnurine-silver methylo-iodidet 

0.;,H,,AgN._.,CIl,I [173°] ; amarine-silver cthylo- 
C.,H,,AgN.„C H,,I (115°J; amarine-silver 
I isojnvpyln-bromidc, C..,iJ,..\gN.^,C3H.Br, [140°]; 
i and finally aviarine-silrer bemylo-chloridB^ 
j Dji^oAgNu.CjlLCl, [250°]. When amarine-siU 
j ver is treated witli benzoyl chloride it yields 
! benzoyl-amarine, C.^,H,,(C,lXO)N,., [180 '], which 
j forms salts with acids and also unites with bon- 
I zoyl chloride to form bcnzoid-amarine benzoyl 
I chloride, C,,H„(C,H,0)N,.,c4i,OC 1, [312°], and 
: with benzyl chloride to form lienzoyl-aynarint 
benzylo-chhride, C,..,H,;(C lI.())N.^,C,li,Cl [351°], 

; which latter is isomeric with bcnsyl-amarine 
- benzoyl chloride, a, [340°- 
350°], obtained by the action of benzoyl chloride 
! upon benzyl-amarine^ Tlie bases corresponding 
, with these two chlorides are also isomeric. 
Banzoyl-amarrie also unites with methyl iodide 
and with ethyl iodide to form additive coinpoundf 
melting at 318° and 854° respectively (0. a. S.). 
i C.ll,.C.NHv 

I 8. Lophine || ^C.G^, 

j 

; TriphenylglyoxaUne (Japp a. Robinson, (7. /t 
1 41, 323). [276°]. 

FonnatUm.-—!. By the destructive distilto* 

! tion of hydrobenzamide (Laurent, A. Ch, 10, 
j 309), of amarine (Fownos, T. 1846, 263), Or of 
I tribenzylamine (Brunner, A, 151, lS5j. 
j the limited oxidation of amarine with i 




f. i|^ jtlisitfigiliDitioii^ 

liMw • mixture of benzil end benzoic aldehyde : 
cjHlieo-'^ACHo+asH.- 


c H h ■*■ ‘ili jO 


W: 

ittefe, Etl| 


Md lati« oompoand, by treatment 
moiet aihrer oxide yields the oorresponding bate 
(Kiihn, A, 12a, 826). 

- laoHXRiDB OF liOPunot.—Acoording to Kflhn 
M. 122, 313) an isomcrido of lophine, 
CiiHigNj^aq, is oblained, together with 



formed (v. Bknzil, ammonia- | 
DBBXTATiVRS OF, p. 40(1) ; and this, by distillation 
with zinc-dust, is converted into lopliino (Japp 
a. Robinson, (J. J. 41, 323). — 5. liy warming 
oyanphenine, C .,1I,,N\, with acetic acid and zinc 
du8t, or by distilling it with potash and iron 
fihngs, it is converted into lophine and ammonia : 
^«^ii^s + 2H3 = C.,H„.No-r NH, (lladziszewski). 

Prc/xirn f ion.— llydrobenzamide is heated in 
a retort until the more volatile products of its 
decomposition —hydrogen, ammonia, and toluene 
— have been given off. The residue, which can 
only be distilled at a liigh temiierature, is treated 


A2 obenzoimde,C,,,II„N,(V) (Laurent. .4 .CA.[8] 
1, 300) and mnF,Nz..Yi,iMii.K, C,,1J„N0 (Itobson, 
C?. J, 4, 225), are ul.-^o eompounds whicli are 


1 , 

C. J. 4, Tib), are ul.-^o eompc 

stated ^ have been obtain«‘d by the action of 
ammonia uj'oii benzoic aldehyde. They have 
been very litlb* stiulied. 

Be.nziuo ALUKiivin:, nYni:ocYA\m Acn*, and 
AMMONLY. — A number of compoiindK are obtained 
when ammonia acts upon bt'ii/oie aldehyde 
containing hydrocyanic acid. Some of these 
are, however, more rc;olily prepared from tho 
hydrwyanides of hyilrolamzainido (7. r.) and 
have tlierefore been descrilicd under that 


with etlier, and then dissolved in glacial acetic , head.— 1. 0,,il„N„. Formed 

acid, brom this solution water preci]utute» ■ along with other products w hen a inixturu of 

lophine, which is finally purilied by recrystah I benzoic ald< hvde, hydruevanio arid, and 

(Uttdziszewski, B. ; ammonia is allowed to stand for some, weeks 


10, 70), 

Pn/pcr/iVs.- Crystallises in very slender, 
colourless silky needles [275^^] (Radziszewski). 
Distils without dreornpositiou at a higli tem- 

J ierature. The vu}t..ur-(lensity agrees with the 
ormuia (I- iselicr a. Trot^chke). Jnsol. 

water, si. sol. alcohol and ether. Its solution 
in alcoholic potash pliosjihoresces when air is 
admitted, owing to a process of oxidation, in 
which tho lophine is slowly converU’d into hm- 


j (Laurent, A, Ch. (2j GO, IHO; viih' supra-^ 
I * JIydroh(*n/..'imide ’)♦ ('rvstallino powder, con- 
I sistingof minute rlioiuhic prisms, si. sol. bailing 
alcohol. Jiy destructive distillation it yields 
iimawnc, together with lojdjino and 

, other products. Ajuarone forms eolourloBS 
needles (233 '!, si. sol. boiling uleohol (I^auront, 
j licMieScienL IH,207). 2. /Lo5rnn»?//, 

: is formed according to the ('(lualitm : 

. , - I •*1C,H,0-^11CN ( NH,c.C.,,n„N,. I iin.o 

ZOIC acid and ammonia (lladziKzew.ski). Feebly 1 (Reilslcii-u a. Iteineeke, A. J3G,‘ 175). White 
basic : tho salts are partially decomposed by ! crystalline powder, insol. water, v. sol. ether, 


water, in which they are for the most part imo- When warmed with alcohol and liyilroelilorio 



chloric acid to an alcoholic solution of lophine. | ajI^NjO, is forme<l, along witli tho foregoing. 
According to L.aurcnl and iJrunner this salt is from tho same generating Hubslanerfi according 
anhydrous.— C„H,«N,„2lK:i:formodbytheacli..ii ! to the equation: 3(1,H„0 -i JlCN i NIL* 
of gaseous hydrochloric .acid upon lo|)hiiie.— ; G, 2Il,,(h and differs from it by con- 
(C,,HiglSj,HCl)3,l’tCl,. : rhombic plates. Con- j luining tho clemcnfs of a niolecuJo of water 
tains 51LO (Lninncr). — - j more. Micro, seopte crystals. Nl. sol. alcohol. 

C«H,„No,HNOj.-ASith silver nitrate it gives rise V. sol. ether (Laurent, A. Ch. [2j 00, 180; 

i Laurent a. Gerliardt, A. 7G, 302). 


2C3,H,«N,,3AgN03 {.\. a. o!). 

Reaclions.—l. Oxidation w'ith chromic acid 
in acetic acid solution converts lophine into 
a mixture of benzamido an<l dibenzamidu: 

C,,H„N,-]r:o^O,= 
C.H,.GONU> (C,II,.C|),NH , 

;; Fischer a. Troschkeu — 2. liy the action of 
orontine upon lophine bydrohroimde, an 
unstable perbromide of the formula, 
C,iH„N.^rj, llJir(?), is obtained (F. a. T.).— 


I liEXZOIO ALUKIIYIIE, AMMdMA, AND lUD- 
! rucni-TTED iiYi.iean X. - 1. J cnzaic aldehyde and 
' ammoniimi Hiilphidt* if mixed and allowed U 
stand for some wcf-k-.H, yield thio-benzaldin 
3aH«0 4 211,8+ H,-C,„lL„N.S., + 3fl„0 
(Laurent, zl. Ch. [.3j also [3J 36, 342V 

Deposited from f th- 1 in nionoclinic erystali 
[125-]. When boiled with alcohol it graduallj 
evolves Buli»liun Ited liydrogen.— 2. liy th4 
action of ammonium sulphide u])Dn crude oil ol 


8. Nitric acid yields, according to temperature j bitter almonds Laurent obtained a comr>ound 
And concentration, cituer dvuhohrhitu’, C„H„,N.H,(?), 

' Bi nzoic aldehyde slowly reacts in the col^ 
(Lanrent; Ekmann, A. 112, 161).— 4. Heated with CS, and NH, to form a compound 
Jdth concentrated sulphuric acid to 100^-170® ; (Quadrat, A. 71, 13). This sams 

. tn|dkine is converted into Icphinc-disuljfJumic substance is formed w’hen benzoic aldehyds 
C„H„N,(SO,H), (F. a. T.).— 5. "With is mixed with ammonium thio - carbamates 
Hodfdc at 100^ it yields lophine hydriodide 2CJI,0 + C8,+ 2NH,«C„H„N38,+ 2H,0 (Mnl^ 




der. A, 168, 988). Prismaiic crystals, melting 
with decomposition at 100°. Cannot be dis- 
solved in alcohol or ether without decomposi- 
tion. The compound may be regarded as»dt- 
hmxylidene - ammonium dithio - carbamat$, 
NH,.CS.S.N(CH.CJI,)",. F. R. J. 

BENZOIC ALDEHYDE CARBOXYLIC ACID 

V, ALDKnVIiO-DKNZOIC ACID. 

BENZOIC ALDEHYDE GREEN v. Telra- 

METHTIi-DIAMIDO-TRirnENYIj-CARBINOIi. 

BENZOIC ANHYDRIDE C.^II.oOj i.e. 
(CJIj.C0).,0. Benzoyl oxide. Mol. w. 220. 
[42^J. (300° i.V.). S.G. (liquid) 1-227. i 

H.F. 101,815 (Stohmann, J. pr. (2] 30, 3). j 

Fonnation. — 1. From llzCl and Na01iz,IhiO, ; 
IIjC.p,, or KjC^O, ; or from NaOBz by tlio ao- i 
tion of PCI,, POCl^, or S.Cl, (Gcrhardt, A. Ch. \ 
[3] 87, 200 ; Wimdcr, J. pr. 01, 408 ; llointz, - 
P. 02, 458 ; dal, A. 128, 127 ; Anschutz, li. 10, 
1882). 2. From benzotrichlorido (1 pt.) and ; 
HjSO^ (3 ptH. of 95*4 p.c.) (Jonssen, B. 12, 
1495). ~3. Ry tho action of tho dry nitrates 
(0 mola.) of Pb, Ag, Hg, Cu, or Zn upon ben- 
zoyl chloride (1 mol.) {q. v.) (Lachowicz, B. 18, 
2990). 

iYo 2 )crfiC.<r. -Trinifdric prisms, insol. water, 
in. Bol. alcohol an<l ether. Slowly converted 
into benzoic acid by boiling water, more rapidly 
by alkalis. Hot NlI^Aq forms benzamido an<l 
ammonium benzoate. Combines with bromine 
(1 mol.), (iaseous HCl forms BzCl and IIOBz. 

Mixed Anhydrides. -Mixed anhydrides of 
tho form BzOU are formed by tho action of 
benzoyl oliloride on the alkaline salts of various 
acids, or by tho action of various alkoyl ehh)rides 
on sodium benzoate. They are generally decom- 
posed by heat into a mixture of two anhydrides; 
and by water, more rapidly by alkali.s, into two j 
acids. ^ I 

Benzo-acetic anhydride Ae.O.Ik v. [ 
ACRTO-llKNZon? OXlJil',, p. 17. ? 

Bemo-isova Icric anhydrid e ! 

Bz.O.CJI^O. Oil (Chiozza, yt. 81, JOB). j 

Benzo.heptoic anhydride l’.z.O.GJI,,0. 
Oil. H.d. ^Al-OI3(Cliiozzaa. Malerba, /!. 91, 102). 

Bemo-peln rqo nic a n li t/d r i d e 
BzO.C,H,,0. Oil (Chiozza, A.'cfi. [.3] 89, 209). i 

B e n *’ 0 - m y r i a tic a n hudr i d e 
BzO.C„lL,0. (38^’]. 

Benzo-sti'uric anhydride B/O.C.JL 0. 
(70 'J (C. a. M.). • • ■ ^ i 

Bcmo-angclic anhydride B/.O.CJLO. ' 
(C.). Oil. 

Benzoc in n a m ic an h yd rid e 
Bz.O.C.irO. CVl. I'^d. - ' l’l84. 

Benzo-cu m ini c a n //^/ d r i d e 
Bz.().C,„H„0. Oil. S.d. 1-116. 

BENZOIC BROMIDE i\ Benziiyl nuoMinp.. 

BENZOIC CHLOulDG v. Bknzovi. cunoiai'E. 

BENZOIC CYANIDE r. Benzoyl cyanide. 

BENZOXCIN t'. JVj-b<:iwoyf-GLYCEHiN. 

BENZOIC OXIDE r. Benzoic ANiiYDniDR. 

BENZOIC PEROXIDE t\ Benzoyl peroxide. 

BENZOIN C„H,,0,« C,H,.CIi(OIl).CO.C„H,. 
PhfnyLbgnzoyU'arbimd. [137'’], First prepared 
by Stauge (if. P, 10, 93), and almost simulta- 
neoualy by Bobiquet (.4. Ch. [2] 21, 254), by 
aoting with a solution o! potassium hydroxide 
or barium hydroxide upon crude oil of bitter 
ilmonds coutaiiiing HCN. 

Abnuu/iofi.— 1. By partial oxidation of 


hydro - benzoin, C^i.OH(OH).CH(OH).CyH| 
(Zinin, A. 128, 128).'— 2. By treating bbnzil 
C.Hj.GO.CO.OaHa with zino and alcoholic 
hydrochloric acid (Z., A. 119, 177), with acetic 
acid and iron filings, or with KjS. 

Preparation.-~200 g. of pure benzoic alde- 
hyde are heated for a short time with a solution 
of 20 g. of KCN in 800 g. of 60 p.c. alcohol, and 
the liquid allowed to cool. Benzoin separates 
and is removed by filtration. Tho filtrate, on 
heating with more KCN, yields a fresh quantity 
of benzoin (Zincke, A. 198, 151). Two mola. of 
benzoic aldehyde unite to form 1 mol. of 
benzoin : 2C,H,.C110 = C«Hi.CH(OH).CO.C«Hj. 
The action of the KCN is not understood. 

iVo 2 )er/ws.— Colourless, lustrous, six-sided 
prisms. SI. sol. boiling water. V. sol. hot al- 
cohol ; si. sol. in cold. Gone. H^SO^ dissolves 
it with a violet colour. 

lijactions.- l. Partially decomposed by dis- 
tillatimi. Repeated distillation breaks it up for 
tlic most part into 2 mols. of benzoic aldehyde ; 
a smaller portion yields benzil and deoxy- 
benzoin : 20^11, ,0, = C, ,II,oO, C, ,11, ,0 + H,0 
(Zinin, B. G, 1207).— 2. Treated in alcoholic 
solution with zinc and hydrochloric acid it is 
converted into deoxybenzoin (Zinin, .1. 12G, 218) ; 
at tho same time deoxybenzoin -pinacono, 
C. Jig, (Oil).;, and hydrobenzoin are formed (Gold- 
enberg, A. i71, 332). Sodium amahjam reduces 
it to liydrobenzoin. Heating with cone, hydriodio 
acid for some hours to 130'’ converts it into di- 
benzyl C,,!!,,, (Goldenberg). By distillation with 
5/uc-d«.sht yields stilhono, Cull,.., togotlier with 
an oily hydrocarbon isomeric with stilb(!ne (Jena 
a. Jjiinpricht, A. 155, 00).— 3. Nitric acid oxi- 
dises it to benzil (Zinin); but chromic acidyOt 
potassium pcrmauijanutcy eonvert.s it into benz- 
aldehydo and benzoic acid (Zincke, li. 4, 839). 
It reduces Fchliny's solution in the cold, a pro- 
perty common to all compounds containing the 
group CO.Gll(OII) (E. Fisclier, A. 211, 21.5).— 
4. Fusion witli caustic potash converts it into 
benzoic acid witli evolution of liydrogen (Liebig 
a. Wohler, A. 3, 27G). Wlien dislilleil with soda- 
lime, the benzoate wliicli is Hr.st formed is decom- 
posed by the c.xce.ss of soda-lime, and benzene 
is obtained (Jena a. Limprichl). The action of 
alcoholic. iKdask ia compU'K : wlien benzoin and 
alcoholic potash are heated with aceess of air, 
benzoic acid, a small quantity of benzilio acid 
(C,,n,,pj), benzoin ether (C..,,11....J)3 [L”>7°]), and 
a eonipound G3nll..)0, (to which ' Limpricht a. 
Sehwanert gave the name ethyl-dibcnzoin, assign- 
ing to it the formula Gn,H..,;0,) arc formed— this 
last, however, is produced from benzil generated 
by the air-oxidation qf the benzoin [v. Benzil). 
It tho benzoin is heatetl with alcoholic potash in 
a swded tube (i| 100^ the products are benzoio 
acid, hydrobenzoin, and ethylbenzilio acid 
(C,„ 1 I„ 04 ). With very concentrated alcoholic 
potash at 160° benznin yields benzoio acid, 
stilbeno.a compound C,,.,n ..,^02 and ^ quon- 
I tity of ethyl-benzilic acid. By heating benzoin 
with a solution of sodium ethylate in alcohol, 

‘ cthyldienzo'iyi, C,,H,,0.„C.;II, [9.5°], is formed, 
together with the various products already men- 
tioned. Prisms, with a vitreous lustre, v. sol. 

: alcohol (Jena a. Limpricht, A. 156, 89 ; Limpricht 
j a. Sehwanert, B. 4, 836 ; Japp a. Owens, C. /• 
I 47, 90).— 6. Chlorine acts like nitric acid, con* 
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ferting bensoln into bensfl (Laoient, i. CK [3] 
69» 401).— 6. When heated with fuming hydro- 
acid at 130° for 6 or 8 houre it yields 
leptdene, OjnH^O {q. v.), benzil, and a thick 
Tellow oil (Zinin, J. pr. 101, 100).— 7. When 
lK>iled with dilute sidphuric acid it parts with 
the elements of water, yielding oxylepidene : ~ 
2CnH,._.0._, - C.JI „0, + ‘JH,0 (Limprieht a. 
Schwancvt, B. 4, Concentrated sulphuric 

acid converts it into benzil (Zinin). 8. Heated 
with alcoholic, (nnmonia for soim* hours at 100° 
in sealed tubes it yields bcn'oinam, C_,„H_,,N/) 
(silky needles, v. si. scd. alcohol, melting with 
decomposition), henzoiniUim, C.;JI..,NCL? 
(granular crystals, si. sol. alcohol), and U'tra- 
C..H,.C - N - C.C,Hj 

phcnyl-azinc, ;| | |I [240'^], to- 

CJI,.C-N C.CJI, 

gother with some lui)hine, C..,lI„jN2. Tetra- 
phenyl-azino is best jiri pared by healing henzoin 
with ammonium acetate until the salt is volati- 
lised, dissolvint! tli<' j 'odiiot in the strongest 
alcoholic hydrocdilorio acid, and ppg. vvilli alco- 
hol. V, si. sol. alcoliol, V. sol. alcoliolic liydro- 
chloric acid, v. sol. l)oi!iiig benzene, sol. with 
blood-rod colour in cold cone. II ,S(),. Suldinies 
without decompo-'ilion. Healing with soda- 
lime convi'i'ls it info h - ttrinc 

CjsH„iN, (Laurent, .1. Ch. [‘2: (b), 181; Lul- 
mann, * 4 . Idfi, 181 ; Japp a. Wilson, C.J. iHKb, 
825; Japp a. Ihirton, J. 188(J, 813; Iss?, 
98). — 9. IJenzoin reacts witli the prinuiry 
amines of th'' bc)j:> noid series, when heated 
with them to 200 \ ( liminating 1 mol. of water 
and generating feelily basic compoumls which 
by boiling with acids are decomposed into 
tljeir generating substances. Anilbeir.un 

0^114.011(011). C(N.C„H,).C,jlIj [99°], from ani- 
line and benzoin, forms yellowi;h needles, 
V. sol. most organic inenstrna. Yields 
with nitrous aci<l nltntso • (inilbenicin 

cji4.CH(on).(:(N.cji,.NO).(vir4 fiiipj, with 
acetic anhydride tx momieehil.th rivntiyc [153°], 
and with bromine a uionubronto • derivative. 
[168°1. Sodium amalgam reduces anilbenzoin 
in alcoholic solution to hydrobmzoinanilidc 
0,H4.CH(0H).CH(NH.CJI,)CJI, [119°j, which : 
forms with sulphuric acid a salt not decomposed i 
by boiling with the dilute acid. - p-Tolilbcnzoin 
C,H4.CH(OH).C(N.CJl,.CII,).C,n, (144°J re- 
aembles in its properties and its behaviour 
towards reagents the aniline compouml. It, 
yields witli nitric acid a mono-nitro- derivative : 
[125°] and a di-nitro- derivative [195°].— 

- Naphthilbc7i:oXn [130'^ also resembles | 
the aniline compound (Voigt, J. pr. 31, 
1).— 10. Benzoin reacts, with hydroxylamine 
and with phenyl - h ydrazi tie. — Ben ?oin - 
C,H4.CH(0H).C(N.0H).C,H, rfir^_i;V2°]. ^An 
alooholio solution oi benzoin is mixed with . 
an aqueous solution of hydroxylainine and ' 
allowed to stand for a week. Microscopic 

S risms, soluble in benzene (Wittenberg a. V. 

[eyer, B. 1C, bOij.—Bcnxo'in-f^henylhydrazide, 
C^4.CH(OH).C(NJI.C,H4;.C,U4(ia5°l. Benzoin 
and phenylhydrazino, together with a little 
Idoohol, are heated at 100°. Needles, sol. benz- 
ene (Pickel, A. 232, 229).— 11. By heating with 
ad-chlorides the hydrozyiic hydrogen of benzoin 
maybe replaced by acid radicles to form ethereal 
i^la. BiOzoXn acetate, C|4H„(C2H,0)0, [75°], 


From ^soln and aoetyl chloride. Ifonoolinfe 
prisma or tablet, y. sol ether and aloohol 
(Zinin, A. 104, 120 ; Jena a. Limprioht, A, 155, 
92)^— BwwoVn benzoate, C,,!!,, (0,11,0)0, [125°). 
I By warming benzoin with benzoyl chloride. 
! Slender needles. Sol. hot alcohol. Yields a 
I mono-nitro- compound [137°] (Zinin).— BenroVfi 
! s»ccinn/c, (C,,H,,0._.).,C,H,0^ [129°!. By heating 
; benzoin with sucoinyl chloride to 100 ’. LeaHota 
} from alcohol. Sol. also in ether and CS, 

I (Lukanin, /L5,33l).- 12. Wlum lu iizoin is h<>atod 
with hydrocyanic acid .and 'alcohol to 2lU)° tho 
pr«K‘es.s of its formation is reversed and it is 
I broken up into benzoic aldehyde. A part of the 
benzoic aldehyde undergoes a further eliange, 
yitdding nmongst other produets ethj lie. biMizoato 
; (Michael a. rainier. Am. 7. 192). 1.3. Phenyl 

; r?/u/mh‘ forms Ph.CH(t).rONPhlI).CO.I'h (103°) 
(tiumpeii, J. pr. \'2- .32, 2S()). !•'. U. J. 

BENZOIN, OtlM. A resin which Hows from 
the bark of Styrax benzoin, a tree growing in 
Sumatra, Borneo, Java, and Siam. (Imn ben. 
zoiii contains, besides various resins, benzoic 
n<‘id and, frequently, cinnamic acid. Siamese 
and Palembnng benzoins arc free from cinnamio 
iKUfl. Potash fusion produces iK'nzoic,, p oxy- 
benzoic, and pmtocutechuio acids, and pyro- 
<•a1echi^. Distillation with zinc-dust gives 
toliicno and a little o-xylene, naphtlialeiio, and 
methyl-naijhtlmleno. 

/b’/Vn /KVij.— Dnvenlorhen, P. 8, 397 ; Van 
dor Vliet, A. 34, 177 ; Kopp, 0. B. 19, 1209 ; 
Kolbe a. liuutemann, ,1. 115,113; 119, 130; 
Deville, A. Ch. \:\] 3. 192 ; AslmlT. J. IHOl, 400 ; 
Wiesner, J. 1^72, 1000; Tins ten, J. 1874, 
922; (bamician, Ji. 11, 274 ; Saalb Id, A. Ch, 
[3] 10. 230. 

BENZOiN DI-p-CAEBOXYLIC ACID 

c, JI i.(^< M O.ci 1 (< )H).(3 ).(!,,ii 

1*\ rmed by o.xidution of di-p-ableliyilo-benzoin 
with KMriO,. Short felted ncedli .s. Sublim- 
able. Infusible. Ag-^A". Di -me thy I ether 
.Me. A": (120 ] (Oppenheimer, B. 19, IHIO). 

BENZOLElC ACID ( J1,„0., Ilydmbrnzoic 
achl. Formed, together with benzyl alcohol, by 
the action of sodium amalgam on an aqueous 
solution of benzoic acid kept acid by HCl (Iler- 
iiiann, A. 1.32, 75; Otto, A. 134, 303). Oil, 
smelling of valeric acid, heavier than water, v, 
sol. alcohol and ether. VAk’: oil. 

BENZOLINE.* A mixture of paraOlnH (box* 
one, heptane, octane) boiling between 70° and 
100° obtained by distilling petroleum or iiarafHn 
oil. The mixture is also called petroleum 
spirit or ligioin. , ' • 

BENZOLON. identical with lophino (v, 
Bknzil). 

BENZODIMETH'^LANILINE v. DtUKTilXL. 

ASimo-IlKNZOI'IlKNONK. • 

m-BENZO'DI - METHYL - DI - FDRYVBAVl, 

(1) f.^) 

(S, («iir4) 

[c. 27°). (270° at 720 mrn.). Obtained by OYft* 
porating (^)-beuzo-di - methyl -di - furfurane-di« 

carboxylic ether C,H,(<^(J®>C.CO,Et), witii 

alcoholic KOH and lime, and dry digUllation, 

; Prisms. By warming with cone. a port 



m 

B908; 80. 1887). ' ^ ' 

|).Beago.ai.met8yl.djUftirftiraii« 

[108°J. Obtained* by 

beating the potassium salt of the di-carboxylic 
acid with lime. Largo pearly tables with bluish 
Ouorcsconcc. V. sol. alcohol, ether, etc. tNuth. 
JS, 20, J3.'17). 

Benzo.tri methyl-tri-furfarane CiiH,,Os i.e. 

Needles. 

Very soluble in ordinary solvents. Formed by 
evaporating the tri-carboxylic ether 

C*(<^^Q®^O.CO.^t), with alcoholic KOII and 

lime, and dry distillation (Lang, B, 19, 203(i). 

o-BENZO- D1 . METHYL - DI -FUEFUEANE 
DI.CAEBOXYLIC ACID 

j. Obtained by sapo- 

nidcatjon of the ethyl-ether which is formed by 
dissolving in cone. If, SO, the product of the 
action of chloracotoucctio ether (2 mole.) upon 
di-Bodiiim pyrocatcchin (1 mol.). Amorphous 
solid.- llaA" 2aq. 

Buethy I ethet floo*’]; short prisnis 
(from alcohol), or long white needles (from 
other) (Nuth, JJ, 20, 13.37). 

(a)-»w-Benfo-di-methyl-di-furfttrane di>car> 
boxyllc acid C,,n,„0, i.c. 

(2) (4<»rfi} 

above 810°J. Formed by saponifleation of thedi- 
ethyl-ether. This ether is obtained, together 
With a much larger quantity of the (^)-i8om(!rido 
by the action of chloro-aootacetic otlug* unun di- 
sodium resorcin CJl,(ONa), in tfPcsenco of 
alcohol, extracting with bonzene, dissolving the 
undissolved portion in cone. 11, SO,, pouring 
into water, and extracting with ether; when the 
ethereal solution is mixed with liot alcohol and 
allowed to cool tlio (o)-ethiir crystallises out. 
Whilst the (fl)-cther remains in solution. The 
two others are also formotl (the a in very small 

quantity) by heating oxy methyl-counmrilic other 

f4) Jj.' 


DUfhpi : [1««3 1 «irtu whit* 

fleedlea ; more ^able than the (A-uometfde. 
Formed, toge^ with a small quantity of the 
(B)-ether, by the action of chloro-aoetacetio ether 
upon dry di-sodium resorcin, extraction with 
benzene, dissolving the residue in cone. H-SO 
pouring into water, and extracting with ether! 
Also by heating oxy-methyl-coumarilio ether 


(1) 


(1) 

CJl,(OH)<^ Q ^C.CO.,Etwithchloro-acetacetio 

( 2 ) 

ether and alcoholic NaOEt, and dissolving the 
product inH, SO,. By evaporation with alco- 
hohe KOH and lime and dry distillation it 
yields (^) . benzo -di - methyl - di . furfurane 

(Hantzsch, B. 19, 2930). 

p-Benzo-di-methyl-di-furfurane di-carboxylic 

acid C.H,(<;<5“''^C.C0,H),. Obtained by 

I saponification of its. ctbjl-elher which ia 
i formed by dissolving in cone. II, .SO, the 
I product of the action of chloro-acctacetio ether 
I (J mols.) upon di-sodium hydroquinono (1 mol.). 
Amorphous solid (containing aq). 

Ag.A": white pp.— BaA" 2aq ; si. 
sol. ycllowish-wliilo powder. 

glistening 

on^ V solvents (Nuth, B, 

j 20, 1331). 

Benzo-tri-methyl-tri-furfurane-tri-carboxyllo 

acid C..H„0. U C,.(<CM<'^C.CO.h).. 

Fornied by saponilloationof its ethyl ether which 
. 18 obtained by treating dry powdered tri-sodium- 
I pliloroglucol (1 mol.) with chloro-acetacctio 

■ other (3 mols.), dissolving the product in H,SO. 

, and pouring into water. Gelatinous pp. (contain- 
; ing aq . Scarcely soluble in alcohol and ether. 

' mostly insoluble and gelatinous. 

BajA 7aq: microcryslaliino. 

■ fC/n/l ether Et,A- : [c. 208'^] ; small white 
glistening needles ; si. sol. all solvents, most 

; readily in chloroform (Lang, B. 10, 2035) 

BENZONAPHTHONE V NAPinimourwE 
roy/.(a)-NArHTnYi,\MiNE. 

Fomuitio7i.-^l. By the dry distiUation of 
omnioniura benzoate (Fehling, A. 40, 91).— 2. 

; Irom benzamide by heating it alone or with 
i a- Schultz, A. 196, 48), BaO 

(Hofmann a. Bucks. 

' P (tioncke, A. IOC, 270), or 

(Henry J. 2, 307).- 3. By heating hSp. 
purio acid alone (Limpricht a. Uslar, A. 8§, 
1.13), or With ZnClj (Gdssmann, A. 100, 74). — 4. 

By the action of BzCl or Bz.,0 on benzamide.- 
o. By the action of BzCl on oxomide, on potas- 
sium sulphooyanide (Limpricht, A. 99, 117), or 
on potassium oyanate (Schiff, A. 101, 93).— 6. By 
. eating Bz,0 with potassium cyanate or aulplio*: 

, cyanide.—?. By the action oi HgO onttiiotwn^ 

I By heating benzoic acid with fl«|- 

j phoc-yamde of lead (Kriiss, B. 17, 1767), or M 
; iwtassium (Letts, B. 5, 678).— 9. From POtii^ 

I Bium benznjLtA An<1 


0(H,(OH)^ ^C.CO.JU wdth ohloro aceto- 

* • 

^tic ether uud alcoholic NaOEl, and dissolvinc 
the product in H,SO,. The acid is a whim 
miorocrystalhno Bo]jd. Scarcely solublo in 
water, more readily hi alqphol. *Tho salts of 
' w f'paringly soluble, 

warn produces a pure blue colouration 

“ .1 nc«,tl,a‘; 

tl. sol, alcohol (Hantzsch, B, 19, 2930). 

i«***r“' “W c„H„o. M. 

(1) (5> 

|H0/!.0<^^«>C.n.<C«<’>C.CO.H. [Far 

« (*) (Gor4) 

'>y e«ponifiC8tion ol its 
ether. Miorocrjstalline solid. Scatcelv 
j ^bl« m water, mote easily in nleolrol. Gives 
§sW“^Iy Boluble pps. with the salts of the 



. d, pM* unixton 

- iauultnB^ oulio teid 
BBB).—!!. Formed bj distilling formaoilideoTar 

iiim-doBt; the ^rield is nearly 20 p.o. of the 
lormanilide (Gasiorowski a. Merz, B. 17, 73; B. 
18, 1001). — 12. Formed logetlier with sodium 
formate, by the action of dilute NaOII upon 
aniline di chloro-acetate (Ccch a. Scl»webel, C. C. 
1877, 134).— 13. Formed by running an aqueous 
solution of diazobenzenc chloride into a hot so- 
lution of Cuj(CN).. (Sandmeyor, B. 17, 2G53).— 
14. By heating tri-phenyl pliosphato with potas- 
sium cyanide or ferrocyanide ; the yield is 25 

& o. of the theoretical (Scrugham, .1. 92, 318; 

eim, B. 16, 1771). — 15. By lioating potassium 
benzene sulphonate with KCN (Merz, Z, 1868, 
83). — 16. From K,FeCy,j and chloro- or bronio- 
benacne at 400'^ (Mcrz a. Wcith, li. 8, 918 ; 10, 
7491.-17. From iodo-benzone and AgCy (Merz 
a. Soholnbcrger, B. 8, 1630).— 18. Together with 
terephthalonitrile, by passing a mixture of I 
benzene and cyanogen tlirough a red-hot tube j 
(M. a. S.). — 19. By passing dimethylanilino I 
through a red-hot tube (Nietzki, IL 10, 474). ! 

20. By the action of CyCl on bonzene in pre- 
sence of aluminium chloride (Friedel a. Crufts, 
Bl. f2J 2!h 2). 21. From bromo-benzcne, CyjClj, 
and Na (Klason, J.pr. [2] 3.'i, 83).- 22. Bv boiling 
phenyl thiocarbimide with tinely divided Cu.— 
23. From plienyl carbamine by intramolecular 
change at 240'’ (Weith, B. 6, 213).— 24. By the 
action of acetic anhydride on benzaldoxiin 
(Lach, B. 17, 1671). 

Properfh’.s'.-— Colourlosfl oil, smelling of al- 
monds; sinks in cold, but swims in hot water; 
miscible witli alcoliol and ether. 

lit'uciions.—l. Cold aqueous potash has no 
action, but on boiling it forms Nil, and KOBz ; 
dilute aculs act similarly,— 2. Heating with 
potassium gives KCy, cyaphenine, (CJIj),Cy,, 
and other bodies (Uiiigloy, Chem. Oaz, 18.»i, 
829; Hofmann, B. 1, 198). When the boiling 
alcoholic solution is treated with sodium, the 
greater part is saponitied whilst a smaller 
portion undergoes reduction to benzylamino 
and to benzene (Bamberger a. liodter, B. 20, 
1709).— 3. H,S or ammonium sulphide forms 
thiolranzamide.— 4. Zn and HCl in alcoholio 
solution form mono-, di-, and tri-benzylamino 


M, J88e..-tt 
^ 90 , tt gIfM tb* bamort 

methylene diamine (j.it.).— 9. With diphsHi/i- 
amine hydrochloride at 180® it forms di-phenyl* 
tenzamidine; but at 240® it forma a Base 
rift. 30 ], thus: C,n.C(NH)N(0,n,),- 
NH, + 0„1I„N. Properties. —Thick prisms (from 
, bertzene), containing benzene of crystallisation ; 
yellow tablets foecasionally from benzene) ; long 
thin prisms (from alcohol). The tablets are 
monoclinio, a:b:o»'6875:lir)014, L-rfir'ilF 
(Bodewig). Soluble in btuizene and ether, 
slightly in alcohol. Its alooholie solution is 
neutral. Acetyl chloride does not act on it. 
Salts: B'UCl. N.arrow rod prisms, FAbove 
220®.]-(B'UCl),rtCl,. ^ 

CombitMtions.~l. With metallic chlo- 
rides. — (C,HjN),AuCl,. - (C,ll,N),rtOL.— 
(C,H.N),SnCI..-(C,H,N),TiCl. (Uniko, A. 100, 

I 284).— 2. With halogens. C„Ili.CBr:NBr.- 
(CjlIjCN) Jlfj : needles (Kngler, A. 133, 137).— 
3. With hydrogen ohloride; C,H^N 2HCl 
(Pinner a. Klein, B. 10, 1891 ; r/. Gerhardt, 
TraiU, 4, 7C2). -- 4. With hydrogen bro- 
mide. C,II,N2HBr. [70 J (Bugler, A. 149, 
307). — 6. With alcohols. ~y>Vn;tmt^o* 
ethyl ether, CJI,.C(OBt):NH. TJic hydro- 
chloride, B'HCI, is formed by pa8.sing dry HCl 
gas into a mixluro of ethyl alcohol and benzo- 
nitrile, diluted with ether. Largo glistening 
prisms ; decomposes on lieating to nl)out 120® 
into Cthvl ohloride and hr'nxiLiinMu 7> 


(Mendius, yl. 121, 129; Spica, O. 10, 6*1.5). - 5. 
F^ming H^SO, forms, on heating, benzene siil- 
phonio acid ; at 20^^ it forms cyaphenine. Ben- 
Bonitrile GOg.) cooled with ice and treated with 
fuming H, SO, (7 g.) added slowly, forms di- 
benzamide NIlBz.^ [148'’], and ‘benzimido-lK'nz- 
amide* NHBz.ClNH^.C.Hj [106'’], called by 
Flnner a. Klein ‘ beiizimido-benzoate ’ and 
‘dibenzimido-oxide,’ respectively. Dilute HCl 
eonverts the former into the latt«f (F. GumjKu-t, 
[2] 30, 87; Pinno., tbul, 176).- 6. B(4Ted 
with tine ethyl it gives oft ethane (1 vpl.) and 
■rli olefine (1 vol.) and forms a product, whence, 
hy treatment first with alcohol, and then with 
aqueous HCl, cyaphenine {q.v.) and the hydro- 
aoloride of a base which orystaUiscs in six- 
(Mfded plates, C„H„NjCl, is formed. This body 
0197®] ii readily soluble in alcohol, but sparingly 
ill water. Potash liberates the base as a 
iitdbmdess oil (Frankland a. Evans, C. J. 37, 
By exhaustive chlorination with SbCl, 
l^nta-qhloio-cyano'benzene C^Cl^CN) 


into ethyl chloride and benzamide (Pinner, B. 
10, 16.54). Beneimido - isobutyl ether 
[ CGIj.C(00,II,):NII. The liydrochloridu B'2HCl 

> is formed by passing HCl into a cooled mixture 
of benzonitrilo and isobutyl alcohol (Pinner a. 

> Klein, B. 10, 1890); it gradually lose.s HCl bo- 

i coming B'llCl, fl35°).— Byij,PtCl„. - Bll^dO,, 
^ acids. — Bemimiilo • acetate 

’ CaHj.C(OA^):Nn, fllO'’]. From honzimido* 
» isobutyl ether and Ac.p (Pinner a. Klein, B. 11, 

> 9). 7. WitJi incroaptans. — BenzimidO’ 
I ethyl thio-cther CJl4.C(SHt):NlI. From 

benzonitrile, mercaptan, and HOI, or from thio- 
' benzamide and EtI (Berntliscn, A, 197, 348). 

' Oil; decomposes readily into mercaptan and 
I benzonitrile. — B'HCI. [188’’]. — B'.,H,PtOI,.— 
B'HI. [142°]. Benziviido-isoamyl thio» 
ether 0„H,.C(SC,II,,);NH. Thohydioohloride, 
B'HCI, is formed by passing IJCI into a mixture 
of benzoniVilo and isoamyl mercaptan (Pinner 
,a. Klein, B. 11, 1826). Tho free base is an 
j oil. Benzimido - benzyl - thio - ether 
C,n,.C(SC,Il,):NH. Prepared like tho ethyl 
ether. -B'HCI [181®]. 

Derivatives of Benzonitrile are described at 
BhoMO-, NiTRO- Ac. BKNZONmirLK, 

BEHZO'PHElfOL v. ^xv-BENZopiiBnoNx. 
BENZOPHENOHE r„n„.() U. C,H»CO.O.H„ 
Di’phenyUketonc. Mol. w. 182. [48°J. (806® i.V.), 
Forwafion.— By tho dry distillation of eal. 
cinm benzoate (Peligot, ^4. 12, 4 1 ; Ghanool, A. 72, 
279).— 2. From BzCl and lIgPbj, (Otto, B. 8, 
j 197).— 3. From BzCl and benzene in ptesenct 
of AljCl,.— 4. From benzoic acid, benzene, and 
i PA 1510® (KoUarits a. Merz, B. 6, 446, 638), 

: 6. From benzene, 0001,, and ALCL (Friedel, 

I Crafts, a. Ador, C. B. 85, 673).->-6. By oxidatioii 
i of di-pbenyl-methane (Zincke, A. 169, 877). 
i Prcparafio».~.From BzCl, 0 A* wd 
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the yield is 70 p.e. of the oalculaied (Elbe, J» pr, 

[3}H6,d65). . , . , 

Properties.-^Vmms ; msol. water, ▼. sol. 
alcohol and ether. » 

lieactions.—L Itcduced by HI to di-phenyl- 
methane (Graebe, B. 7, 1624).— 2. Reduced by 
tinc-dusl to di-phenyl-methane, tetra-phcnyl- 
cthylcne, and tetra-phenyl-ethane (Stacdci, A. 
11)4, :i07).~3. Putaah-fxision gives benzoic acid 
and benzene. '4. Reduced to di-phcnyl-carbinol 
by sodium-amahjajn or by heating with alcoJiolic ■ 
puta.Hh. — 6. Axnnumia has no action. -6. Zn ■; 
and alcoholic ll.HO, reduce it to benzpiiiacono ^ 
and (a)- and (3)- benzpinaeoliu (Zincke a. 
Thdrner, 7J. 11, IdllO). -7. AcCl in presence of 
zinc-dust acts on an ethereal solution forming 
crystalline (o)- and (3)- benzpiriacolin. — 8. PClj 
forms di chloi'o-di-plieiiyl-mcthane.— 9. Passage 
through arcddiut tube slightly decomposes it; 
the i)roduct contains bcuizeiic, di-phenyl, and 
p-di -phenyl-benzene, while gaseous carbonic 
oxide, hydrogen, and acetylene escape (Rarbier | 
a. Koux, C. Jt. 102, 1559).— 10. When heated ! 
with ammonium formate at 200^ -220'^ it yields ^ 
the huinvl derivative of di-phenyl-carbinyl- 
amine(C,ll,0..OlLNli.CIIO(Leucharta.Rach, 11 
19, 2129).— U. P.,Sj at 100"' forims 

crystallising in lustrous Hat rnonoclinic 
needles. At 200'’ it turns deep blue (Japp a. 
Rasoheii, C. J.iO, 481).-12. IVS., at 140'’ forms 
[227'’], crystallising in minute pl.ites, 
insol. alcohol, si. sol. hot benzene. On melting 
it turns deep blue. It is oxidised by CrO^ in 
UOAc to ben/ophenone (J. a. R.). 

Oxiin (0,lfj,).^C;N01I. Di-phcn\ihkdoxim. 
[MO’]. Prf'pared by boiling an alcoholic solu- , 
tion of benzophenone (30g.) with liydroxylaminc ! 
hydrochloride (2Hg.) and a Itlllc 1101 for a day 
(Ih'ckmann, IL 19, 988; Jaimy, ^ 15, 2782). . 
Silky i\oedl(‘s, V. sol. ether and aenonc, m. sol. 
benzene and ligroin, v. hI. 8(d. cold water. Sol. 
acids and alkalis. Resolved by acids into its con* 
gtituents. By PClj or TOCI, it is converted into 
w-ohloro-lK'nzylidone-aniline, C,,ll,.N:CCI.O,;f I,, 
produced by intranndeeular cliango from 
(0,^11, ).jC:N(!l (B.). By warming with cone. 

to 100"’ it is converted by similar isomeric 
change into benzanilide (Beckmann, />. 20, 1507). 
Saltfl.- C,.,]l,„N(ONa) ; cryslallino i)owdor. — 
0„H,uN(01I).llCl : white pow<Ier. 

Methyl -oxim C„U*N(O.Ma) ; (92'’J ; 

yellow crystals. • 

Kthyl-oxim C„U„N(Ol-:t) ; (276'’- 279'’) ; 
flui.1. , , 

Ih-miil-oxivi C,,jr,.N(00,U,) : [SOO]; 
white crysfals. 

Aci 'lyl oxivi C,,II„N(OAc): [65'’]; white 
crystals (Spit-gler, if.*17, 810; M. 6, 203). 

1‘hcriyl /n/dra.' ufcPh.,C:NJlPh. p?'’]. 
Got hy boiling benzopbenono with phenyl hydra- 
«ine and alcuhol ; or by heating the oxim with 
phenyl-hydrazine, N.^ and Nil, being evolved. 
Ncudle.s (from alcohol). Insoluble in water, not 
very bolublo in alcohol. Heated for some time 
with dilute (20 p.c.) UCl, it is resolved into 
benzophenone and phenyl hydrazine (Pickel, A, 
232, 228 ; Fischer. U. 17, 676; Just.R. 19. 1206). 

Isoiuoride of Benzophenone. [26^]. (305°). 
Sometimes formed in oxidising di-phenyl-me- 
(hit&e or in distilling calcium acetate with 


oaloiqm benzoate (Zinoke, i. i59i 967). BeadUy 
changes into ordinary benzophenone. 

Derivatives of benzophenone are described as 
Amido-, Bbomo-, Chloro-, Gtano-, Nitbo-, Oxt-, 
Ac,, Benzophenone, and as Di-PHENYLENB-KBTONB 

OXIDE. 

BENZOPHENONE-CABBOXYLIC ACID 

Benzoyl-benzoic acid. 

BENZOPH£NON£-DI-^-CABBOXTLIG ACIB 

[4:1] C«H,(C0.,H).C0.C,H,(C02H) Formed 
by boiling di'/J-cyano-benzophenone with alco- 
holic KOH (Bromine, B. 20, 522). Also by the 
oxidation of di-lolyl-mcthane, or di-mcthyl- 
benzophenone, with chromic mixture (Weiler, 
/A 7. 118.;; Ador a. Crafts, B. 10, 2173). Mi- 
croscopic needles. Sublimes at a high temper- 
ature without melting. SI. sol. alcohol, benzene, 
and ether. S. (hot water) = 002. The NH, 
salt gives pps. with salts of Fe, Go, Cii, Ba, and 
Ca, but not with salts of Pb, Cr, Zn, Mg, and Ni. 
Silver salt A"Ag.^, Ag.O: insol. water. 
Di-xnethyl cthiv A"Me.^ : [138°]; large 
needles (B.). 'Ag.A' (A. a. C.). 

Benzophenone dicarboxylic acid 
C,H,.CO.C,Il,,(CO,ll),. 

BemonUifioidihuilic acid ; [280°]. From 
bcnzyl-isoxylene and chromic mixture (Zincke, 
B. 9, 1762). Si. sol. hot water and CHClj, v. 
sol. alcohol. Gonvoitod hy Zn and IICI into 
the lactone of C„liyC(011)H.0,;H3(C02H)|.— 
Salts: ('a.V'a(i.— Ba.V'acp — Ag.^A". 

Methyl ether A". [118°]. 

E thy I ether Et.A". [95'°]. 

Benzophenone dicarboxylic acid 
CJI..C0.C„1I,(C0,H),. [1:2:5]. 

hemo}jl-tcrei)ht}ialic aeid. [290°] fW.); 
[285-’j (F;.). 

Fonnation.~-\. By o.xi(lising bcnzyl-cymene 
with chromic mixture (Weber, .7. 1878, 402). — 
2. From benzoyl-p-xylene and llN'Oj (S. G. 1*16) 
at 170° (Fibs, /. /»•. [2] 35, 479). -3. From 
phenyl p-cymyl ketone and dilute IINO3. 

I’ropertks. — V. si. sol. water, v. sol. alcohoL 
Reduced by Zn and HCl to 

CJl3.CIl(OH).C,.ll3(CO,H)j.-CaA"aq.— 
BaA" oaq.— A.gA". 

Methyl ether [101°]; needles. 

Ethyl ether VA.A". [101°]: prisms. 
Benzophenone teira-carboxylic acid 
CJI,.CO.C„Il(CO..II),. From benzoyl -iso-durens 
and'KMnO, (Fssnor a. Gossin, Bl [2] 42, 170). 

I BENZOFHEKONF CHLORIDE is exo Dt^ 

I OHLOBO-DI-PIIENYL-METIIANE ((?.v.). 

I BENZOPHENONE OXIDE v. I>i PU£NYLKNB. 

! ketone oxide. 

BENZOPHENONE SULPHONE G„H,SO,U 
I [187°]. From benzophenone 

I and fupiing H.^SO, (Beckmann, B, 6, 1112 ; 8, 
992). V. sol. other, sol. alkalis; converted by 
water at 190° into an isomerido (?) [176°]. 

I BENZOPHENONE DI-8ULPH0NI0 ACID 
i G, 3 H,,(S 0 JH). 30 . From benzophenone and fam> 
! ing HjSCfl by warming (Staedel, A. 194, 814), 
! Gouverted by potash fusion into phenol and j^ 
! oxy-benzoic acid.— BaA". 
i Chloride CO(0,H,SO.3Cl)r [122°] (Be^. 
■ mann, B. 8, 992). 

BENZOPHENYL- BBNZOYir fBDiil^. 





iii tt iiii- fttpivioilio now if. v.)« 

imoraAcoLiini SKNiruUOOUK (}. v.). 

BKnomAOOKE is BsNzmACoNK (a. vX 

BSHZOQVIKOL is HrDK.iQniNoyE (^.r.). 

SSHZOatriNONE is Qcinonk {q, r.). 

BEHZOKESORCIN v. DioxYnK,\/a>rHKNOK*K. 

BI-BENZO-BtSOKClN v. Di<tXYPHi:NTLKXK- 

W-PHSimi-Ul- KETOXB . 

BEKZOSTILBINE is lophinc (r. p. 47 i). 

BENZO'StrCCINIC ACID r. Bknzoyl-succimc 

AOCD. 

BENZOTHIAMIDE v. Tmo-M-N/AMini!. 

BENZO-TOLVIDINE v. PiiKNYE amido-tolyii 

KBTONK. 

B£KZTBOPE][KE t\ BeNZOVL- i rKH’KIXE. 

BENZOXAMIDINE r. 1 B:nv.amm><ixim. 

BENZ-OXIMIDO-AMIDE I'. Ul NZAMlDi'XIM. 

BENZ-OXIMIDO-ETHYL-ETHER 
CJEI,,NO, i.e. C,.H,.C(01U):N0I1. Formod by i 
the action of hydroxyhunino hytht>clilori<l« on ' 
benz-imido etlior (r. Bi.nzonhiulf), (Pinner, B . \ 
17, 181). Colourless iiuid. Dicouiposes on 
distillation. 

BENZOXY. V. Bcfi.-: >yl-0\\^. 

BENZOXY-PROPIO-CAWBOXYLIC ACID v 
CARnoxY-iiKNzoYL-vii'irn'Nn’ acii). 

BENZOYL. 'I'ho ra<li<;]e CJl,{ 0. Benzoyl 
derivatives obtained by tlisplaerinent of 11 in i 
amidof^en, iini(itij,M'n, nr hydroxyl, are dosonbed 
tinder the compounds from whieh tliey arc tlius ; 
derived. 

Di-benzoyl i.s called Prx/in b/. r.). 

BENZOYL- ACET- CARBOXYLIC ACID v. 
Aoetopiikxo.nk M-CAI;aoXYMC ACIIe 

BENZOYL-ACETIC ACID (■ IMl^t.e, 
O^Hj.CO.CH .CO.II. Acctoi'hi >.>mc w-carhoxylic 
acid. [lOl'-'i. 

Fortnuti.ni. ■ 1. From the ( ther hy leaving 
it 24 hours with cold dilute KOil per eeiit.), ; 
cooling to 0® and thcji adding dilute II. SO,. 
The acid is then ppd. as white llakes (Haever a. 
Perkin, B. 15, 2705; 10, 2128; W. II. iVrkin, 
jun., G.J. 45, 17*)). - 2. From phen\l iiri)piolic 
acid and cone. H.^SO,, the solution In iuj; poured 
upon ice. — ;i. From the ether by ullowitig it to 
stand for I t days witli 20 vols. of cone. 11 SO, 
and then pouring upon ice (Perkin, C. J. 47. 210). 

Bropt’i tii s. - Minute needles, which p(dari>.e 
light (from benzene at 70° containing a lit*!.? 
light petroleum). At 104° it melts, and giv. 
oflf CO... SI. sol. light petroleum, v. sol. uleo- 
hol, ether, hot benzene, and hot w'atcr. F" Cl^ 
colours its alcoholic or aqneous solutions reddibh- 
▼iolet. 

Beaction. — 1. Heated alone or with dilute 
H,80, it gives acetophenone and CO,.— 2. '1 he 
ammonium salt gives witlvAgNO, a pp. of Ag.\'; 
with Fe,Cl,j a blaekish-violet pn. ; with FeSO, 
no pp. ; with CuSOi, a greenish -^llow PP-^ 

Methyl ether Me ' An oil prepared by 
the action of cone. H.^SO, on methyl* j)bi nyl- 
propiolate (W. H. Perkin, jun., a. Calma!!, C, J. 
ID, 154). Fe,Cl, gives a violet colour in alru- 
bolie solution. Sodium ethylate gives a wdiito 
amoi^lious salt, G,H.,.CO.CHNa.CC\Me. This 
tali is V. sol. water and hot alcohol. 

jEihyl ether. A'Et. (265°-270°) at 700 
mm. ; (230°-236°) at 200 mm. 

Formation . — 1. From phenyl-propiolic ether 
^00 g.) and (3000 g.) at 0^ After tlijxe 

VoIaA 


honn the prodoot ii poorad npoi powdered fee, 
and the new bodj extraeted with ether,— 2. Br 
heating diaxo-aoetic ether with benioio aide 
hyde (Buchner a. Curtius, B. 18, 2371).— 3. By 
heating EtONa (140 g.) with benzoic ether 
(300 g.) at 100°, mixing the product with acetic 
ether (.350 g.) and heating for I.'» liours at 100° 
(Clgif^en a. Low man, It. 20, 4. By the 

action of cold cone. ILSU, Uju.ii (oj-bromo- 
cinnamio ether (Michael a. Browne, H. 11), 131)2). 

i'roperfiVj?.- Colourle.ss oil. Partly decom- 
posed when distilled. SI. sob water, sol. alcohol 
and ether. 

Reactions. ---1. The alcoholic soUiUon gives 
with Fo...Cl.i a violet colour.- 2. Boiled w ith u ntcr^ 
or dilute H.SO„ it gives aeetophonoiu', alcohol, 
and Boiling for 8 minutes produces 

d. ljydro-benzoyl-acetio acid (q.r.). Boiling for 
3tt minutes forms two isomerides (C^ILOJ^. 
One of the.be (n « .3 ?) erystalliKoa in plates, 
[27.V'’J, in. «itl. Jiot alcohol, v. b 1. sol. bonzoue ; 
sol. alcoholi.* NaOJI hut ]>p(l. by CO,j. The 
second (n 1 ?) is an acid, not h»'ing ppd. by 
CO. frtun its .bolution in ab’oholio NaOll; oonc. 
ll.SO, forms a yellow stilution, turning violet 
when wanned (IN rkin, jun., C.J. 47, 2('i2).— I, 
NaNO. and IF, .SO, added to tlio sodium dcrivt 
tive pro.hiee an oxim of henzoyl-glyoxylio ether, 
Ph.('0.(’(NOlI).CO.Et {12P], whonoo alkalis 
jirodiie.e a sul)htanco C„1I„0, [125°]. 

Metallic derivatives. BzCllNaCOjFit. 
Cot hy a'lding NaOFt to alcoholic solution of 
tlm etJjer. Silky needh'S, turiiB brown in air; 
insol. ether. - (C„Jl„oj,Ba. — 0„II„AgO,.— 
(C,,ll,iO;,).jCu : pale green; solublo in aqueous 
NaOJI. On boiling Cu.p is ppd. 

Fit rile v. BKNZOYn-AcicToNiTurLB. 
Benzylidene-benzoyl-acetlc ether 
CJiy('ll:CB;:.CO.J*it. [1)1)° j. From benzoyl- 
acetic elljcr and benzoic? aldehydes, eithcii* by 
passing HCl at 0° into the mixtnro, or by beat- 
ing in a sealed tube (Perkin, jun., C. J. 47, 240), 
Monoclinio prisms; rt:5:c => l’27.‘U):l:'74()0 ; 

tSol. hot methyl alcohol. Gone. 
; If ..SO, forms a yellow solution, which becomes 
1 colourless on heating. 

! Bcnzylideae-di-benzoyl-di-acetic acid 
: (COiI.CIIBz),CIIP}i. (130°]. TI)o ctlicrs of 
thi.s acid are formed hy dropping diazo-uentio 
ethers (2 mobs.) into bcMizcdc uldcdiydcj (8 mols.) 
at 170^ (Buchner a. Curtins, B. 18,2.374). They 
dissolve ii^conc. Tl.^.SO, forming rose-coloured 
BolutioJiK, whieh turn brown on warming. The 
acid .and its etlicrs give off a smell of hyacinths 
when burnt. 

Methyl ether |j 1.3°J 
Ethyl (10.3°J; tables; NaOEt 

added to its ethereal solution gives 
((:(>.Et.CNal5z),CIIPi). 

Di-benzoyl-acetio acit C]]I3z..,.CO,,Il, [109°]. 
I’ormed by the action of BzCI on sodium 
benzoyl-acetic ether, and saponilication of the 
product w'ilh KOH (Baoyer a. I’erkin, jun., B. 
15, 2133; C.J. 41, 240). Blender felted needles, 
si. sol. cold aleoliol and water, v. sol. ether; sol. 
aqueous alkalis. Fc.,Cl„ gives a red coloura- 
tion. Cone. H.SO, gives no colour on warming, 
Jhactifjm. 1. Boiling water splits it np 
! into di - phenyl - methylene di . ketone, 
(C.H,.CO),CJI;. and CO,. — 2. Boiling dilute 
HjSO, gives acetophenone, benzoic acid, and 00,. 

II 





Ethyl Oils not 

]l0tli^l>bfiiBOjl-M«tlo mU ifl (a)«B]mzoTL> 

tBOPlONIO ACID (9. V.), 

Ethyl - benioyl - acetic acid BzCH£t.CO.^H. 
[111*^-116®]. From NaOEt and EtI on alcoholic 
BzCH^COJit, and saponifying the oily product 
by allowing it to stand for some days with alco- 
holic KOH (Bfwjyfjr a. Perkin, jun., B. 16, ‘2l50; 
C, J. 4fi, IHO ; 47, 210). Small needles, melts 
about 115^ with slight decomposition. Easily 
soluble in alcohol, ether, and benzene. Boiled 
with dilute alcoholic KOII, it gives phenyl- 
propyl -ketone; benzoic and butyric acids are 
also formed, especially if the potash bo strong. 

Ethyl ether KtA'. (2:i2'^) at 225 nun. 

Propyl-bonzoyl-acetio ether BzCilPr.CO d'it. 
(260 ) at 225 mrn. Prepared like the preceding. 
Alkalis from phenyl-butyl-kotono. PCI5 forms 
/S-chloro-a-propyl-cinnamio ether. 

Isopropyl-benzoyl-acetic ether 
BzCHl’r.CO.Et. (267°) at 225 ram. From benz- 
oyl-acetic other, Nh, and X’rl. 

Iso-butyl-benzoyl-acetio ether 
Bz.CH(ClI,.CllMe,).CO,Et. (217°) at 225 mm. 
Prepared like the preceding (Perkin a. Caiman, 
a. J. 40, 166). 

Di-ethyl-oonzoyl-acetic acid BzCEt CO ll. 
[128°-I30 'j. From liz.Clllilt.CO.Et by NaOKt 
and EtI. The diotliyl •benzoyl-acetic other is 
saponilied by standing for weeks with dilutu 
alcoholic KOH (Haeyer a. Perkin, jun,, B. 16, 
2161; C. J. 45, IH6). Heato<l alone or with 
dilute II^SO, it gives olT CO.^. Boiling dilute 
alcoholic KOH fornu benzoic acid, «lietliyla<’clic 
acid, and di-ethyl-acetophenoiie (i>. amyl-phenyl- 
kotonc). 

Trl-benzoyl-acetio ether. Cnz,.CO.Fit. From 
ethyl ui-benzoyl-acetato, NaOKt, and BzCl (Per- 
kin, jun., C. J. 47, 210). Thick yelhyv oil ; sol. 
alcoholic KOH but reppd. by watel** Boiling 
dilute II., SO, forms uccdoplienoiie. 

BENZOYL-ACETIC-ALDEHYDS 
C„n^.CO.OIl,.CHO. Prepared by dissolving 
sodium (1 atom) in 20 or .60 times its weight of 
absolute ah^ohol, cooling to 0°, and adding aceto- 
phenone tl niol.) and fonmo ether (1 inol.). On 
longstanding the sodium compound separates ns 
a granular pp. ; this is dissolved in water and the 
aldehyde by aci tie. acid. Colourless un- 
stable oil. Cupric acetate gives a pp. of bright 
green needles, whicli soon clfhnge t(%dark-gieen 
prisms. It reiict.s with amines verv readily. • 

Anilide G,H,.CO.r.H,.CH:NC' H, : [141°]; 
yellow prisms or phiti's; sol. hot alcohol. 

])■ To I u i de, r),H*.CO.CH,.CH:NC,H, : (1G0°- 
1C6°] ; small yellow crystals. 

{&)-Naphth ide 

CJl,.CO.CdI,.(:H:NC„.H,: [182°]; small bronzy ' 
crystals; si. sol. alino^l all solvents (Claiscu a. 
Fischer, Ih 20, 2101). 

BENZOYL - ACETIMIDO ■ ETHYLIC ETHER 
C,H,.CO.CH,.C(NH).OEt. f89°-5 corr.]. 

Benzoyl-acctonitrile C„HvCO.CHj.CN treated 
with alcoholic hvdroehloric acid gives rise to 
0,H4.CO.CH,.C(NkHCl)OEt and this loses HCl 
when treaU^d with ammonia giving the iraido- 
•ther (Hallor, Bl, [2] 4v8, 24 ; C. It. 104, 1418). 

Properties. — Prisms or tables. V. sol. ether. 

Reactions. - KNO, and H.SO, give thenitroso- 
darivttUvo CJH,.CO.'GH..CtN.NO).OEt [117 J, 


ii!iidlt|^VMldebenn«im*fia^ Zhelgtdto- 
obloride of the base dJisolf ed in aqnaoaf Almol 
deposits MH4CI and benzoyl-aoetio ether is left 
in solution. 

Hydrochloride B'.HC1. [140® oorr.i 

Entangled needles. Insol. aq and ether. Strongly 
irritates the mucous membranes. 

BENZOYL-ACETO-AGETIC ETHER v. p. 

BENZOYL-ACETO -CARBOXYLIC ACID 0. 

AcKTOPHKNONB CAimoXYLlC ACID. 

BENZOYL-ACETONE t.e. 

CJl4.CO.CH,,.CO.CH3. Phenyl methyl me- 
thylene di-hctmie. AcctyUacctophcnone. Acetyl- 
be?ii'oyl. me flume. [61°j. (261°). 

Format urn . — By the action of dry NaOEt 
upon a mixture of acetone and benzoio ether 
(Claisen, /J. 20, 665). 

Preparation.- 1. Benzoyl-aceto-acetic ether, 
formed by the action of benzoyl chloride upon 
sodio-aceto-acctio ether, is boiled with water for 
a few hours; the yield is 25 p.c. — 2. Prepared 
by adding acetophenone (1 mol.) to a cooled 
mixture of acetic eth»»r (about 2 mols.) and 
alcohol-free sodium ethylate; yield: 80-90 p.c. 
of the acetophenone (Boyer a. Claisen, B. 20, 
2078). 

Copper compound (C|oII„0,j).^Cu : formed as a 
pale green pp. by adding cupric acetate to the 
alcoholic solution. It is ni. sol. alcohol and 
benzene, from which it crystallises in bright 
green needles. 

Amide CJI,.CO.CII.,.C(NH).CH, : [146°J; 
clear glistening trimctric crystals, aibic 

- •<)927:1: -8820. 

Anilide C,H,.CO.CH,.C(NPh).CH,; [110°]; 
plates. By warming with ll^HO, (lOpts.) it is 
converted into {Py. l;3)-plienyl-rnethyl-quino- 
liiie (Beyer, 13. 20, 1770). 

Properties. — Crystals; distils undecom- 
posi'd ; volatile with steam. Sol. hot water, 
alcohol, and ether. Dissolves in alkalis with a 
yellow colour. SI. sol. strong acids. Fe^Olg 
I gives a dark-red colouration. 

Reactions. -By warming with alkalis or by 
long boiling with acids it yields acetophenone. 
It has slightly acid characters, the H of the 
central CH,. group being replaceable as in 
jioeto-ncctio etlicr, since it lies between two 
CO group.s. By licating with strong aqueous 
NH, at 120° it is converted into the imide 
C«H,.C{NH).CH.,.CO.CH, 
or CjrvCO.CH.^.C(NH).CH.,. It condenses with 
(I mol.) of phenyl-hydrazine with elimination 
of 2H.p, forming methyl -di-plionyl-pyrazol 
(Fischer a. Biilow, B. 18, 2161). 

Salts. - C,oll„0.jNu : small yellowish plates. 

— G,„H.,0,.Ag : wliite pp. ; v. sl. sol. water 
(Fischer a. Kii/.el, 7?.. 10, 2260). 

Oa'imC,„H.,0.,Ni.c.C,H,.C(NOH)CH.,.CO.CH, 
or^H,.CO.Cl>,.C(NOH).CH,. [G6°]. Formed by 
heanng benzoyl-acetone with hydroxylamine 
liydroolrioride in alcoholic solution (Ceresole, B. 
17, 812). White glistening scales. Volatile 
with steam. V. sol. acetone, benzene, and 
insol. water. 

Di-bonvyl-acetone (CJI,.CO).^:CH.CO.OH,. 
[102°]. Formed by the action of bensoyl 
chloride upon sodio-benzoyl acetone (Fischer a. 
Billow, B. 18, 21.36). Small needles. SoL 
alcohol and ether, v. sL sol. water. Sodiam 
has no action upon it. 





Bsnan^Aonavxiciiiit u 

^.0(NH).OH,.OO.OH| or 
Cg^CO.C^Qm).CH,. ObUmed by 

bMoiig banso^ aeetoae with strong aqaaoua 
NH| at 120^ (Fisoher a. Biilow, B. 18, 2134). 
Distils undeoomposod. Small plates, or largo 
quadratic crystals. V. sol. dilute ooids, by 
heating with which it is converted back into 
benzoyhacetone and NII^. 

BENZOYL- ACETONITRILE C,HjNO t.e. 

C.H4.C0.CH.^CN. 

Cyano-acetofliencne. [81® cor.]. Formed by 
the action of boiling water on benzovl-eyiinacetic 
ether C,H,.CO.CIl(CN).C(.),Kt (Haller, BL (21 
48, 23). White needles, sol. boiling water, alco- 
hol, ether, and alkalis. Boiling cone. KOII 
acts thus : C,Il,.CO.CH ..CN i 2KIi() + H .0 
CJI4.C0,K + CH,.C6,K. In nicohoiio 
colution gaseous IICl giv«‘S a bodv N'Cl 

(probably C,Ii,.CO.C41,;C(NiniCl}bKi:ilOeorrO; 
whence ammonia in tlie coUl gives iho iiiiido- 
ether C. II ,.CO.CH„.C(Nll).()Kt). If the action of 
the alcoholic IICI is pr longed, the lU'oduclsa.o 
the same as with KOlI. 

Silver salt CJl,.CO.CnAg.CN. While jip. 
Insol. a*! and alcohol ; sol. ainiuoiiia. 

BENZOYLACETOPHENONE c. Dr-iur.NVL 

IIBTI1YL1:NK Dl-liETONK. 

BENZOYL - ACETYL.ETHANE v. Aceto . 

rUKNONK-ACKXONB, p. 3tn 

Bi'benzoyl-di-acetylethano 
C,lIi.CO.CII.CO.ClI, 
i.c. I . Di 

cjf,.co.cH.co.cir, 

di‘VU'thyl-acct[(lcnii ktni-Ui‘t<>m' ( 175®J. Funned 
by the action of an ethen al solulion of iodino 
upon *2 niols. of so(lio-beuzoyl-u<*et(»m> (Fischer a. 
Hiilow', B. 18, 2133). Wliito nccdle.s. Sol. hot 
alcohol, si. sol. ether, insol. water and <lilutu 
alkalis. Docoinposed hy boiling with alkalis. 

BENZ0YL.ACRYL1C ACID 
C,H,.CO.CH:CH.CO,H. White plates, [lU®], 
from water ; after fusion its niolting-poiiit i.s 
altered to [97® |. l-iong needles, (99 from 
toluene. SI. sol. cohl water and ligroin, v. sol. 
other solvents. ri<rp<m;<l by the action of 
Al,Cls on a mixture of lu nzene and maleic an- 
hydride. I3y alkalis it is dceomposeil into 
acetophenone and glyoxylio acid. On heating 
by itself or with Ac ,0, it gives a red condeiiLalion 
product (Pechnianu, B. 1.0, 885). 

Bromine aillition pro'iuei [13.5®]. Colour- 
less crystals. 

BENZOYL. ALLOPHANIC ACID v . p. 127. 

BENZOYL-ALLYL ACETIC ACID v . Allvi.- 
IINZOYI.-ACETIC ACID, p. 13.5. 

BENZOYL-AMIDO- v. Amido-. 

BENZOYL-AUIDO-ACETIC ACID v. Hip- 
puuic Acid. _ 

BENZOYL . AMMELINE B.Ji.NA i.c. 
C,H,H:iNjO. F i oni sodium cyanamide and BzCl 
(Gcrlich, J. irr. [2j 13, 272). Brown rcSin, insol. 
water and ether, sol. alcohol and aqueous 
alkalis. Besolved by distilling in a current of 
hydrogen into benzonitrile, carbonic oxide, and 
oyanatnide. • 

BENZOYL-ANILIDE v. Aniline. 

BENZOYL - ANILINE v . Amido -benzopue. 
momb. 

BENZ0YL.ANI81DIHS v. Benzoyl-methyl- 

AMIDO-rilSMOlt* 


^BSmYL^tZOnUMI f. ». 479. 
BENZOTL-BJUrmi «. BBHSOPSiirosbkf 
Di-beatoyl-bmutM t^. Pbt]UI4>pbbnon« 4' ' 
BENZOYX-BSNZIDlNB v, Di-AMtoo - bu 

raksxL, 

* BENZOTL-BENZOIC ACETIO ANHTDBIDX 

CJlj.CO.CJJ^.CO.O.CO.GH,. [112®]. Prepori^ 
bv licatiiig o- benzoyl -ben zoic acid with aootia 
anhydride* to 100® (Freihcr a. iVchniann, B, 
M, 1805). Largo crystals. Insol. alkalis. At 
200 it decAUuposcs into ucclio and benzoyl* 
benzoic anhvilrides. 

o BENZOYL-BENZOIC ACID C,.n„0, 

CJI^.CO.CJli.COjH [1:21. Bt't}:oi>hi‘iionc car- 
hoxiflic. acid. Mol. w. 221). [87 J (Z.) ; [94®J 
(Hemiiian, //. 11, 8.38). 

Fonuation.—!. Hy oxidation of o-bcnzyl- 
tohicno (Zincko a. Phiskuda, B. 0, 907), phenyl* 
t)'tolyl-ki*h)ne (Bohr a. Van Hurp, B. 7, 17), 
or di-bcnzyl benzene (Zincke, B. 9, 32) with 
chruntio mixture. 

2 V( 7 'n/n//<'«. -ir)0grms. of A1;,C1„ are slowly 
added «luring 3 liour.s to a Hi)lntii)n of JOO grms. 
of phthalic anhydride in 1099 gnus, of hunzeno 
(pure), the heiizeno i.s then poured off and can 
he u.u'd at once for a fre.sh operation, whilst the 
solid K’siiluo is washtnl with dilute IK'I and 
with water, dis.solved in and the acid 

precipitated from the solution hy 11(9, and 
linally rocrystallised from xylene (.3 pts.) ; the 
yield is 00 p.c. of the phthalic auliydrido used 
(Friedcl a. Crafts, C. Ji. 8t», 1308; 92, 833; 
Freiherr a. Pechmann, B. 13, 1012). 

Bropcriun. -Triclinio needles (containing 
aq). When dry it melts at 128 

Bcactions. \. at 190-’ form:! anthra- 
quinono.— 2. Jlut fuminy ttulphurir. acid forms 
anlhraquinone Ruli)honic acid (Lichermann, B. 
7, 80.5). —3. Sodium amahjam lirst reduces 
it to C,n,.CIl(01l).(\ll,.COJl and then to 
C„H;,.CH..!C.iH,.(l(> 11. - 4. Bcsnrt iii, jfyrogullol 
tVc., on hcuiling, form jilithali ius. 5. With 
phenyl -liydruzine it gives a condcubalion-pro- 
C Ph 

duct CJl,<^^N.,Ph [182®] (Uo.ser, B. 18, 805). 
CO 

This forms small needles, b 1. sol. alcohol, insol. 
water. 

Salts. — CaAA. — BaAV — ZnA'./2uq. — > 
CuA’.,, aq. 

MetJuyl MoA'. [52 ’J; prisms. 

Ethyl ether EtA'. [58®]. 

Anhydride (Ii/.C,H,.CO),0. [120 ' (Peoh- 
maim, B. 14, 1800). 

wt-Benzoyl-bensoic acid PJi CO.OJIt.COaH. 
[1:3J. [101®]. 

Form'd u)n.~-\. From phenyl -w-tolyl-me* 
thane (10 g.), K^Cr/), 0)0 g.), H,SO, (90 g.) and 
water (270 g.) by boili.% for 3 days (Botering; 
Henff, A. 220. 237). It is j)iiii(i)«i by reduction 
to Ph.CII(OH).C.Il,.CU_,Na by sodium amalgam, 
cry.staliising ihi - salt from water and oxidising 
ngainwithH.SO, and K/jrAV— 2. Aquantitativt 
yield is obtained by treating pbenyl-w-tolyl- 
methane at 130' with bromine- vajjour suffioient 
to form Ph.CJl 2 .CJl,.C}I,jBr and treating the 
product with chromic mixture for 12 hours,— 
3. From Bz,0 (1 mol.) and BzCl (2 mols.) is 
presence of ZnCL (Docuner, A. 210, 277 ; B, 14| 
018).— 4. Formed as a by-product in the pr^ 

ll2 



^ ^7 ^ 

L0\, OD.% xaVxtxute bt oenzen® And iBO>phihaijl 
t^Tide^Uoi, B.ld,m). 

Propertiw.— Long silky needles (from water 
or glacial acetic acid), or small plates (fAm 
alcohol), SI. Bol. cold water, v. sol. benzene 0/ 
toluene, V. e. sol. alcohol or ether. May be sub- 
Unmd as plates. Dissulvea in none. giv|pg 
no colour. I’otash fusion gives benzoic acid. 
Beduced hy hotliimi-unmlgani to exo-oxy-benzyl- 
beii/.oic acid (7 r.). 

Salts.- white crystalline pow- 

der, IlaA.'.. 'liui ; HJimll plates. — CaA'. ‘iaq : 
white crystalline po\vd«‘r.— AgA' : white leaflets. 
Methyl ether Mi‘A' 

n-Boazoyl-betzoic acid (] II .(’O.C,lI,.CO.Jl 
(1:4]. [lOrj. Formed liy oxidation of pln nyl- 
n-tolyl-mothane, phenyl p-tolyl-ketono.p-pheiiyl- 
Dcnzf.phenone or di l>en/yl benzene (Zincke, A. 
1(U, IH ; 1!. tK)7 ; 0. ; (ioldschmiedt, M. ‘2, 

438). iMnnnelinio plnfcs (from water). V. si. 
sol. cold wafer ; si, i.id. hot wat«‘r (differenco 
from the o- aoi(i), v. sol. tileohol ami tdher, el. 
•ol. hen/.eiie. SuhliiueH in plates. 

Salts. ChA'.,, ‘Jii'j : iieetlle:;.--ljaA'^ 2aq. 
AgA': V. H.I. sol. wafer. 

Methyl ether ^^eA'. fl07®j. Satiny plates. 
J'!th>il ether KlA'. [5*2°]. Monoclinic. 

DI IlkNZOYL-BENZOIC ACID C,,II,,0, i.e. 
((j,.H^.C,()) ,.(’„ll ,.COdI. Two aeids of thiit eoni- 
position uni formed, together with an a<ud 
C|JI|oO„ hy oxidisin;.' the hydroearlxm 
obtained as a hy-piotiuct in llie preparation of 
bcri/.yl toluene (Weber a. Zineki*. If, 7, ir>:5). 

(ii) Acid. (H-2’]. Kosinomi, and forms lesi- 
nous salts. I'otush fission fuims benzoic aeid 
and u .small quuntity of an ncitl C,.ll,„(>.. 

(/J)*Aoid. [*21*2°]. Ncc'dlea, Insol. wab r, v. 
Boi. uteohol and ether. Us suits are hI. s«>l. 
water. i:thvl ether F.t.-V. ' ln7°j. m 

DI BENZOYL . BENZY LI DEN E - Dr ACFTIC 
AOID V. Itcmylulene di lh \/.ovi lu \< riic acio. 
BENZOYL-BENZOTRICHLORIDE r. Pm n\l 

rM-Oin-nr.D-ToI.Yt. kmtonh. 

BENZOYL-BENZYL-ANILINE v. Hknzyi.- 

iNlLlNS. 

BENZOYL-BENZYL CHLORIDE v. rin..N\i, 

OHWnuoTOLVL KMONK. 

BENZOYJ BENZYLIDENE CHLORIDE r. 
PjIlKTii i>i (Miror; o-ror,\i, kktoni*. 

BENZOYT-BIiOMANIlINEr. Huomo-asii.im-. 
BENZOYL BROMIDE CJl fO.Br. i.V.i. 
fa little below 0°J. S.G, i r»7. Colourless 
Huid, which fumc.s in the air. 

Benzoic acid {.*>00 pt».) is 
warmed willi phffsplfbrus tribiomide (740 pts.t 
and the pro<lnct is separatfld from the phos- 
phot ons aciil hv distillation in mcno ; the 
yield is 400 pis. (Cluisen, 7.\ I I, '2-173), The eo- 
tmlled benzoyl hnmiido nf Liohig and Widiler 
{A. !>, ’JltiO) atid of FfttornA was probably benz\l- 
idene • bromide - benzoate, C„lI^CIIBr|*OB.’.l, ' a 
compound of benzoic aldehyde with benzoyl 
bromide. 

BENZOYL . BROMO - NITRANILIDE r. 

BMOMv)-Ntin>> AMI INK. 

BENZOYL . BROMO . PHENOL r. BnoMo. 

tUKNOL. 

DI-BENZ0YL.I80BUTTR1C ACID 

^CLHi.CO.CH.l.CH.CO H. Di -phenacul-aretic 
[133°], Formed by loab ol CG*, by heat- 


rcS^^sO(iOO^),. ' BKIky tne&t. y.4Ql.a]«o 
nol,«tber, aoefio acid, and hot benzene^ ioio)/ 
ligroTn. — A'Na : glistening needles (Kaes a* 
Paal, B. 19, 3147). 

BENZOYL-CARBAMIC ACID. OJI,NO|, 

Ethyl ether C«Hi.CO.NH.CO.,Et. [110®! 
Formed by boiling benzoyl -thiocarbamio ether 
in alcoholic solution ivith PbO (Losi^ner, J. pr, 
[2] 10. *254). Needles (from dilute alcohol), si, 
sol. water. Dcconi])osed by aqueous KOII into 
KOBz, alcohol, Nil,, and ICCO,, Alcoholic 
KOH gives a pp. of CJI-.CO.NlC.COEt, v.e. sol. 
water. 

BENZOYL-CARBINOL IMi.Ct).ClI,OH [86®], 

' Ph.C{OlI)..Cni)H [74 ]. K. VO ‘ oxy -phenyl- 
j methyl ketone. Oxn-acctopiienone. Aceto-pha- 
none alcohol. Phenncyl alcohoL 

Formation. — 1. By the aedion of alkalis on 
the aerdato or chloride, C, n,.C().CII^CI. — 2. 
From phenyl-glycol (2 g.) and UNO, (6 o.c. of 
1 S.G. l'3lj). Tlic mi.xturc is warmed and, as 
soon as reaction sets in, *11 i.s cooled. The pro- 
duct is diluted, neutralised with Na CO;,, and the 
crystalline carhinol filtered off. Ether extracts 
A further quantity from the filtrate (Hunaeus 
a. Zinckc, /;. 10, 1 IH7). 

/Voyi/’/YiVs. Ihi.^m.i or plates (from benzol- 
ine). Largo crystals (from alcoliol or other). 
V. Bol. ether, alcohol, or CHCl,. Largo plates 
containing (from water or dilute alco- 
hol). In drying these, decomposition readily 
ociMirs, benzoic aldehyde being formed. The 
: eaibinol conibin«‘8 with NhHSO,. Readily re- 
; dm-os amnioniacal silver nitrate or Fchling’s 
. solution, the rhii'f prodiietof the oxidation being 
j iiiandidic aciil C,ilI^.('ll(01l).CO;,H (Breuer a. 
Zincke, />. 13, 035). 

j /.’<• r< //ou.s'.— 1. Heated alone it gives off 
, bon/oic aldehyde and a pungent body.— 

‘2. Heated with aqueous NaOH or baryta it 
; becomes yellow and forms ben/oic abkdiyde. — 

.3. W.iti r at 110’ aets simihuly. — 4. With 
I HCN it yields the nitrile of atroglycerio acid 
I CH,(OH).crh(OH).CO,H (Plochl a. Blumlein, 

I B. 10, 1*21)0). 

, ^ Acetate Ph.CO.CII^OAc. [49®]. (270°). 

! From chloro-acetophcuono and AgOAc (Graebe, 

I /». -1, 31) ; or from the carhinol and Ac.^0 
’ (Zincke). Triinetric table.s (from benzoline). 
V. sol. alcohol, etlicr, or chloroform. M. sol, 
benzoline. 

• J}en.u)ate. Ph.CO.CHjOBz. [117®] (Zincke), 
From chloro aeeto-phenone and AgOBz or from 
benzoyl - ourbinol and B/ 0, Small tables 
. [from dilute alcohol). V. sol. ether, benzene, 
or CHCl,. 

j BENZOYL-CHLORANILIDE y. Ch^ro-ani- 

i Binb. 

! BENZOYL (KLORIDE CJI,.CO.CI. [-1®] 
(Lieb^, A. 17H, 13). (198°). (194®) (Brtthl, 

; A. ‘235, 11% S.G. 1 ! 1-21 ; 1*2122 (B.). V.D. 

4*99 tcalc. 4*90). 1-5537. S.V. 126*8 

(Ramsay). 

Formation.— From chlorine and benzoio 
I aldehyde (Liabiga. Wohler, il. 3, *21)2).— 2. From 
benzoic acid and PCI, (Cahours, A. Ch. [8] 23, 
33l;.~3. From lienzoates and POCl, (Oerhardlt 
' -4. CA. [3j 37, *291).— 4. In small quantities, by 
the action of Cl up<tn mandelio acid or on ben* 

. aoic ethers (Maiaguti, A. Ch, [2j 70# 374).-- 1*- 
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B* 19» 8989).'^10. eomidenbla quantity by 
beating benealdehyde with glyooooll (Oartins a. 
Lederer^B. 19, 21()2). — 11. Together with di- and 
tri- benzyl-amine, as a by-product, in the pre- 
paration of (li-bonzyl-hyilroxylainine from hy- 
droxylamino hydrochloride, benzyl chloride and 
NaOH (Walder, B, 10, 0200). 

Pro^rfies.— Liquid, miscible witli water, 
alcohol, and ether. Separated from water l)y 
KOH. Strongly alkaline, absorbs CO,, forming a 
crystalline carbonate, and fumes with llCl. With 
cyanogen it forma a compound (C:ll„N)..((*N')j 
[140°J which cry.stallises from alcohol, and h)rm.s 
a hydrochloride (CJr,N),{CN) .2HC1 (SlrnkoM-!., 
D. 5, bOO). 

Salta.— B'lICl : large leafleta or Hat tabli a. 
— 13'HIh-.— IVJI.nCl,, ; orange tables or Y< .’ow 
plate.s, si. sol. water. - B'dl .SO^. 

Acetyl derivative C\Uj.Cir..NHAc 
(300°); crystalline solid, sol. waf<'r (Amsel a. 
Hofmann, B. 10, 12H."i; Strakoselt, B. a, iVJl ; , 
itudolph, B. 12, 1207). j 

Di-benzylamine /.r. NH((.Tf,.C II ),,. : 

S.G. 10:3;i. ■ * j 

Forviation.—l. By the action of NII^ on • 
C,,H.CIIXl or by reduction of b«-n/.onitrilc (r. ; 
au/ad). 2. By the action of hiomine-wat< r on 
tribcnzylamine (Lijupricht, .1. Ml, .’313). - 3. By 
boiling benzoic aldehyde with ammonium for- 
mate (Lcuckart n. ' Bach, Jt. 10, 212'<). - 

4. Occurs togctlier with im)no- and tri-bon/.yl- 

amine as a by-product in the preparation of 
di-benzyl-hydroxy lamiiie from liydroxylamiiie 
hydrochloride, benzyl chlori<le, and - 

5. Formed by the action of PCI^ upon di-heu/.yl- 
hydroxylamine and treatment with water, the 
reaction probably being : 

(C,H.).N.01I t- PCl,-((:.rL) ,N.0.1>Cl.,-t IICl and 
(C.H.),N’.(:).P(;i..+ 3H,()« 

(C,n,),NH4 Il,i»(\ + 2IlCi(Wal<ier,P. 10, 3287). 

Properties. -Liquid, insol, water, v. sol. 
alcoliol and ether. Docs not absorb CO^ from 
the air. On distillation it decomposes into 
.s-di-phenyl ethane, .s-di-phenyl ethylene, lopliinc, 
and various bases (Brunner, A. 151, 133). 

Salts.—B'lINOj : [180°], very sparingly 
golublo thin glistening needles. — IITUO ■ 2.7(3-']. 
-B'HBr [270°]. -B'HI [224°].- B',Il,PtGl,; 
golden -ycdlow needles. 

Nitrosamine (C,lI,CII,),N.NO : [01°] ; 

white crystals : v. sol. alcohol and ether, insol. 
water (W,, cf. Bolide, A. 151, 300), 

Pm/v/Z Jeri'mf /re {C,II,.CH,),X.OC JI, (NO J/ 
[171°] ; orange plates. 

Formyl derivative {C„H,.Cir,).N.Cf 10 : 
[52°J ; (above 300^) (Lenckart a. Bacli, B. 10, 
2128). 

Di-s H Ipho 71 ic acia C,,H, 3 N(SO,n)j (Lim- 
pricht, A. 141, 317).-Bu.V'. • 

Tri-benzylamine C„IL,N if. (CJI,,gi.),N. 

[ 91 % 

Formation. — 1. From b< uzyl chloride and 
NH, {v. supra),— 2. By heating di-benzyinmine 
with benzyl chloride at 100° (Walder, B. 10, 
3287). — 3. Together with mono- and di- benzyl- 
amine as a by-product in the preparation of 
di-benzyl-hydroxylamine from hydroxy, amine 
hydrochloride, benzyl chloride, and NaOH (W.). 

4. By heating benzaldehyde with rather more 
than an equal weight of ammonium formate; 
tha yield is 40 p.o. of the benzaldehyde cm- 


! ployed (Zieockari, B. IB, 2841). White ^tai 
I (from hot alcohol) ; t. el. sol. water. yHiea 
j heated for a long time with Mel or KtT at 
1 boezyl iodide and tetra-methyl- (nr ethyl-) 
I ammonium iodido are formed (MarquaMt, 

B. 19, 1027). Fuming sulphuric acid forms 

C. i,II,.,(.S 03 H),N (Limpricht, A. 144, .311). 

I •Salts. -BTICl: [228°]; thick prising or 
iridescent plates, v. sol. hot aleohol, insol. 
i water. -B',H.CI,,PtCJ, : orange vellow iieedlea. — 
imNO,: [125°:; insol. water.* B'llBr: [208°]. 
-B'HBiv B'Hl: [17S°j. BllAl(SO,), 12aq! 
[110°]; sol. water. 

Met hylo- iodide B'Mel ; [181°]; need les 
or plates; sol. hut ab’ohol, si. .sol. cold water. 

I Me thylo. hydrate BM<*(01f): crystatline 
soliil; alkaline ri-jiflioii ; v. sol, water. On heat- 
ing it evolves MeOlI forming tri-bt uzylamine. 

M e thy lo •chloride^ plat i ;; u rn ■ .s a 1 1 
(B'MeCl) JMCl 4 : (197°j; orange pp. ; iusol. cold 
water and abrohol. 

Kthylo-iodide B'Ktl : [1!I0°]; colomlcss 
rhombic crystals ; sol, alcohol and hot wati-r. 

Isopropylo - iodide B'PrI : [170°] ; 

needb's ; si. sol. hot water. 

BENZTLAMINE-ur-DI-SULPHONlC ACID 
0, lf.ClI(.SO,H).N!l(SOJl). 'riie di sodium salt 
A'Na^.biq is formed by shaking henzaldoxim 
with a 30 p.o. sodium bisui]>hite solution. It 
erystailises in small white noodles, v. e. sol. 
water, insol. cold alcohol. By warming with 
dilute acids it i.s split up into In'iizuldehyde, 
sodium sulphate, and ammonium sulphite : 
C,lI,.CU(SO,Na).NII(SO.Na) i 2H..t) 

« C^Hj.CHO -f Na.,SO, + (N 1 1 ) ,H S('),. 

Alkalis decompose it in the cold, and water on 
boiling (Peclimann, B. 20, 2.730). 

BENZYL-ANILINE 11(0,11,). {ivrnn- 
cor.], fabove 300°). Obtained by n dueing tliio- 
benzoyl-iiilinc (Bernthsen a. Trompeter, B. 11, 
1700). Formed also by boiling dia/.oben/.eno- 
benzyl-anilido (50 g.) with HCl (200 c.c.) ; tho 
yield is 20 g. (Friswell a. Green, B. 19, 2030). 
Yellowish crystals. 

I Salts. — B'lIOl [203° uncor.] ; white plates; 

decompo.sed by water. - B'.J l,,Cl.l’l(.U 4 [108° un- 
' cor.] ; slender yellow needb s ; tolerably easily 
: Bolublo in water. - I3'.3CJI.O^.—B'Cd01,,j. 
j Benzoyl derivative [104°] (Fleischer, 

' A. 138, 229). 

I Di-bonzyl-aniJine C.H,.N(CH,.O..ig,. [67°]. 
(above 3(2)°). Prepared by Ijealiiig a mixture 
of aniline (51 pts.), benzyl cblurido (150 nts.) 
and NaOH (.30 pts.) on the water-bath for three 
or four Weeks. After cyoling tlio solidified 
eakc is pressed, distilled wuth st' am to remove 
excess of benzyl chloride, wasJieO with hot 
water, and cryslallise>l from alcohol. Colourless 
needles. V. sol. cthqr, b' nzene, hot alcohol 
and hot acetic acid, uol. cold alcohol and 
cold acetic acid, nearly inso!. water. Weak base. 

.Salts. — BTlClaq ; glistening prisms. •*« 
h'JIX'A PtClf : thin orange - yellow scaios. 
Picrat*eB'C,Il 3 (NO,),OH: [132], long yeUow 
needles (Matzudaira, B. 20, IGll). 
TBI-BENZTL-AB8IHE v. p. 322, 
BEKZTL.BABBITDBIC ACID v. Bxrbitubio 

ACID. 

BBKZYL-BBNZEHS v. Di-PuxKrL-UTBAin, 
p-Di-bsnsyl'benseos i.e. 
(C,H*.CH^),C,n 4 . [86°]. Formed, together with 



Um ibd ^>ph«DTl methane, hy iba ! 


. Thasina-cwm 


action of lino an a mixture of benzyl ohloride i couple.aota vigoronaly npon it, prodacing two 
and benzene, or by ^e action of H^SOt on a ' isomeric benzylenee. In presence of ether, the 
mixtore of benzene and methylal, CHg(OMe)j ! zinc-copper couple produces dibenzyl, ZaBr^, 
(Zinoke, B, 6, 119, 221 ; 9, 31). Transparent and CjH^ZnBr, whence water produces toluene : 
iaminfe, si. sol. ether, v. sol. benzene and hot ■ 2C,H,ZnBr + 2H.^O=»2C,Hg + ZnBr2+ Zn(OH)^ 
alcohol. CrO, forms {a)-dibftnzoyl-benzene and ! In presence of alcohol, the couple produces 
p-b<;nzoyl-benzoic acid. • , toluene and EtOZnBr. In presence of water, 

o-Dl-benzyl-benzeno {CJI..CII.^)2G„H4. , the couple produces dibenzyl and a little toluene 

BUky needles (from alcohol); v. sol. ether and (Gladstone a. Tribe, O.J. 47, 448). 
alcohol. CrO, forms o-di-benzoyl-benzoue and | BENZYL BUTYBATE C,,H„02 i.e. 
0-b.mzoyl-benzoic iftiid. i aH,.CH2.0.C0.Pr. (240°). S.G. 1*016 (Con- 

- rad a. HodKkmson. .1. 193. 320) 


.Icohol. CrO, forms o-di-benzoyl-benzoue and | BENZYL BUTYBATE C,,H„02 i.e. 
.-boozoyl-benzoic iftiid. i C,H,.CH2.0.C0.Pr. (240°). S.G. 1*016 (Con- 

BEKZYI. BENZOATE 0„n„0,i.«. 1 rad a. Hodgkinson, X 193, 320) 

I Benzyl ieobutyrate MajCH.COi.CHjPh. 

' (228» i. V.). S.G.f,101«. prepared by boiling 
and BzCl {Krant, A. lo2, 1.(0). lormed also aleoliolio solution of benzyl cliloride and 
‘’“^ n ut J,„taa8ie isobutyrato (or five days with inverted 

l()0"with aa,uall(|uai.tit.vo( 8O(hum >,oMzylato; x|,<, p„duot is mixed witli water 


zuu w vn aa,ua.i(|uai.m.voisonu u uoMzyiaio; ..„„,icn8et. Tl.o product 
probably the compound C„lI,.C(OC, It ),l|Na ,s ^ Oie oil distilled, 
first formed and tlieh decomposer mto benzyl j Prnwrtwn -Oil with 

benzoate and sodiorn bcn/.ylalo wbijdi latb r | ije^toas.-When her 

again reacts upon a further , puniUty of honzalde. : 

hyde, proilnoing nnm, of the lutormed.ato pro- , „„,,uctB heini 


Properties.'~Oi\, with pleasant odour. 
Reactions. —Whan benzyl isobiityrate (90 g.) 
is heated with sodium^ (8 g.) a violent action 
occurs, the products being hyflrogcn, sodie iso- 


gam uiotcri^::;: BA s;; s,:;;:;:; i ^ “■ 

needles; may be sulihme.j ; hI sol. cobl water, v. | «.BENZYL-I80BUTYBic ACID C„H„0,. i.e. 
sol. alcohol iiml ether. I ti.\ J mp - CaA .^6.^ n<i. Me..C(CIU‘li)CO ,11. 

mlnlyl-ilinzok ac^ ' i • ( 2 « 0 °- 285 °). S.G. 

Ph CH 11. i lOM"]. ' 17 l’028r). Prepared by the action of sodium on 

Formation, 1. From cj-o oxy-bonzyl-ben bcnzyl-isobutyruto (7. r.). 
zoic acid, Pli.('U(UII).(’, If, .(:<>. ri and cone. licactioHs. ~l. llealt d with sorf/nm a violent 
ill at 170'. Ki'oin exo bromo- m-toluio acid, *'vetion occurs, toluene, sodie benzoate, sodio 
CTJ.Hr.CJfj.CG.II, lieiizeiu) and AI^.Cl,(.StiilT, .t. b'‘nzyl-isobiilyrnle and an oil, C,Jl,rtO (.'150'- 
2’MI, ‘Ji7f. Yield oiJ p.c. of llieoietieal from -blS ) being formed.— *2. It is attacked liy 
toluic acid. Jt. A Hinall .pnnlity fitgr. benzoic great flilliculty, the saponilication gives 

Other, benzvl cliloiide, and /iiCr hv boiling. i.rolhjtyrio not bcnzyl-isobiityric acid (W. It. 


I 'roperf It'S. - SliKit .slnnler needif.s (from liof llodgkinsoil, C. «/. dd, ; A. 2()I, 171), 

...» II ..l.i . .t l. . 11... I I I. ■nS'TtfyVT. rADDAIUrArpt' v-ir 


water), small plates (from hot dilute alcoliol); 
h1. Kill, cold wab r, in, sol. hot water, v. e. sol. 
alcoliol, ether nr (ddoriiforiu. (kmc. If. SO, 
form.s a c<)lourle.s.s .solulimi. K.f’ra), and lf]S(>, 
give in - bcM/.nyl - benzoic acid. — CuA'jaip 
»‘d- Ag.\’. 

;^>.Beiiiy]-bonxoio acid 
Ph.(’ll,.CJI,.CtUI [1; Ij. [ir>6°]. 


BENZYL CARBAMATE .\iI,.CG.O.C.n,. 

f.SI) ’]. From benzyl alcohol and urea nitrate at 
110° (Caiiipisi a. Amato, B. 4, 412) or solirl 
cyanogen chloride (Cannizzaro, B. 3, 518). Large 
plates (from water) ; si. sol. liot w’ater, v. sol. 
alcohol. Decomposes above 200° into benzyl 
alcohol and cyanuric acid. 

BENZYL-CABBAMIC ACID C,H,NH.CO.OH. 


l‘\>i luatioii. 1. liyoxidisiug/i benzyltolueno Benzyl-ammonium salt 
with diliilo lljSO, (Xincke, .1. liJl, lifi),— ‘2. J{y ^C,U.Nil,CO.;NH:,C,H,. [99°J. From benzyl- 
reducin'; e.ro-o.\y-j[> benzyl benzoic acid with HI. *smino nndCO,. Fonned also by heating a-ainido- 
3. l-'roiM 7;-b('nzoyl benzoic acid and sodium- phenyl-acetic acid at 200° ; the yield being nearly 
amalgam or III a<id4’ (Grat be, B. 8. 1054). : the theoretical (Tiemann a. F' iedlander, B. 14, 

iV(7'c/</<’.s.- Minute ncwllea (from water) ;! 1909). Plates, sol. water and alcohol, insol. 
may be sublimed; si. sol. cold water, v. sol. '*thcr; volatile w'ith steam. Decomposed by 
Rleohol and other. Chromic mixture (>\idisea acids or alkalis into (30.^ and benzylamine. 
it to p benzoyl-bcm^ic acid. CaA'., IIA'.- BENZYL DBCARBOXY-GLUTACONIC ACID 
BaA'/2ii(i. Ag.V'. * ; t». Di^RiJoxY-AnTACoxrc acid. 

BENZYL BROMIDE C.U^.CH^Br. (199°). ' BlBE^fZYL-CABBOXYLIC ACID v, Dt- 


8.G. ‘^' P4d80. 
Fermat ii>n. 


-1. From benzyl alcolud and 


I'lIBNYL-FTUANK-CABBOXYWC ACID. 

DIBENZYL DI-CABBOXYLIC ACID v. Di. 


lIBr (Kekule, A. 1.37, 190).— 2*. From Br and ^irBNYL-succiNio acid and Di-phknyl-etiiav* 
boiling toluene (Boilstein, .1, 143, 309; Jackson ACID. 

a. Field, .4; •. 2, Uk— 3. I'rom bcn/,ri chloride | BENZYL CABBINOL V. PUBIIYL-XTaTL Al<> 
and (lUix, A. 225, 103). , CoaoL. 

Preparation,— By the action of bromine (I BENZYL CHLORIDE 0,H, Cl i.a.C,H*.CH2(B, 
tool.) upon cold toluene (1 mol.) in direct sun- i ^* 126*6. t».Chloro • toluem. (178°) ii 
•hine; tha yield is quautitetive (Schramm, B. : 754 mm. S.G. ip 0*9463. S.V. 188*45 (Sflhiii; 

; B, 19, 663 ; A. 220, 98) ; 183*18 (Bamiiy), . 





88. m; 88, 148; DvrOle; J; 
8, 17&)«— 8. distjyOing tolaene in « 
imitMit of chlorine (LsutlFA. Grimanz, J92. 
1867,1*105). 

Pn^ration.—By passing chlorine (1 mol.) 
into cold toluene (1 mol.) exposed to' direct sun- 
•hine; the yield is nearly theoretical (Schramm, 

B. 18, 608). 

Prof er/jVs,— Oil, sol. alcohol and ether. 

Peac/tons.—l. Boiling nlooholic KOH forms 
O^OEt.-‘2. Alcoholic KOAc forms 0.1I.0.\c.— 
8. Alcoholic KCN forms C-II.-CN. -4.' Alcoholic 
NH, forms, on heating, mono-, di-, and tri- 
benzylamiiic.— 5. Hot dilute HNOj (or a nitrate) 
forms benzoic aldehyde. -0. Boiling rb(On).^ 
forms benzyl alcohol.— 7. KOrh forms plionyl 
benzvl oxide.— 8. irrtA’r at IHO gives a prodnet 
which, on distillation, yieid.s henzyl-tolucne and 
anthracene. Before distillation the product is 
perhap; C,H,.CJr,.C..Il,.CJI Cl (Van Dorp, D. 
1070; Zincite, Ji. 7, 270). — 9. Long bniling 
with water (30 vola.) pr'^jUicea benzyl alcohol. ~ 
10. Sodium‘ai)iaUjttm produee.s a little .s-di- 
phenyl-cthylone. - 11. Aronuitic hydrooii fions in 
presence of powdered zinc give ol! HCl and j 
form condensation products (Zincko, Ji. 0, 
187). — 12. Chloroformk ciln'r and 

fonn di-phenvl-etliano exo-carboxylic ether, 
rhCII,.CHl‘h.CO,i:t (Wurtz, C. li.'lO, ar,(». • - 
18. Heated with Al..Cl,j it gives off HCl, forming 
toluene and anlhraeeno (I’orkin, jun. a. Hodg- 
kinson, C. J. 87, 720). — 14. In carbon diHulphi<le 
solution yiel<l.s, when chroinyl chloride is added 
gradually, a brown ])n.cipitalo of conip<rsiliou 
PhClI^Cl, CrOXl.., slowly converted by moist 
air into ben/.oic aldchvde; 

8Ph.CHCI.().Cr(()lI)Cl.. r 811,0 
« 9HC1 + Cr.Oj CiO, t 8PhC110. 

The compound heated to 170"’ loses HCl, 
forming a compound rhCHClCrO .Cl, which dso 
yields benzoic aldchvde. 

8r’hCIlCl.().CiO.Cl + 8H/J 
« (iHCl + Cr,0„ CrO^ + Hl’hClIO (litard, A. Ch. 
[5] 22, 235). — 15. HI reduces it to toluene. — 10. 
Zinc dust gives toluene, phenyl -tolyl-mcthane, 
and anthracene (Frost, ISI. [2j 40, 219). 

BENZYL . CHLORO • HALONIC ACID v. 
Chwro-bk.nzyl-malonic Al 10. 

BENZYL-CINCHONINE v. Cinchonine. 

a-BENZYL-CINNAMIC ACID C„H,,0.. i.c. 
C JIi.CH;C(CH,Pli),CO,JI. ( 1 57®]. Formed 
by the action of alkalis on the compound 
l?h.SO,,.C(CHJ*h).,.CO.,Kt (Michael a. Palmer, 
Avi. 7, 70). Xjargo white ncedle.s, insol. water, 
sol. alcohol. 

p-BENZYL-CRESOL C^H,.Cir.C,.H,Me.OH. 
(240®) at 40 mm. From benzyl chloride, 
oresol, and zinc (Mazzara, 0.j8, 303; 11, 
488; 12,204). • 

Reactions. — 1. Chhro • arHic acid and 
KOHAq form C.H..CH 5 .C,H 3 Me.O.CH 2 .CO,H 
[111®]. — 2. {a) - chioropropumic acid forms 

C, H..CH^C,H,Me.OCHMe.CO H.ril5®j.-3. CO, 
and Na forms C,H,.CH..C.H,('OHj.CO,Na. 

Acetyl derivative CiJl^AcO. (245®) at 
40 mm. 

BENZYL CBESYL OXIDE 
0«H^CH|,O.C«H|.GH„ v. Tolyl etJicr of Benzyl 

AMtmOL. , 


O«lL,€lH|.KH.0H* [W*]. Fhmed hir pa^ 
GyCl into benzylaimna in ether (StirMosoh, B 
5, 6^4). Plates (from ether) ; insol. water, v. € 
sol. alcohol and ether. On keeping it chsnget 
to isomeric tri-benzyl-molamino. Boiling HC 
forms bcn/.yl-urctt. 

Di-bonzyl-cyanamide (C„H^CHJ.,N.ON. [54®], 
Froln CyCI and dibenzylaniinc in alcohol (Lim* 
pricht, A. 144, 317). Plates ; insol. water. 

BtNZYL CYANATE 0J1,.CH, N.CO. (175®.. 
j 20t)’). Formed, together witlj benzyl cyanurate, 

I by the action of silver cyanatc on benzyl chloride 
' or bromide (Letts, C. J. 25, 1 16 ; Ladenburg a. 

I Struve, R. 10, 46). Pungent liquid. Clmngos 
spcntaiieouslY into Iho cyamirate. Alcoholio 
MI, C‘>nv» rl8 it into benzvl-urea. 

BENZYL CYANIDE r. PHKNYL-ACKTOMTniLK. 
BENZYL CYANURATE (CJl,Cll,),Nj,C,0,. 
(157 ]. (above .820"). The chief product of the 
action of si!\« r cyaiiuli’ on hen/yl chloride (r. 
supra ] ; forme*! by isomeric change from benzyl 
cynnate. Silky needlea (from alcohol), insol. 
wali r. Pol.ash fusion gives K XOj and benzyl- 
nininc. 

BENZYL CYMENE C, H.„ i.r. 

CJl ..ril ..CJl ,MePr. '297®J iMazzara, (1 8,508 ; 
'.UIH j (Weber. ./. 1878, 102). S.C. F’ ■97. 
From ben.’.yl ebloritle, cvinem*. and zinc. On 
oxidation it give.s bcnzoyl-terephtlialio acid. 
BonzyLcymene disulphonic acid 

c,..n,,(sb,ii),(M.). 

BhNZyLDURENEi’.BENzyL-TE'ruA-Mi.iuvL- 

IllAZUNK. 

BENZYLENE (CJl,).,. Two hydroembons 
of this coinposition are formed by the action of 
! the eopper-zinc cotiple upon benzyl brouiulo (or 
j ebloritle). (a)-benzyleno, [42 ]; g, *6()9l, ia a 
yellowihh-red rosin, si. sol. alcohol, v. sol. ether 
and beiizfme. (/l)-benzylcne is a brown resin, 
ins<»l. alcoTOl or ethe,r (Gladstone a. Tribe, U. J, 
47, 148). 

BENZYLENE- BKNZYLimiNi:-. 
BENZYLENE-DIAMINE v. Asiino denzyl. 

AMINK. 

BENZYLENE-IMINE G^H^N i.e. 

XH, 

C^IIX i [1;2J. Formed by redmdion of 

\nji 

o-nitrn-benzyl-chloridc with SnCl^. in emic. HCl. 
Greyish .)ullow p< wder. Sol. clilorobu nj and 
acetic acid.* I)is«» Ives in HCl to a red lluorus* 
'cent solution. Tlio salts are amorphous. The 
hydrochloride forms a reddish-yellow trans* 
parent solid (B HCl). Thc«pUtinochlorida 
(1$ . lld'tClJ is an in.'wlublc, amorphous, reddish* 
brown powder (Lellmann a. Stiekel, D, 19,1611), 
, BENZYL ETHER C,,H„D i.e. (CJ1..CHXO. 
DidH-nnyl fther, Di-bcu^l ojr.ulc. (* 29 K'' i. V.) 
E G, 1030. n 1-5525. Fi;'inrd by heating 
benzyl alcohol with B/), at 120"' (Cannizzaro, 
A. 92. 115). Also by lieating benzyl ehloride 
with water at 190® (Limpricht, A. 1.39, 313). 
Fnnn benzyl chlori»ie and sodium b<-n'zylato 
(Lo-.ve, C. J. 51, 700). Decomposed by heat 
into toluene and benzoic aldehyde, 

BENZYL.DI-ETHYL-AMINE C„1I„N U, 
C„H,.( H NKt... {212'^ cor.). From bcnzylamine 
Olid Ktl at LJO" (Ladenburg a. Struve, D. 10,47, 

I 561, 1152, 1034) J or from di-cthyl-amine ana 



boMyl chloride at 100® (V. Meyet. B. 10, 810. 

^BtHylo-iodide OA.OH 2 .NBtJ. Larg^ 
crjBtalfl, 7. Bol. water. On dry-diatillation it 
Rives triethylamine and benzyl iodide^ 

C,H,.CH2.NEtJ,[87®]-(C«H,.CH,.NEt,Cl).JtCl4. 

ii-benzyl-elbyl-amine C,«H,»N t.e. 
(C,Hj.CH,),NEt. Erom di-benzyl-amme ^and 
Etl ■ 


iinmi.r.cuw'il. 144. 315).-ll'HCl. 
hhylo^iodide (CA*CH,),NBt,I. 81. sol. 
cold wator. « tt 

BENZYL-ETHyL.BEHZEKE 


4- BOOg-i' Cf«H,/)g (MOUer a., Btxebkeri 

i. 118, 66). < 

Bhombio prisms (Irom alcohol): aihiom 
‘5113:1: *8058.^ Fluffy mass of needles (from 
benzene). Salt.— AgA.'. 

Beacticna.—l. HNO, gives a viscid nitro- 
acid (MoUer a. 8trecker).-2. Cone, ^ueoua 
I KOH gives toluene and oxalic acid on boiling.— 

1 3. Treated with PCl^ and H^O successively a 
monophosphate, C„iH,,OsPO,Hj, crystallising 
in prisms, [1G0°] is formed. 

Acetyl derivative. flOC®]. Plates m 


C,H,CH,C.H,U ! nMyl ether MeA'; 171=]: needles. 

Anhydride C,„II„Or, [169=]. Got 


i.V.l. 8.O. *00. From benzyl chloride, ethyl- ^ 

benzene, and zinc (Walker, B. G, GBG) or froin^)- 


by 


rth7Kophenn™riirm^ ' l>eatinK the acetyl derivatiTC. Prisms (trom 

15, 1582). Oxidation gives p-benzoyl-ben 


acid 


benzene). V. sol. alcohol and ether. NaXO, Aq 
converts it into sodium di-bonzyl-glycollatc. 

2^iiriZe{C,H,CH.,)..C(OH).CM. [IIB®]. From 
di-benzyl ketone, KCN and HCl. Colourless 
(lilt rhombs (from alcohol). At 113° it splits 
up into HCN and di-benzyl ketone. 


BEEZYL ETHYL OXIDE v. Hknzyl alcohol, j 
BENZYL ETHYL KETONE Le. '■ 

0,n».Cn,.CO.C..!I,. Mi.l. w. MH. (c. ‘22G ). 

H.O. '!:? 1-80. Frotii phenyl aoi.-tic chloride and t.i. 

ZnKt (PopofT, /I. 5, 501). Dties not combine [103°]. ]jrom the nitrile and cono. 

:;ipie.de acids I . oi*?iSSy'’"V;H.(o!il,)N,. 

‘ BENZYL -p.ETHYLPHENYL-CARBINOL [71°]. (310°). Formed by tho action of benzyl 
O.H,.CII,.Cn((m).(:jl,.(l.H. Il-.l'. (3r»0'). chloride on glyoxaline (Wallach, B. 10, 530). 

Liquid. Formed iiy iieating h*:ii/.yl ethylphcnyl- (Colourless crystals. Bl. sol. other, insol. cold 
kntnnflwith ttleoholic KOH at 100\ Uoiled with 


Id' ii ni inni 


dilute 11,80, it givti.s pht uyl ethylphenyl ethyl- 
ene (HOllsoher, //. I.'*. lOHli. 

BBNZYL ETHYLPHENYL p . KETONE 
C,llj.C14C0.(’,H,.C.dL II; I]. Kthitldeeioxybnu 
Ml'n. [Ol”). I’n'parcd by the action of AlX‘l„ on 
A inixturt! of ethyl benzene iin<l phenyl acetyl 
chloride (HtilUclu'r, li. lo, 1080). IJoils unde- 
eoinposed. V.l>. 8-03 (ebs.). Small plates. 
8(d. etlier, benzene, and b<»t ab’obci, si, sol. cold 
alcohol. On oxidation it givt's terephtiialio 
acid. On reduction it given pheriyl-ctbylphenyl. 
ethane. ^ 

BENZYL - ETHYLPHENYL - METHANE n, 

PniCNYI. Kl'MVt CMKXYl.-KTtUNn. 

BENZYL DI ETHYL 9ULPHINE. 
chhrritle (CJl,('H,.Si:t4,3KPlCl,. From K»1 
and di-lw'n/.yl sulpbide, the product being treated 
with AgCl nml 1*1(3^ successively (Bchiiller, /•’. 
7, 1271). 

DI-BENZYL-ETHYL 7 .semfo-THIOUBEA 

r.,,H uN,S i.c. C..n.S.CtMl,):NU. Formed by 
heating di-benzvl-tbiouroa with ethyl iodide 
at ’()()■. Oil. ‘ • , 

Salts, I’.'lll: 'il.l'j; monoelinic prismsj 
r. sol. alcohol, si. sol. water. ll'If.SO, : largo 
fonrsided rhombic Bohiblo tables. — B^lLPld** 
tine iii’cdles (llt^imSrus, II IP, 231!)), 
BENZYL-FLU0RENEU„ir„ U. 

>, [102°]. Formed by heat-^ 

iug rtuorene with bonded chloride and zinc-dust 
(Ooldschniieut, AT. 2, 113). Plates (from alco- 
hol). 

BENZYL-FOBM-ALDEHYDE v. Piikmyl. 

AORTIC ALDRIIYOB. 


water. 

DI-BENZYL-GUANIDINE C,.H„N, t.e. 

((.VI ..cri,NIl),C:NH. [100"]._ Formed by boil- 
ing bonzylamino liydrocblorido with benzyl- 
cyanamide in alcohol (Sirakosch, B. 5, 005). — 
Lamina? (from alcohol). 8ol. water, alcohol, 
and ether.- in It '1 ;i7r.°]. 
i BENZYL-HYDROXYLAMINE v. Uyuhoxyl- 

1 AM I NR. 

I BENZYLIDENE. Tho radiele C„H,.CH, also 
! called or The latter name 

j is, more appropriate to the isomeric radicle 
■ CJl,.Cf[,. 

i BENZYLIDENE-DI-ACETAMIDE 
! C„11,,NA J C- Formed 

by boiling acetamide with benzoic aldehyde 
(iioth, A. 151, 72; /. (2] 4, 050 ; 6, 680). 
Silky crystals, si. sol, cold water and ether. 
Xot uffected by ladling KOlIAq but decomposed 
j by hot HCIAq into benzoic aldehyde and NH.^c. 

BENZYLIDENE DI- ACETATE C„H,A 
CJIPli(OAc).„ Di ai'ctyl-bcn-.oic ortho -aldehyde. 

[ [15”]. From bcu/.oic aldehydo and ACjO or 
from benzylidene cldorido and AgOAc (Ocuther, 
A. 100, 251 ; Wicke, A. 102, 368 ; Hiibner, Z. 
1807, 277 ; Neuhof, A. MO. 323 ; Limpricht, 
A. 139, 321 ; Porkin, Z. 1808, 172). 

BENZYLIDENE-ACETIC ACID v. Cuimamic 

ACIP • 

Beniylidene-di-aoetio acid v. Phemtl-olu- 

TABJP ACUL • 

! BENZYLIDENE. ACETO -ACETIC ACID v. 
I p. 24. 

BENZYLIDENE-DI-AOETO ACETIC-ETHSB 


DI-BEN2YL-OLYCOLHC ACID 

(OJI,CH.J.C(OH)COJI. Oxatoluic acid. a-Oxy> 
di-phentjl ho-butyric acid. [167°]. 

Fonimt/on. 1. From the nitrile and oono. 
HCl at M0°-160° (Spiegel, A. 219, 46; B. 13. ; 
2219; 14, 1087),— 2. By boiling vulpio acid | 
(g. V.) with aqueous KOU: C„ll,«0^-f3H,0 j 


c.,*^MO.<.c.c,H,.cn{cn.cu(CO,F.t).co.cu,j,<?). 
p63°]. Formed together with dehydro-lbenzyl- 
idene - di - acetoacetic ether by the 

action of benzoic aldehydo (1 mol.) upon ^to* 
acetic ether (2 mols.) in presence of a primary 
amine. Long white needles. SI. sol. cold aloo- 
hol and ether (Hantzsch, B, 18, 25B3)* 





Ph 

0|A|0. poswMy 

McC— 0-CMe 

C880J. Formed as described above. Glistening 
prisms. V. sol. cold or hot solvents (Hantzsch, 
B. 18, 2583). 


( 9 . p« 87) with ioditttt>ftiAalgaiQ.-»B^Ot i amiU 
emUla, satily aolabla in water and aloohbl 
(Fiaoher, B. 16, 3836). 

BSKZTUOEKS J>I.AOSTOKI9E v. p. 34. 
BEirZTLIBEIfE . ACETOPHEKONE 
C:H,.CH:CH.CO.C.Hj. PJienyl stijnjl keUm. 
j 1%'niil cinnumt'nyl hcUmf. Ih'^tryli {t nc mdhyl 
\ piu'uyl ketone. Itenziil tu'ct.iykenone. (58®]. 


BENZTLIOENE-DI-ACETONAMINE r. p. 27 . (310^ 318®). Formed by pus^ing JiCl gas into 
BENZYLIBENE-ACETONE C,^UmO i.e. ! a mixture of acetophenone and i>rnziildnhyd<* ; 
Ph.CH:CH.CO.ClIs. Aceto-cinnanione. Mcthyh | by adding to the two latter bodies di- 

$tyryl ketone. [42^j (152 ') at 25 mm. (281® luted with acetic aei<l ; by heating them witli 

acetic anhydride to 170’; or* by treating them 
with dilute NaOll (Claisen a. ('lapari^de, JJ. 11, 
218.3; Claisen a. Fontler, A. 223, 148). 

Pre2Vtration . — 12 pis. of acetophenone are 


LV.) at 780 mm. 

Fortnation. — 1. From benzoic aldehyde, 
acetone and a little ZnCl.^ at 28U’ (Claisen a. 
Claparede, B, 14, 2481).- 2. By heating a mix- 
ture of calcium acetate with calcium cinnamato ; 
also in small quantity by heating cinnamic alde- 
hyde with Na and McI at 130 ’, or by boiling 
cinnamic aldehyde with McOH and ZnCh 
(Engler a. Leist, B. 6. 254). 

Preparation.— I'xom benzoic aldehyde (20 g.), 


mixed with 10‘5 pts. of henznldehyde and 3 pts. 
of a 20 p.c. soiiium methylate solution, and 
allowed to remain in the cohl for a few days 
when the whole will have solidified to a erystah 
line mass ; the yield is 00 p.c. of the theoretical 
(Claisen, B. 20, 857). Large trimetric tahhts. 


acetone (lOg.), water (IjHOO c.c.) and aqueous V. .sol. chloroform, ether, bi-nzeno and m, 
(10 p.c.) NaOJI (20 g.) in the cold. After four sol. alcohol, si. sol. petroleum ether. On oxida- 
daya tho oil that has separated is extracted w'ith tion it give.s henzoyl-formio and benzoic acids, 
ether, dried over CaCl.,. and rectified in vacuo On boiling with dilute aeid.s it is deeoin)»os(!d 
(Claisen a. Pon(h?r, A. 223, 138). into acetophenono and henzahlehyth*. By re- 

— Plates, apparently rectangular, duetion with Hi and P it is converted into di- 


It has an odour of coumarin and rhubarb and 
attacks tho skin. Easily soluble in alcohol, 
ether, benzene, and chloroform, less in petro- 
leum-cther. In cone. Il.SO, it forms an orange . 
solution. Forms a crystalline compound with 
NaHSO,, and a di-bromido C,on,„OBr.j [125 j 
crystallising in needles from alculiol. 

Phenyl hydrazidc C,JIuN.; : [158®]; 
flat yellow needles ; sol. hot alcohol, si. sol. cold 
alcohol and ether, insol. water (Fischer, B. 17, 
678 ; Knorr, B. 20, 1090). 

Oxim Ph.Cn:CiI.C(NOH).Cll 3 . [IIG®]. 
(220®) at 100 mm. Forms a bromide, [M-VI; 
and an acetyl derivative [91®] (Zelinsky,!^. 
20, 922). 

Di-benzylidine-acetone 

PhCH:CH.CO.CII;Cn.Ph. Cinnamonc. Di- 
ityryl ketone. [ 1 1 2 ’ j ■ 

Forrrtofton. —From benzoic aldehyde (20 pts.), 
acetone (8 pts.), and acetic acid (40 pts.), by 
adding (30 pts.) at 0® or passing in lit’l. 

Preparation. -From benzoic aldehyde (lOg.), 
acetone (3 g.), water (100 g.) and dilute (10 per , 
cent.) NaOH (20 g.) left 4 days in the cold; or 
from bcnzylidenc-acetono (7 g.), benzoic aldehyde , 
(6 g.), water (200 g.), alcohol (150 g.) and dilute 
NaOH (20 g.) (Claisen a. Ponder, A. 223, 142; 
cf. Claisen a. ClaparMo, B. 14, 350, 2480 ; 
Schmidt, B. 14, 1451fj. 


hi nzyl-melhano. Tho lICl addition product 
(;„ll^.C().CIIC1.01I^.C„H^. [120 j forms colourless 
triinetric plates, sparingly soluble in cithi alco- 
hol and ether. It is prepared by the addition of 
gaseous IlCl to tho ketone. Tlio di bivmide 
C,H,.CO.CJIBr.CHBr.C„H, [157®] forms short 
colourless prisms sol. Imt alcohol. Projuirod 
by tho addition of bromino to tlie ketoni>. 

BENZYLIDENE - 3 - ACETYL - PROPIONIC 
ACID i.c.CHPh:CH,.CO.CU,.Cl I,.CO,H. 

Bcmyluicnc-hcvulic acid. I'dmumwyl-jiropionic 
acid. [120 ’-125 ']. Formed by heating hevulic 
acid with Wenzoic aldcliyde and sodium acetate. 
Small white crystals. The lead salt is insoluble. 
Dissolves in cold cone. with a red colour- 

ation. Boiling cone. KOII splits olT henzahlo- 
hyde. Itoduction in alkaline solution yields 
hcmyl-valcrodactone C,jH„0.^ which forms largo 
]>rism8 of melting-point [80°] (Erdmann, B. 18, 
3411). 

BENZYLIDENE-I80AMYL-AMINE. An oil 

formed from benzoio aldehydo and isoainyl. 
amine (Schiff, A. 140, 93). 

BENZYLIDENE DI- ISOAMYL DI- OXIDE 
,C„HiCH(OftjH„)j. (292'® cor.). From bojzyl- 
ideno chloride and NaOC^U,, (Wicke, A. 102, 
383). 

BENZYLIDENE - ANILINB O. H. N i.e. 
C^Hj.CHrNPh. Amlide of hcmoic aUlehydo. 


Pr( 7 per<i> 5 . - Bright yellow monoclinic tablets ! [19®J (Ticmann a. Pje.st, B. 15, 2028). 

(from acetone or CHClJ rt;5:c - 4-8Sf):l:l-378 1 Formation. -1. By warn, ng aniline with 
3«78® 43'. Keadily soluble injchloroform or benzoic aldehyde (Laurwt a. Gerliardt, Comjrt, 
acetone, less in ether or cold alcohol, idives cdm. 1850, 117).— 2. By In .lUng di-phenyU 
• * • — thio urea with benzoic aldehyde (Schill, A. 148, 

336). 

Properties.— haminm ; volatile with slcam, 
insol. w'atcr, v, c. sol. alcohol and ether. At 
200® it changes to an isomeride which differs 
from it in forming a salt B'^H^PtCl,. 

Hydrocyanidc [82®]. Formed 

by passing UCN into fused benzylidcne-aniline, 
or by the action of KCN on a mixture of benzoio 
aldehyde and Milme hydrochloride dissolTtd 


an orange solution in HjSO,. 

Tetrahroviide C„H,,OBr, : white nccdlc.s 

[a08®-211®]. 

BENZYLIDENE-DIACETONE-ALCAMINE 

H,C-CH(OH)- CH, 

C„H„NO U. I I (?) 

(C,H,)HC — NH — C(CH,), 
Oxy- phenyl • di-mclhyl-tetra-hydro- pyridine. 
Thick omourless oil. Formed by reduction of 
AO acid solution of bcuzylidene-di-acetonamine 




m 

in aloohol tOttcihi Br ili It 
eentrio n^soles, insot allcaVig and dilate acids* 
BBHZ YUDEKE-DI- AU TIPYRINE v. Di-oxi- 

lETBA.-Wl!itHYl4*Dl-QTJlSlZYT<PHT5nYL-MRTHANB. 

Dl.BENZYLlDBNE-BENZIDINB OmH’oN- 
U 0„H„(N:CHl‘h),. (C.); [239^] (B.). 

Obtained by heatinR hydnixo-benzone or ben- 
Sonc-azo-bt nzcno with boii/oic aldehyde and 
ZnCl,^ (Clt'ive, HI. [2j 45, 188 ; BarzilovBky, J! /<• 
1885, iWf). Yellow soalcH (from benzene and 
chloroform). Ibsdved by llCl into benzoic 
aldehyde and benzidine. 

BENZYLIDENE-DI-BENZAMIDE 
C,,iI„N,0, i.e. C.U,Cll(NH.CO.C,H,),. [107 


. 47116. 886 1 iM, 

^rUnaox, BU 9, 847).— 8. From b^ioio atte. 
hyde and snooinyl chloride (Bembold, 4l. IBS, 
189) or OOCl, (Kempf, 1871, 79). 

Preparati(m.-~l. By passing 2 mols, o! 
chlorine into cold toluene (1 mol.) exposed to 
direct sunshine (Schramm, B. 18, 608).— 2. By 
heating toluene (7 pts.) with PCI, (30 pts.) at 
100'^; the yield being nearly that calculated 
(Colson a. Gautier, Bl. [2J 45, 87). 

Properties.— Oil f with faint odour. 
Ileactions.—l. Converted into benzoic alde- 
hyde by toafer or aqueous K^COj at 130°, or by 
Formed by healing beiizoie aldehyde with bonz- j warming with HjSO* at 50^ and treating the 
amide (lluth, A. 151, 7(1). Long silky needles \ product with water (Opponheim, B. 2, 213).- 


(Iruin ulc.tihol), ins<d. water. Uesolvod by hot 
HCl\q inlr) the ^jare.iit sulutances. 1 

BENZYLIDENE DI BENZOATE I 

CJlyCll(()B/.).. From benzylidono chloride 
and AgOUz (Kugelluu'dt, *7.1857,471). Crya- 
Uiline. I 

BENZYLIDENE BENZYL-AMINE 
Cjr,.CU:N.CIl,.(:.H.. (e. 300*). Formed by the 
action of I’Cl, mxin ili benzyl hydiM.xylamiMe, 
prol)u!)ly by intermediate, fminatirm of tin- idile- 
ride iC,.ll,.(!ll,l NMd. Oil. V'. sol. Ji!.n)h(d and 
ether, insol. water. 

Salta. I'll If /I ; (2*il’l ; lo)n.» plate.'? or 
Uble.s; v. a^d. aieuliol, .'qi uinidy in e.dd water, 
more readily in Imt. li ,dl I’tCI • : .mn.\ll 
goldeu-v<'Muw er\fdala (Walder, /». l‘.«, 
BENZYLIDENE BROMIDE (^ ll.Hi, 
C„lI^.Clli(r.j. hrooiiih’. u> I)i hioutn- 


2. Alcoholic KIIS forms benzyl disulphide and 
<li-thio-benzoio acid. -3. Bfd-hot soda lime 
forms benzene (Limpricht, Dl. 1866, ii. 467).— 

4. Chhrine forms p-chloro-bcnzyliJcne chloride. 

5. Nitric acid forms ^j-nitro-bonzylideno chlo- 
ride (Uiibner a. Bento, B. 6, 803; cf. Bidlstein, 
A. 116, 333).--t).Ag04o forms C„H,.CII(OAc).,. 
7. Silver oxalate forms benzoic aldehyde (Go- 
lowkinsky, il. Ill, 252). — 8. Na forms di-pheiiyl- 
i'tliylono.— 9. Mel and Na form cumene. — 
10. Nllj forms hydrobenzamidc.— 11. Znlilj 
diluted with benzene forms C,,!!,* di-ethyl- 
plienyl-methano and C.-Hjo (Dafert, Af. 4, 618). 
12. (JopiHir at lOD^ gives CFliCl^.CFhCl^ and 
CFhHCt.CPliIICl (Onufrowicz, B. 17, H.d.d). 

BENZYLIDENE . Dl - CHLORO • CHEOMIO 
ACID V. Toi.uknh, 

DI-BENZYLIDENE.ETHYLENE-DIAMINB 


toluene. (130 ’ 1 10 ) at 20 mm. From be../..ic C,,1I„.N., i.e. C,iH,(X;CH.O,.lI,).,. [54°]. Formed 
aldeljydo and Fl>i\. ( an otdy be distilled by beating ethylcu'-diamino (1 mol.) with ben- 
vacua. No inini at I'^O forms toluene and di- zoic aldehyde (2 mols.) to 120°. Largo colour- 
benzyl (Mioii.iel tori a. Lipp'uauu, IJl. pj] 4, , less tabte.s. V. sol. alcohol and benzene, insol. 

i water. Decomposed into its constituents by 
BENZYLIDENE BROMIDE BENZ^OATE | acids (M.ason, A 20, 2701. 


(Vl..Clls 


Itr 




«ENZYLIDENE-ET1IYLENE-DI-8BLPHIDE 

I .S.Cli, 

C,fI,.CU^ I , [2'.rj. Fonm'd by passing 
\s.CfI, 

lli’l /.Mi into a mivtuic of equal inols. of beuz- 
j aldt liule and ethylene sulphydrate. Crystals. 
Ka-iity soluble in ab’oliol, rdhor, and benzene, 
in.soluble in water. Very .stable body. By the 
Uittion of bromiuo uiioii the (‘blorofonn solution 

di-etb\l»Mm-tetra sulphide CdI,<^y'^C;;H, ii 
! formeil (Fasbender, Z?. 20, 160). 

, i BENZYLIDENE DLETHYL-DI-OXIDE 

r. ; n;: ! etlicr l.t \ . (171 |. Finm ivirba- C„lI,.Cil\()Kt).. (222 * cor.) derivative of 

mn^eihei , ben.^on' aldebyd«'. .and I ltd i Bi.-s hotlf, ^avioic orthoalUehf/de. From bo.izylidencchlo- 
h. 4. (..It. Cryjflalff; may be -ublijn. d. i ride aud NaOKt (Wicke, A. 102, 363). 

/V. /.M etlier Pr.A". tri3 j (Bischoff. It. 7, I BEN JYLIDENiS.DI- HEPTYLENE -TEIRA- 

If -RE A (’ i.e^ 

,®®^2YL1DENE CHLORAL-AMMONIA C ,ll,.(’ii|NJI.l ().Nlf.C:II,,.NH.CO.NH.),,. 

[l.dO'']. • From bi :izoio»a!dehvtle and hcptylene-diurca 
\Mme lealletg. Dwomp.Ked by dilute acids (Selii^l. .1. 151, 111.*.). 'lu.solublc powder, 
and by boiluig water. Pie|Mivd by the action , BENZYLIDENE MALONIC ACID 
jf ben.-.oic aldehyde on chloral ammonia (SchilY, ■ l‘!i.CIl:C(CO 11).. ; lOU'i (C.) ; ( I9.3°j (S.). 


Noco.cji; 

Oolotirless tallies or pri-mis, Nol. alcohol, ether, 
And iits-ln .leid. iVepareil by mixing he.i.'.ilde 
by In and benzoyl bromide. On distillation it 
again doeompo.se.s into the.-a! bodies ((daisi n, U. 
14, 2175; (■/. l/iel)ig ti. Wohler, .1. 3, 266). 

BENZYLIDENE DI BUTYRAMIDE 
Oi.II, ;.e. C„|[,.(qi|Ml.CO.C.ll 1,. Slender 
cr)^tal.s formed by he.iliiig biityr.'imide with 
boJi.'.oio .aldehyde (Slreek»'r, f. 17,). 76). 

BIN^'LIDENE-DI CARBUMIC ACID 

0,11(11 N I l.CO, II), . 


BENZYLIDENE CHLORIDE C.H^Cl, i.e. 

D^H,,Cdl(Uj, tten.al ch'orUe. Chlorol>enzol. \ 

UeiKyleve chhrUie. atol. w. 161. (204°) at i 

b76 mm. S.G. I 1-27. S.V. 15F25 (SchilT, It. 

19. 563). 

i'ornm.',.. 1 . l<Vom benzoic aldehyde and * 

(Cahoura, A. 70, 39 ; Suppl. 2, 253, 306), ^ The product ia diluted with water, ahakao 


F » ;:;,;t!on.—l. Froui tlic other by nqueOQS 
baryta. —2. From benzoic aldehyde, malonio acid 
an 1 Ac O at 100° (Claisen a. Crismer, *4. 218, 
135). 3. From benzoic aldehyde, sodic inaloQ- 
ate, and ghioial acetic acid at the ordinary tein- 
peraturo: Ph.CHO + CH (CO^a), - 
PhCU;CiCO.Ne), + HG. 



9 haJt«Q with fliktrtr 
«qA I!m eiber 4i«kiliod off (Stowt. C. /.4S,405; 
V. also Olaisen, 218, 129). 

Prw^ties , — Colourless glassy prisms. SI. ! 
•ol. oold water, v. e. sol. hot water, ▼. sol. alcohol, ; 
aeetio ether or acetone, m. sol. ether or glacial 
acetic acid. Insol. benzene, chloroform or ! 
petroleum. Does not give in neutral solutions 
a pp. with BaCU ; but on warming such a mix- I 
tare needles of the salt BaA" separate (charac- : 
teristic reaction). 

Salt.-AgA". I 

Reactio7is. — 1. At 200° it splits up into CO;, 
and cinnamic acid.— 2. Boiling wati'r decom- 
poses it into benzoic aldehyde and malonic acid, 
some COj and cinnamic acid being also formed. | 
8. lieduced by sodium tnnahjani to benzyl | 
malonio acid l*h.ClL,Cll(CO.H) .. — i. Jiromine j 
acta on its solution in chloroform forming j 
PhCHBr.CBr(CO.iI).j [90 ] whence water forms ' 
o-bromo-cinnamicacid (.Stuart, C. J. 49, HOO). ; 
6. Cold alcoholic yota&h forms crystals of j 
Ph.CH(()Et)ClI(CO..K)j,, whence a 8ilv(‘r salt, ' 
PhCH(OKt)CH(C(X Ag). may bo got. The free J 
acid, if heated rapidly, melts at ri0°-130°, split- ^ 
ting up into EtOll and henzylidono- malonio acid, ' 
which then solidities again, and melts a second , 
time at 190-’. By crystallisation from water the 
acid is partly split up into alcohol and benzyl- 
idene-tnalonio acid. — 0. IllJr forma /3-bromo- ! 
phenyl -is().succinic acid Pli.OHBr.CH(CO.H),j, 
which is decomiioscd by water into HBr, cin- i 
namic acid and Cl)^ (Stuart, C. J. 49, 300). i 
Kthyl ether Kt^". (32^]. (192°) at 17mm. j 
S.G. ^ Mil. Formed by passing HCl into a 
mixture of malonic ether and benzoic aldehyde ‘ 
or by treating the mixture with Ac^O at 1*00° ■ 
(Clttison, li. 14, 3lo). Large transparent ervs- ' 
UU (Stuart, O. d. 19, 3(;0j. ' Boils at 30B°-3i2° i 
with di;composition. 1 

BENZYIIDENE-MESITTL OXIDE C„lif,0 
f.6. (CH,),C:ClI.CO.CH:CH.CJI,. (179°) at 14 ! 
ram. Oil. 'Prepared hy passing IICI gas into a mix- ! 
tureof mesityl oxide and henzaldehyde (Cluisen, j 
B. 14, 351). Forms a tetrabromide [U8°j. i 
BEKZYLIDENE-METHYL-KETOLE C,jn,,Nj i 
[248°]. Colourless plates. Formed by reduction j 
of dimothyl-rosindolo C^sH^gNj, with zinc-dust ' 
and NH,. It is oxidised in acetic acid solution ; 
by Fe,Clg back to di-methyl-rosindole (Fischer 
a. Wagner, B. 20, 810). | 

BENZYLIDENE-DI-METHTL-DI-OXIDE 
0,HjCH(OMe),. Di -methyl derivative of benzoic 
oHhoaldchyde. (208° cor.). From henzylidono 1 
chloride and NaOMe (Wicko, A. 102, 303). 

BBNZYLIDENE -DI - METHYL-p-PHENYL- 
IITB-DIAMINE Cgn,.CII:N.CgH,.NMo,. Benzyl^ j 
iden$ •amicU) - di - methyl -janilinc. j\felliyl- ' 
'phenylene-diamide of benzoic aldehyde ['J8°j. 
Olistoning plates or needles. SoX hot alcohol | 
and benzene, si. sol. cold alcohol. Weak Base. 
Formed by mixing benzoic aidcliyUo ami w-di- i 
methyl-p-phenylene-diamine, cither directly or 
In alcoholic solution. By UCl it is split up into I 
its generators.— B"II^C1;, ; white solia (Calm, B. ' 
17, 2940). i 

BBVZYLIOENE - {Py. 3) -KETHTL-dUIKOL- I 

I 

vvJnL.Lin. 


benzoic ald^dc or benzyliieno chloride i^i 
ZnCl, (Jacobs^ a. Rcimer, B. 16, 2606). Olii 
tenjng colourless needles. Sublimable. Sol. bo 
plcohol, insol. water.— B'HjCr.0, 2ia(| : verj 
sparingly soluble reddish -yellow ncedlen. 

BENZ7LIDENK . (j8) - NAPHTHYLAMIHl 
CJli.FH;N.C,gIL. [103°J. From benzoic aldchydi 
1 ana )i!»]ihthvlamiiu* (Claisi ii. A. 237, 2bl). 

BENZYLIDENE - («) - N APHTHYLAMUrK-i)- 
, SULPHONIC ACID C.„ir„(N;CJl.C,H,;.SO,n[l:4h 
j The sodium salt (A'Na) is obtained by shaking 
a strong solution of sodinm'(a)-naphthylamint!- 
8ul]>bonato with benzaldehydc. By long boiling 
with water it is split up into its constituents 
' (Calm a. Lange, B. 20, 2(KU). 

BENZYUDENE.DI-{8)-NAPHTHYL - OXIDE 

j CgHj.CH<^p"'|j*^0, Anhydride of di-ory-di- 

! naidithyl-yheuyl-mcthane. Ciystallinib 

: solid. Insiilnble in aipieous alkalis, 
j Formation. -" I. By heating a solution of 
' (8)-naplitliol and benzoic aldehyde in acetic agid 
' to 200’, or with addition of 1I..KO, or llCl on 
I the water-bath (Trzeinski, B. 17, 499).— 2. By 
wanning ben/ylideno di - naphthyl di - oxids 
, C„H^.C11 (O.C,q 1L).. with acetic aeid ami a few 
' drops of JICI. ill these reactions di-oxy-di- 
naphthyl-plicnyl-inethane Cgnj.Cll(C,„Hg.OU)K 
! must fir.st ho formed and at once split olf HjO 
(Chiiseii, B. 19, 3317). 

; Beuzylidene di-(i3)*naphthyl-di-oxide 
1 C,,ll,.,0, i.e. C,H,.CH(OC,Jl,)j. Di-naphthyl 
; ortho - benraldekyde. j2().5°j. From benzoic 
aldehyde (5*3 (ds.), (8)-naphthol (7’2 pis.), 

‘ glacial JIOAc (30 pts.), and fuming HCl (2 pts.) 

■ at 0 ' (Claisen, A. 237, 209). Tables, hI. sol. 

' CIICI, and C.S.^., v. si. sol. alcohol and other, 
i insol. alkalis. Cone. H^HOg gives, on gentle 
1 warming, a deep-red solution. IlOAc and some 
; HCl 8lowl7*c<,nvert it at 100° into henzylidono-^ 
! di-naphthyl oxide, a change which also occurs 
! when it is heated at 210°. 

! BEffZTLIDENE OXAHIDE CgH,N,Og. 

! Formed by warming oxamio ether with benzoic 
! aldehyde (Mcdicus, A. 157, 50). Larainao, 

I B ENZYLIDENE - PHENYL - DIAMINE c, 

rilKNYL-nKNZAJUnrNK. 

DI BENZYLIDENE-p-PHENYLENE DI- 
, AMINE C,„H,„N, i.r. C,H,{N;CHPh),. [140°}. 

' From p-plu'nylenc«diariiirio and benzoic aldo- 
Jiydn at 128" (Ladenhurg, B. 11, 59(0. Plates 
r (from alcohol), ilosolved by hot HulAq into 
the parent substances, 

BENZYLIDENE-PHTHAB-BTHYL-IMIDINB 

C„H,jONi.e. C,Hg<^ " Fthyl- 

gththallmyi- benzyl, [c. 77°). Foi med by boiling 
the ethyl-amide of decdybeiizo'ii-o-carboxylio 
acid CgHg(CO.NHEt)CO.CJi^.Cgl!j, with acetic 
acid. Plates. V. sol, alcohol, benzene, benzoline, 
and CS.. (Gabriel, B. 1«, 21.33). 

BENZYLIDENE-PHIHALIDE C„H,gO, U 




Benzylidene- 


; C-CH-CILC,H,(?). [100°]. Formed , 


phthiilyl. A nhydride of deoxybenzo'in carboxylic 
acid. 

Formatiofi. 1. By heating phthalic znhy- 
drido (opts.) with phenyl-acetic acid (6 pts.) and 
NaOAc (1 pt.) (Gabriel a. Michael, B, 11, 1018). 

KK 



m 




I. By h«iiting phthalyUphenyl’acetio acid in 
vacuo (Gabriel, R 17, 2626), 

rrtparaiion.’-^k mixture of 100 g. phenyl- 
aeetio acid, 110 g. phthalio anhydride and 2^g. 
dry flodium acetate is heated for 2 hours, and the 
product crystallised from alcoiiol ; the yield ft 
7r>.7« p.o. (Gabriel, li. 18, 3170). 

Pr<fpcrtir.s . — fjoiig prisms (from alcohol); 
iuBol. water, si. sol. cold alcohol. • 

Hot aipioons KOII forms 
|X>tiifi.uum deoxybenzo’in carboxyhite. — 2. By 
heating with alcoholic NH,, at 100' it is con- 
verted into deoxyhnnzoin - carboxylamido 

solution in II.SO4 

or by l»)iling with glacial acetic acid loses H^O 
giving benzyl idenc-phthalimidino (phthalimidyU 

bonjyl) Simi- 

larly athyl am 'inc yields the ethyl-amide of de- 
Oxybenzoin carhoxylic acid, and this on boiling 
with acetic acid gives bcnzylidene-plithal-othyl- 

imidino ((UbricI, B. I 

18, 2 133). -4. By dissolving in benzene and j 
tnuitmciit with nitram acid gas it yields 

<Ontiri.I, II. 18 , 1 'JSl). 

Iti'fcrcnci'.s.-- V. Cyavo- and Nrrno-nKNZYL- 

lIlKNIM'MTIIAMnn. 

Ceuzylidenc-phthalide-di-bromide 


C,ll 


GUr( CllBr.Cjgv 


CO Formed 

by the combination of bcnzylidcne-phthalido with 
bromine (Gabriel, IL 17, 2rj27). Thick glisten- 
ing prisms. Sparingly aolulile in alcohol. 

(Iso) . Bonxylideae-phthalide C,JI,.0, i.c, 

1 « [01®]. Formed by reduction 

' CO.O m% 

of nitro-henz^lub'ijo phthalide 

C,ll,<^< " HI andP. Pre- 

pared by reduction of nitro-bonzylideno- , 
phtlmlido; yield, 47 p.o. of the phenvl-acetic '■ 
aotd employed to prepare the lumzylidem'- ■ 
phthiilido (Galniel. li. IH, .'U?!). I’hit eobmrlesa 
needles. K.isily soluble in alcohol and benzene, 
sparingly in ligroin. By further rctinclion with j 
HI and I’ at 200'^ it yields ,'?-di plienyl ethane ■ 
•.carboxylic acid (!.H..(^[,.01I..(J.;H,.t:().H; i 
By boiling wtli a(pieous NatHl it ft convorled 
into deoxybenzoin - 0 - carboxylic acid*: 
Wl,(tOjjH).(;ilXU).(v,^II^ Heated with alcoholic • 
NHj it gives •isifbenzylidono phthalimidine 
/■1I:0.0,H, 

JlH 

benzylipene-pbthal-imidine ' 

yC - CH.O.fl, 

c.,ii„0N t.f. . bhomu 

imUyl.Ivn.-^l. [m% Y. lKnv platos. Formed 



fnr.Ni; ni nivi imiiunk. 

Isobcuzylidene-phthalimidiue i\ (Vu. 4)-Oxy. I 

{Fy. 2)*rHi'.Nvr.-i8o<jriNoLiNE. 1 


pJi®]. Foiinedl by heating 
pipendine with henzoio aldehyde. ColourleS 
prisms. Very unstable, being decomposed even by 
boiling with water. Dilute acids resolve it into 
benzoic aldehyde andpiperidinefLaun, B. 17. 6781. 

BENZ YLIDEN E-KHO DA N IC ACID ' 

C,„H,NS,0 i.e. CJI,.CH:C(SH).CO.S.CN. [200®]. 
Formed by the action of benzoic aldehyde upon 
rhodanic acid in presence of dehydrating agents 
(Ncncki, J). 17, 2278). Y'ellow needles, sol. 
water. By heating with baryta-water it is 
split up into a-sulphydro-cinnaniio acid 
CttHj.CH:C(SIl).CO.JI and hydrogen sulpho- 
cyanide. Heated at 410® with cone. II.SO4 
(4 pts.) it is converted into benzylidene-rhodanio. 
oxy-sulphonic acid O.oHjNS.O. (Ginsburg a. 
Bondzynski, B. 19, 119). 

BENZYLIDENE-RHODANIC-OXY-SULPHO- 

NIC ACID C,„lI,NSpi. Formed by heating 
benzylidene-rliodanie acid with cone. H^SO^ (4 
pts.) at 110®. Nee<lle3. V. sol. water and 
alcohol. Very strong acid (Ginsburg a. Bond- 
zynski, B. 19, 119). 

BENZYLIDENE- ROSANILINE C„H„N,. 
brom rosaniline and benzoic ableliyde by heat 
or by shaking with SO.Aq (ScliilT, A. 140, 111: 
X. 18(17, 17ro.-BMl.l>tCl«. 

BENZYLIDENE ' SELENIDE C«H,CHSe. 
Sch'iw-bcyLToir aldehyde. [70®). From benzyl- 
idene chloride and alcohol K.So (Colo, B. 8, 
11()6). Yellow needles (from alcohol), insol. 
water. Not attacked by N H,. 

BENZYLIDENE-DI-SKATOLE C.. n...N„ i.e. 
PhCH(C„HHN)... [142®]. From skatofo (2‘ pts.), 
benzoic aldehydo (I pt.) and a little ‘ZnCl.. 
(Wenzing, A. 239, 241). Insol. water; v. sof. 
hot alcohol and ether. Boiling HCl does not 
split oil benzoic aldehyde. 

BENZYLIDENE SULPHIDE u. Tiiio-benzoio 
aiJkiiydk. 

BENZYLIDENE THIO-BIURET C,n„N,S,t.c. 
C.»C.CI1<N;^^}«»))>N]I(?,. [2;.7]. Formed 

by lieating henzoio aldehyde witli ammoniuni 
snlphocyanido at 1.37®-105® (Bro.Isky, ill. 8, 27). 
Minute pri.sms (from alcohol) ; insol. water, si. 
sol. eohl alcohol; sol. dilute KGII. Boiling 
haryla-water forms benzoic aldehyde, barium 
sulpliocynnide, and di-plienyl-thio-urca. 

Aoctyl derivative C„II,Ac.N,S^. [180®]. 
BENZYLIDENE o-TOLUIDINE C„II„N t.«. 
CJI,.CH;N.CJ[4.CH, [1:2J. BemauUyde o- 
toluidc (314®). From o-toluidino and bonzoia 
aldehyde (Btard, C. R. 95, 730). Resolved by 
boiling water into its generators. By passing 
through a tube heated to dull redness, it is con. 
verted into jphenyl.indole 

(Pic^l, U. 19,*10C3). 

Ben^lidene-p-toluidine 

C^Uj.ClIiN.Crill^.CHa [1:4]. Prom benzoic aide, 
hyde and p-toluidine at 100® (Schiff. A. 140,96; 
Kohler, A. 241, 359; Mazzara, Q. 10, 370). 
Melts below 100®, but changes at ICO® into an 
isomeride [120® -125®].— BMIPtCl.. 

DI-BENZYLIDENE-TOLYLENE-DIAMINE 
C,,1I„N. t.«. C,H,Mc(N;CHrii), [1:2:4] [122®- 
128®]. From benzoic aldehyde and tolylene. 
diamine at 100® (Scliiff, A. 140,98). Neutral 



^NZTS<4ISl«nriMI^3^^ ACID. : in 


aiut} «l U givM 

™'BBHmiDEirE.DI-UBBA C,HpN*0, U 

C*H„OH(NH.CO.NH,),. BenMehyde diurcXiU 
[196®], Formed by adding benzoic aldoliyde to 
an alcoholic solution of urea (SchifT, A. l'vt2). 
Crystalline powder, insol. water and ether, i^ol. 
alcohol. 

Di-bensylidene-tri-urea l\)\vder, 

formed by heating urea witli heii/.ole aldehyde. 

Tri-boniylidene-tetra urea 
[o. 210 ']. Powder, formed hy heating benzyl* 
idenC'di'Urea with henzide uMelivde. 

BENZYLIDENE-DI-URETHANE r, Bunzyl- 

n)EKiM»i-CAni!AMH' \eii>. 

BENZYL.INDOLE C,JI„N i.c. 

^Cn. [11-o'J. From its car- 

boxylic acid (7, i'.) by heat. Yellowish needles 
(from alcohol). V. sol. benzene, light petrohMini, 
chloroform and ether. Turns pine woo I mois- 
tened with llCl yellow. Pier.ito forms red needles. 

BENZYL-INDOLE CARBOXYLIC ACID 

OuHuNO, i.Q. H >C.-CU II. [195^ 

with dooounio.dlioii]. Pyruvic acid combines 
at IT)^ with Ixoizvl-idieMvl-hydrazine, forming 
•'ClI,.C((:OIl):N.NPji(: ll‘ when.e HCl at lUO ' 
f(;rin3 heiizyl-indol'Cailxjxylic acid (.Viitriclc, A, 
227. 3«;2). 

iVopf'/7;'-.V)‘. •-Colouile<-? needles (fnun gla-'-ial 
acetic acid). Kl. sol. water, chloroform, ami 
pctroli um, .sol. ether an<i alcohol, v. si. sol. 
benzene. Goiivorled by heat into CO^ and 
benzvl indole. 

BENZYL IODIDE C Il.I i.e. C„lI,,Cri,I. 
[24®]. hi.d. 1-73. 

Formation, - 1. From benzyl .'iloohol in C.S,. 
and iodide of pliMsplKirus. ‘i. Slowly form'd* 
by the action of cold 111 (S.O. l‘9i)) on benzyl 
chloride (Licl.-n, [2] 0, 7:U;j.~H. Fr< ni 
benzyl chloride and KI (V. Meyer, B. 10, 
911;* Kumpf, A. 221, 120), Znl;,, or Pbl, (llrix, 
,1.22.5,151). 

FroiK'rtit's. -Cry.stals: decomposed by dis- 
tillation. Gives benzyl acetulo witli AgdMe, 
and tribenzylamine with alcoholic NIP,. Silver 
nitrite gives benzoic aldehydo and ueid (Van 
Hencsso, B. 9, 1151 ; Brunner, B. 9, 1741). 
BENZYL- (2^it-m/o).ISATIN C,iIl„NO, i.e, 

Cjn4<[j^Q^I ^CO. P'rom benzyl-indole 

carboxylic acid and NaOCl in feebly alkaline 
solution, the insoluble chloride tlien j>roduci-‘d 
being subsequently boiled with alcoholic NuUJI 
(Antrick, A. 227, 905). 

Properf/V.,. — Slender needles (from alcohol). 
81. sol. water, sol. ether. Shows the indoj)ln nine 
reaction with ILSO, and crude b nzene con- 
taining thiophene. * 

DI-BENZYL-KETONE C, JI.^O U. • 
COfOHjPh).. DUplicnyUacctone. Moh.w. 210. 
[30^]. (.920*^). Formed by the dry distillation of 
barium phenyl-acetate. Prisms, CrO, oxidises 
it to benzoic and acetic acids (PopolT, B. 6, 
6fi0). Reduced by HI at 180® to di-beiuyl- 
methane (Graebo, B. 7, 1623). 

BENZYL-MALONIC ACID C,JI,„0, t.e. 
C,Hi.CH,.CH(CO.lI).,. Phcnyl.Uo^mcinic acid. 
[117®]. 

Pornkifion.— 1. By saponification of its ether. 


B. From bo&Bylida&e-malonio acid by-folivia* 
amalgam. 

PropertUs.^TnoMmo crystals, sol. watari 
alcohol, and ether. Splits up at 180® into 00^ 
and il-phenyl-propionic acid. 

• Fthyl ether Ji:f..A" (300®). S.(}. (ll 1*08 
(Conrad. A. 204, 174; B, 12. 7521. Sodium 
j ben/vl-malonio ether is convert*'*] by iodine 
; dieselved in ether into •‘G.H.CII ..Cl(CO,Fl),„ 
j wliieh is converted by aleoholie Kl>il into 
cthoxy-bi'nzyl-malonio ether (BiMdi -tT a. JIuus- 
diirfer, J. 239, 110). Convi rfed by alcoholic 
NH, into the amides Cli d’li.C’iht’GNlP,), 
{225 ’j and CH.Ph.CH(ro,Kn(Gt)Nll ,) [98®j 

(Bisehoff II. Siehi rt, A. 2:»9, ‘Mi). 

Di-benzyl-malonicacid (G H .Clld.CiCOII),. 
[172 ’]. P. ; |163''i (B. a. II). IwiniuMl by tiaj'onify- 
1 ing the rther (IVrkin, C. J. 17, 821). Slender 
, m'c.lles (from wati r) or thick prisms (from 
; alcoliol). V. e, sol. ether and alcohol, m, sol. 

liot water, si. sol. liot ligrohi. Gives di benzyl- 
: acetic uci*l on lieuling. 

j Fthyl ether (C„U,.CH,),C(CO,Kl). (250 ) 
I at 40 inm. S.G. 1‘093. Thick y*dlow 

I liquid. Formed by the action of benzyl 
chloride upon sodio-malonio ether. By heal- 
ing with alcoholic KOli it is converted into 
di-benzyl-acctic acid (Lellinann a. Schleich, 

B. 20. 439). Converted by treat nn'nt with alco- 
holic ammonia into C(i.Ft.ClltG,lI-).CO.NlI., 
and (CO.Nil.) GIJ.CII Ph, benzyl being split off 
(BiseholT a. Sieherl, /. 231h 97). 

TilI-BENZYL-MELAMINE 
(CJIi.Gir.Nll CN)a. Formed spontaneously 
Bom bcnzyl-cyunamido by isomeric change 
(.StrakoKch, B. 5, C91). - B'"3llCl. 
i BENZYL-MERCAPTAN C.H,S i.«. 

C, H,.GIJ,.S1L Mol. w. 124. (195 '). S.G. *'> 

1 ()5H. Krtim benzyl chloride and Kli8 in 
i.lc.dnd(Marcker,yl.]3G, 75; 110 80) X^ungent 
liquiil Avitl#^.iJiacoou8 odour. 

j Salts. -(C.U,S),lIg : needles. -0,U,8HgCl. 

I - (G,Il,..S),Pb. 

i Benzoyl derivative CJI.CII^.SBz. 
! [40®]. Colourless crystals (Otto a. Biiders, B. 
I 13, 1285). 

Ftkyl derivative C,n,SyA. (21C®). 

BENZYL-MESITYLENE 0,JI„ i.c. 
C.II^.CI1,.0 ,H,Mo 3. [30®]. (c. 302). V.D.7*36. 
Prepared by boil ing benzyl chloride with raosityl- 
1 cno in presimeo of Al^CI, (T^ouiso, A. Ch. [O] 
0. 176, a li. 05, IKS). JVisins; ▼. sol. alcohol, 
^ther, and binzeno. 

JteactioHS. -~l. HI at 180® gives toluene and 
incsitylene.— 2. CrO, gives beiizoyl-mesitylene. 
I 3. UNO, forms a tri - niirc - derivative, 

I [185®] and an acid [266®]. — 4. Passage through 
a red-hot tuboforniH twodl metliyl-antliraccnes, 
^nthracere, and pJienan throne. 

Di-benzyl-mesitylene • (CjH..ClP.)AHMo,. 
[1,3!®]. (3.5.5®) at 120 mm. From ! cnzyl meBityl- 
cne, benzyl chloride, and AljCl, (Louise, A, Ch. 
[Oj <■», 107). Minute prisms. 

BENZYL-METHANE v. Etiiyl-benzrhic. 

Di-benzyl-methane v. Di-iuiKKTL-pnorAKE. 

BENZYL MUSTARD OIL v. Benzyl tuio- 

C-AnniMiDE. 

BENZYL-METHYL-ACETIC ACID v. Piikntl- 

' ISO-BOTYniC ACID. 

j BENZYL-METHYL-ACETO-ACETIC ACID v. 
p. 2.5. 


sx2 



BBjrm.m.niKn.A]im oa»k u 

OfHyCHgNMe,. Di^thyl-hmzyUm^, (184®). 
Erom benzyl chloride and alcoholic dimethyl- 
amine (Schotten, B. 15, 424 ; Jackson a. Wing, 
Am. 9, 78). Oil, miscible with alcohol arvi 
ether. 

B',H,FeCy«.-B',H,ZnCl,. ‘ ‘ 

Meikylo-chloride B'MeCl: white cryslals, 
Bol. Wttt(;r, V. b 1. sol. Nn,CO,Aq. - (TVM«Cl),rtCl,. 

BENZYL-TETKA-METHYL-BENZENE 
C,H,.CJI,.C,lJMo,.[l:2:3:4;6]. [61°J. (c. 310®). 
From benzoyl -iso-durene and fuming HI at 
250® (Easner a. Oossin, Bl. [2] 42, 170 ; A. Ch. 
[GJ 1,510). 

BENZYL-METHYL-CARBINOL 

C,H,.Cli,.Cll(OH).CII,. (215® i. V.). From 
benzyl methyl ketone and sodium-amalgam 
'Errera, ({. 10, 315). 

BENZYL-METHYL-GLYOXIM C,„H.,N.,0,t.c. 
CJI,.CH,.C(NOn).C(NOII).Cna. [18l®j. Formed 
by the action of hydroxylamine hydrochloride 
on isonitroso-benzyl-acetono (Hchramm, B. 10, 
180). Krnall white noodles. Sol. alcohol and 
ether. Sublimable. Weak acid. 

I) i-acctyl. derivative C,oH,o(NOAc).^— 
(80®J, small white crystals (Schramm, B. 16, 
2188). 

BENZYL- METHYL-KETONE CJ1,„0 Le. 
CJIj.CH,.C().Cll 3 Phenyl -acetone. (21,5®). 
S.(l. •' I'OIO. Troduced, together with acetone 
and di-bcnzyl.k(!tono, by distilling calcium 
acetates with calcium phenyl-acetate (Otto, J. 
vr. [2J 1, Ml). Unites with NallSO,. By 
heating with cone. H.SO^ on the water- 
b^ath it is converted into the sulphonic acid 
0,H,(SO,H).CH,^.CO.ClIj; but by heating fprickly 
to a higher temperature it is split up into 
w-toluone-sulphonio acid C,.H,.ClL.SOJI and 
noetic acid (Krekeler, It, 10, 2625). ' 

BENZYL-METHYL-KETONE ft%LPHONIC 
ACID CJ1,(SOjII).CII.mCII,,.C().CH,. Formed 
by the action of fuming sulphuric acid upon 
benzyl methyl ketone in the cold.—PbA', 
(Krekeler, It. ly. 2025). 

BENZYL-METHYL-MALONIC ACID 

i,c, CJI.(ill,.CMr(C().H).. [1,3. 5®J. 
Colourless crystals. Prepared from ‘the ether, 
t n heating it gives CO., and phonyl-iso-butvrio 
noid. 

Di-ethyl. ether A'T.U (300'), H.Q. 

1;061. Prepared by the action of kenzvl chlo- 
ride on sodio-methyl-malonic ether or of inethyU 
mdu ,« on sodio benzyl-nmlonio ether (Conrad a. 
husehotT, It. 13,/, 9^; A. 201. 177). 

JiTU ). irom benzyl chloride and KOMo 
(Cal.ours, C, ii. 80, 1317). 

BpZYL-METHYk-PIPERIDlNE 

CJUN(C,^.)^CiI,). (245®). Colourless fluid. 
M>rmed by dry distillation of the alkaline 
lydrato produced by the action of moist 

• methylo • iodido.- 
(B 1IC1).1 tCl, (Schotten, B, 15, 42.J). 

DI - BENZYL . METHYL - {pseudo) - THIO - 

with methyl iodide 
watM alcohol and ether, iasol. 


JjW io^rlridiiia 

n44dl«ij V. s<d. 

alcohol.-.B'HI: [99®]; octahedra; v.udLwarm 
alcohol, si. sol. hot water.— — 
sparingly soluble four-sided prisms^ 

B. 19, 2348). ' 

(а) -BENZyL- NAPHTHALENE 0.,H„ U 

C, H,.CfU.C,„II,. [59°J. (o. 330®). S.G. 1-166 
H. (alcohol) 3 3 at 78®; S. (ether) 50 at 16® 
From naphthalene, benzyl chloride, and zinc- 
dust (Frot 6 , C. R. 76, 639 ; Miquel, Bl. [2] 26 
2 ). Monoclinic prisms. Dilute HNO, produces 
phenyl (o). naphthyl ketone [ 75 °]. 

Sulphonic acid C„II, 3 SO,n. — KA' aq ; 
needles (from alcohol). 

( б ) -Benzyl-naplithal 0 no fSBoi 

(c. 315®). S.G. 5 1-176. S. (alcohol) 2-25 at 15®. 
bormed, togetner with the preceding, by 
luuiting naphthalene with benzyl chloride and 
Al,Cl„ (Vincent a. Boux, Bl. [ 2 ] 40, 163). Mono- 
dime prisms (from alcohol) ; v. e. sol. benzene 
and chloroform. Nil^rio acid produces phenyl 
( 6 ) -naphthyl ketone [82°]. 

BENZYL.(a)-NAPHTHYLAMINE 
O^IIj.CHj.NH.Ci^Hj, [67°]. From naphthyl- 
amino and benzyl chloride (Frot 6 a. Tommasi. 
Bl. [2J 20, 67). 

BENZYL-NAPHTHYL-KETONE 0,*H,,0 t.«. 

-CH..C.,Hj. [67®]. Tables. Prepared 
by the action of Al.^Cl^ on a mixture of phenyl- 
acetyl chloride and naphthalene. On reduction 
with HI it gives phenyl - naphthyl - ethane 
(Graebe a. Bungener, B. 12, 1078). 

BENZYL . NAPHTHYL - METHANE e. 
PUENYL-NAPHTlIYL-KTirANR. 

BENZyL.(iB)-NAPHTHYL OXIDE 
C,H, CH,.O.C,oH,. [99®]. White plates. Pre- 
pared by the action of benzyl chloride on sodium- 
( 6 )-naphthol (Staodel, B. 14, 899 ; A. 217, 47 ). 

• BENZYL-NARCEXNE V. Narckike. ^ 

BENZYL - NITRATE C,Hj.CH...NO,. Is 
perhaps formed by the action of benzol chloride 
on AgNO, (Brunner, B. 9, 1745). 

BENZYL-NITRO-ARBTJTIN V p. 298. 

BENZYL-NITRO-PHENYL-v. Nitro-piixntl- 

BENZYL-. 

BENZYL-ISO-NITROSO-MALONIC ACID 

From its other. The 
potassium salt on dry-distillation gives KCN, 
potassium carbonate and benzyl alcohol. 

pi- ethyl ether A'^Eto. Prepared by the 
action of benzyl chloride and sodium ethylate 
on iso-nitroso-malonio ether (Conrad a.Bisohofl, 
B, 13, 599). 

BENZYL. NITROSO-MALONYL- UREA c. 

Benzyl ether of VioLunic acid. 

BENZYL - OXALATE i.e. 

[81°]. From benzyl chloride 
and silver oiulate (Bcilstein a. Kulilberg, A.147, 
341K Scales (from alcohol) ; may be distilled. 

BENZYL OXAMATE C,H,NO, 
t.c. NH,.CO.C 03 .CH,Ph. [136®]. Prom 
M£ 3 .CCl 5 .CO,,CH,{Ph and benzyl alcohol (Wal- 
lach a. Uicbmann, B. 13, 607). 

DI-BENZYL OXAMIDE C,.H,.N.O. ml 
C 3 G.pII.cn 3 Ph)j. [216°]. From oxalic ether 
and benzylamine; or by boiling benzylamioe 
cyanide with HCl (Strakosoh, B. 6 , 694). 

(from alcohol). 

®®^ZYL-OXANTHBAKOL v. OzAMTHBavoiL 



- ttitom aKncB, 

litf 2yir>0XT.BB VZOIO lOZD 

MMITL-BINZOIO ACID, 

BXirZTL.OXT-BVTTBIC ACID 

VlllllTL*yALEBIO ACID. 

BENZYL.OXY.MAIONIC ACID v. Benzyl- 

TAJtlBONIO ACID. 

BEHZYL-0XY-8ULPHIDE v. Di-denztl 

SOLPBOXIDE. 

BENZYL - PHENANTHKENE C,,!!,. i.e. 
CHyPh.Cifllg, [ISG'^J. From beniyl chloritlr, 

S henanthreiie (<;.r.) and zinc-dust (Goldschmunlt, 
f. 2, 411). Needles (from benzene). CrO, gives 
benzoic acid and phenauthruquinono. 

o - BENZYL - PHENOL C„H„0 i.e, 
O-Hj.CHj.C^H^.OH [1:4]. Oxy-diqyhmylmethune. 
liol. w. 184. [84 3:}0''). 

Formation. — 1. From phcuoL benzyl chlo- 
ride and zinc-dust (Pateruo, O. 2, 2 ; 3, 121).— 
2, From benzoyl-anisol and III (Paterno, B. 
5| 288; G, 1202). — 3. From PhO.\c and 
CgHj.Oll^Cl alone or with AljCl*, and saponilica- 
tion of the product (Perkin, jun., a. Hodgkinson, 
G. J. 37,722; Kennic, C. J. 41, 228).— 4. By 
heating phenol with benzyl alcohol and ZnCl;, 
(Liebmann, B. 15, 152). — 5. By diazotising p- 
amido-di-phenyl-nu! thane and treating the pro- 
duct with water (Busier, ]i. IG, 2719). 

Properties. — Long needles or plates (from 
alcohol). Sol. KOIIA(| but not NH,A(]. 

Jieactions. — 1. Distilling with l\Oj gives 
benzene, phenol, and anthracene.— 2. By 6ro- 
viination and nitration^ or by nitration and 
bromination it gives the same bromo-nitro- deri- 
vative, when treated with HNO„ in 0.11,0- 
forma C,H;(OH)(NO,).Br [1:2:4:()]. Hence the 
bromo-nitro- derivative CJI,(OH)(C,n.)(NO,)Br 
is either [1:2:1:01 or [l:4:2:Cj. But the oxida- 
tion of C,H,.(jll,.C«!{,O.Me to C,H,CO.C,lI,0,Mo 
[1:4] shows that the arrangement is [l:2:l:('i - 
3. Phosphorus pentachloride forms (C„H,,),PO, 
f94°J. — 4. Ch loro-acetic acid and KOil convert 
benzyl-phenol into CU.,Pli.CJi,.O.CII...COJI, 
[100®J, while CI4CnCl.C0.,H and KOll give 
rize to CIl.^Pli.C.,H,.O.CIlMe.CO.,U [102 J (Maa- 
zara, 0. 11, 437 ; 12, 202). 

Methyl derivative CJl*.CH,.C,H,OMe. 
Bciuyl-anisol. (305^). From anisol, benzyl 
chloride, and zinc. Oxidised by alkaline KMnO, 
it gives the methyl derivative of p-benzoyl- 
phenol. 

Acetyl derivative Ph.CII.C 11..0.\c. 
(316<»-820°). 

Benzoyl derivative rhCH..C.H,.OBz. 

[ 86 °]. 

Sulphonic acid C,H..CJI,(SO,H)(Ofl). 
Salts. — NH,A‘aq: needles. - KA': feathery 
crystals. - BaA'2,—C,,H,gSO,Ba am minute crys- 
tals.— These salt.s arc all sp^^ingly soluble 
(Bennie, C. J. 41, 34; 49,406). They, asp well 
as the free acid, give a violet colo.jr with Fe..CL. 

«.BENZYL-DiPHENYL C,.H„ U. 
O.H*.CH,.C,H,.C,H,. [85^j. (286^1 at 100 mm. By 
heating benzyl chloride and diphenyl with zinc 
dust at 100° two benzyl-diphenyls are produced 
together with traces of anthracene. The p- 
hydrooarbon is less soluble and solidifies more 
easily than its isomeride (Ooldschmiedt, M. 

2, 438). Leaflets or needles, m. sol. alcohol, v. 

; ibL benzene and ether. CrO, ozidisee it, to 


0 -Bcaijl-diphciiyl (?). [54®]. (c. 285®) at 
110 mm. Prepared as above. Monoolinic 
needles. CrO, oxidises it completely. 

Di-beniyl-dipheayl 0,Jl,(Cll.Ph),. [118®]. 
From dt-benzoyl -diphenyl and HI at 170° (Wolf, 

B. 14, 2032). J.amini« (from alcohol). 
BENZYL-PHENYL- r. Phenyl-bkn/.yl-. 
BENZYL-DIPHENYL-AMINE r. Ih-i nKNYL- 

DESZVL-A.MINK. 

«-Dl. BENZYL -P - PHEN YLENE - DIAMINE 

C^iId^«HJ.N(CH.»C-,.HJj [l:4j. Amuhudi-bcneyU 
; aniline. [90 ’J. Oblained by iidiietion of p- 
, nitro-di-benzyl-aniline with tin and HCl, Cilistcn- 
! ing colourless needles. V. sol. etluT and hot 
[ alcoliol, si. sol. cold alcohol. With Ftj.^Cl„ it 
; gives a deep-red colouration, with Ftv.C'l^ and 
. IDS a blue insoluble pp. By cono. HCl at 170® 

\ it is Completely resolved into benzyl chloride 
I and p-phenyleiie-diamino. 

I Bemaldehyde compound 
I C.,H,.CJltOH).NH.C,lI,.N{CH,.C,H,),. [130°] 
Microcrystalline yellow pp. V. sol. benzene, si. 
Sol.etljer.insol. alcohol (.Matziitlaira,7>'. 20, 1614). 
BENZYL-PHOSPHINE i.e. 

C, .lIvCIl,.I*Jl.. (180°). From benzyl chloride, 
Pi 1,1, and i^nO (Hofmann, B. 5, 100). Oil, 
volutilo with steam. - B'JII : decomposed by 
water into its components. 

Bonzyl-triethyl-phosphonium chloride 
I PI'U3(C]IJ'h)CI. From )>enzylid<<ne chloride, 
tri-ethyl-phosphine and alcohol (Hofmann, A, 

\ Snppl. 1, 323). 

I Di.benzyl-phoiphine (CH.Ph),rH. [205®]. 

I Prepared together with the precedijig, and sepa- 
; rated by Bteum-distillation, not being \t>l,ilile. 
j Oroups of needles (from alcohol) ; insol. acids. 

I Tri -benzyl-phosphine P(CH.Ph),. Appears 

i to bo formed as a by-product in tlie action of 
! benzyl chl».i<ie on PNhj (Letts a. Collie, Tr. E. 30, 

I 181). Splits up on distillation into phosphorus, 
5-di-]ihenyl-cllj\lone, dibenzyl, and toluene. 

I Tri-bonzyl-phespUino oxide ((’H.J*h)j,PO. 

i [213"). Formed by heating PH, I with henzylid- 
, eins cliloriile at 130" and boiling the product with 
I alcoliol (P'leissiHfr, /L 13, 1665). Formed also by 
! tlie action of cone. Ba(OJI),on tetra-benzyl-phos- 
idionium acid sulphate ; a weak solution of 
baryta giving P(C,H,),01I (Letts a. Collie, Tr. E. 

! 30, 181). Needles; insoJ. water, sol. alcohol and 
! ctlier, (O' H„PC)JIgCL. (C.„lJ,,I>0),Fe,Cl,. 

(C„H,,YOj,CoCl.,. - tC„Il,PO),PdCl.,. — 
i (C„II„PU),PtCl,. - (C„H,,PO),ZnI,. - 

j (C,,IL,PO),Br,.- (C,,H„PO),S. 

I Tri-btnzyl-phoiphine sulplido (CHJ»h),PS. 

, [206°j. Oblained bydistilling the acid sulphate 
: of tetra-l>enzyl-phoHj)hanium (Letts a. Collie). 

9 Long thin needles, m. sol. alcohol. 

Tetra-benzyl-phosph«iiiun hydroxide 
lI,),Oil. [over 200®]. Obta’ned by adding 
BaC <L to the sulphate. IUiornt)ohe<lrai platei; ■ 
v. nol. water and alcohol ; alkaline to litmuf. , 
Decomposed by heat into P(C,H,),0 and toluene. ; 
Tetra-benzyl-phosphoninm salts. i 

Chloride P(CH..Ph),Cl. [224®]. From 
I benzyl chloride and PNa,(L. a. C.). Crystallises 
; from water with 2aq, and from chloroform with 
i CHCI,. Split up by heat into tri benzyl-pboi- 
' phine, s-di-phenyl-ethylene, and HCl. 

1 Platinochloride {P(CH,Ph)4Cl|^tCl,. " 



m 




8ulphah9. — {P( 0 ,H,) 4 },S 04 j |?30«3. — 

?(C,H,)4S04H: [217^. 

Oxalate ?IC,UM0^'- needlofl. ^ 
BENZYL-ISO-PHTHAIIO ACID C,jH„04 t.e. 

0,H..On,.OJl3(CO,H),. [243'>J. From benpxl- 
Iso-plithttlio acid by reduction witli sodium- 
nmalKHiri (Zinckc, B. 9, 17G5). Crystalline 
j)owd(!r, V. h 1. fiol. water. 13aA".~CaA"a(i.^ 
Benzyl'terephthalio acid 
CJI,.CIIa.C,Hj(C03FI),.. Obtained by reduction 
ot benzoyl-terephthalio acid (Weber, J. 1878, 
403). BaA". 

BENZYL-PHTHALIMIDIKE 0,JI.,0N i.e, 

.CH-C14C,Mi 

O.H,<^^o)>Nn • ColoutlosB 

plates or HoaleB. Formed by reduction of benzyl- 
idene-phthal-irnidine by means of III. 

Nitrosamine CJl4<f \N(N0) 

\C()/ 

[93®] ; yellow cryetabs, easily soluble in benzene, 
iitjroin, and obloroform (dabriol, B. 18, 1202). 
BENZYL-PHTHALIMIDE 


C,.H,:C30.:N.CfI.^.C„I 1^ I'hthalyl-bemylamine. 
flKJ ']. Long noodles. Obtained by heating 
potassium phtiialimide with benzyl chloride at 
170’-IH|)\ IICI at 200’ splits itupintophthalio 
acid and bonzylarniue (Gabriel, B. 20, 2227). 

BENZYL-PIPERIDINE 0,H„N(C, II,). (243®). 
Colourless liquid. Insol. w'ator. Prepared by 
the acstion of benzyl chloride on piperidine. — 
(B'lICl) .PtCIi : sparingly soluble pp. 

MethylO’iodide 13'MeI. [145®]. Thick 
prisms. Bv moist Ag.O it gives an alkaline 
liydrato winch on dry-distillation yields methyl- 
benzyl -i)ipt‘ridino (Schotton, 71. 16, 423). 
BENZYL PROPIONATE C,«II,A ^ 


Mftlei (from aloobol). WiUi Mol H 
(0H^h)SMe,I, [65^] from whioh my be ob- 
tained I (CHjFhjSMe^Cl 1^1014* Cono. HNOg 
forms toiuene-exo-selinic acid, 0-H.. CH-SeO-H. 

BENZYL SELENO-CYAKIDE C4H,NSe t.«. 
CaHj.Cil,.SeCy. [72®J. From benzyl chloride 
and potassium selenocyanide (Jackson, 3.8,321). 
Prismatic needles with repulsive odour; insol* 
water, v. sol. hot alcohol. HNO, forms 
CJI,(NO,).CH,.SeCy [123®]. 

BENZYL - SELEN ■ UREA C.n.oN.^Se i.«. 
NII,.CSe.NH.CII,Ph. [70®]. From benzylamine 
hydrochloride and alcoholic potassium seleno- 
cyanide (Spica, 0. 7, 90). Sol. water, alcohol, 
and ether, gradually depositing So. Cono. HCl 
forms benzylamine, Se, and HON. 

M-di-benzyl-seleno-urea NA.CSc.N(CHjPh).^. 
[1 .60®]. From dibonzylamine hydroclilorido and 
K.SoCy. Thin prisms or needles ; v. sol. hot 
water, alcohol, and ether. Cone. JICI forms So, 
CNH, and diben/.ylamino. 

TETRA-B KNZ YL-SILIC ANE C„H,,Si i.e. 
Si(CIIjPh),. Silicon‘t''tra-bemfjl. [128®]. (above 
560'®). S.O. ^ 1‘078. Formed by the action of 
sodium upon a mixture of benzyl chloride and 
I SiCI„ with addition of a little acotio ether 
(Polis, B. 18, 1543; 19, 1023). Largo mono- 
symmetrical prisms, sol. ether, benzene, and 
chloroform, si. sol. alcohol. May bo distilled. 

BENZYL SULPHIDE C,«H„S i.e. (CU,Ph),S. 
[60®]. From benzyl chloride and alcoholic 
K.S (Miirckor, A. 136, 88). Thick trimetrio 
tablets (from ether), a:6:c « *813:1: '615 (Forst, 
A. 178, 370; Bodowig). On distillation it gives 
; s-di-phenyl-ethyleno and its sulphide (Barbicr, 
C. Jt. 78, 1772), toluene, benzyl mercaptan, 
s-di-phonyl-acetylcne sulphide SC.^Pha, and 
thioncssal C.^.,HmS. Mel forms SMe^I, benzyl 


0*H,.01l,,O,CO.Cir,.ClI,. (220 ). S.a.J5:^,l*03C0. ' 
Oocomposud by Na into .sodium prgmonate and 
benzyl phenyl -butyrate (Conrad a. llodgkinson, 
A. 193, 320). I 

- BENZYL . PYRROL C,Tl,:N.C,IL. (247® j 
unoorr.). Colourless crystalline solid. Melts i 
wIm'u touahed witli the hand. V. sol. alcohol : 
and ether, nearly insol. wat('r (Ciamician a. 
Sillier, ll 20, 1369). 

BENZYL PYRRYLENE DI- METHYL. DI- 
KETONE 0JL(CO.(:ir,),NC,iI.. v-Beyizyl.di- 
acetyl-pi/rrol. [130®]. i’ormt'd hy heating v- 
benzyl pyrrol with Ac.O 210®. Colourless 
plates. Sol. ether and benzene, si'. sol. water, 
nearly insol. petroleum-ether (Ciamician a. Sil- 
her, B. 20, 1370). 

BENZYL QUTOLINIUM HYDROXIDE v, 

Bcn::ylo-hydroxide of QuiH.)LrNi£. 

BENZYL-ROSANILINES. Prom rosaniline 
and benzyl chloride (Dahl, D. P. J. 263, 393) ; v, 
HosANiiaxK. #■ 

^fethylododide. From rosaniline, Mel and 
MoOU (Hofmann, B. 6, 263). 

BENZYL 8ELENIDE (C.II,.Cn,),Se. [46®]. 
From benzyl chloride and P,So, (C. L. Jackson, 
A. 179, 1). Long needles or prisma (from alco- 
hol) ; faint odour, inaol. water, v. sol. alcohol 
and ether. UNO, forms ' selcnobenzy I nitrate ’ 
188'^]. !(C,H,)>},PtCl*. 

Benzyl disolenide {OH,Ph),Se,. [90®]. 
Formed by boiling Na^So^, benzyl chloride, and 
alcohol for some hours (J.). Unotuous yellow 


lodido and (CllJ*h)SMo,I ; the latter gives rise 
to the compound {(CH.Ph)SMe^Cl}jPtCl,. 
IXhyl iodide at 100® forms similarly (C,ll;)SEt J 
whence |(C,H.)SEt2Cl|,PtCl, (SohOller, B. 7, 
1274; cf. Cahours, A. Ch. [6] 10, 21). 

DI-BENZYL DI- SULPHIDE (CA-OHJjSj. 
Sulphobcmol. [70®]. 

Formation. —1. By the action of an alcoholio 
solution of RHS or K^S on bcuzylidene di- 
ohlorido. — 2. By the action of alcoholic KIIS on 
(a)-thiobonzoic aldehyde (Klinger, B. 15, 861). — 
k By the oxidation of benzyl mercaptan by air 
or bromine (Miiroker, A. 140, 86).-^. By the 
action of K A benzyl chloride in alcohol (M.). 

Properties. — White plates. Gives a crystal- 
line pp. (Cj^HjiS^AgNO,) with an alcoholio 
solution of AgNOv 

BENZYL-SULPHINIG ACID v. Toluene bxo- 

SULPHINIO AOin. 

BENZYL 8ULPH0CYANIDE 
C„II,-CU,.S.QN. [41°] (B.); [38®] (H.); (o.283®) 
(B.); (266®) ^U.). From benzyl chloride and 
alo(foolio potassium sulphoojanide (Henry, B. 
2, 0361 Barbaglia, B. 6, 689). Prisms (from 
alcohol), insol. water; pungent smell. Com- 
bines with HBr, forming a compound decom- 
posed by water. Fuming nitric acid forma 
0,HJNO..).CIL.S.Cy. 

DI-BENZYL-SULPHONB C„H„SO, U 
(CH,Ph),SO,. [150®]. 

Ponnaf ion.— 1. Together with OaH^.CH^SOtK 
by the action d E,SO, on benzyl ohloride 
(Vogt a. Henniuger, A. 166, 376)*— 8. By OlidA- 



iSiSZWi jJOPLTt ffirtONB. 


otjn^^l inl|d>(aid« witk KMnO, and 

HOAo (Otto a. Lfidsn, B. 18, 1884) 8. Bjr tha 

ad^n of bona^l chloride on icdinm benzene-sul' 


mZTL-tHYMOL 0,3.6 ta. 

C33oPr(CH,Ph)(Oip. J8J5®) at 


rod colour on 

Acetyl derivative C,,II„AcO. at 


^noiDenayichlorWeoa B^ di.benayNtbymol In 

n sulphnlo. ’ hejth.g benzyl chloride with tl.ymol Li .i<^ 

1 (Mazzara. 0. 11, aiC). Oil, insol. aaueooa 

•loohol, benzene, and acetic acid. IJy oxidising alkalis, sol. alcohol and ether. Fo Cl lives a 

Ments It IS readily oxidised to benzoic and sul- ‘ - '■ ‘ ^ * 

phuric acids (Otto, B. Id. 1-277). 

BENZYL.SULPHONIC ACID r. TuLcr.M:- 8rtini. 

^jjo-suLriii >sio .veil). Di'benzvl ' thviuol f IT O »/? 

DIBENZYL -SULPHOKIC ACID v. Pi- (llJ.Mei*r(('JU*h)..011. Frc]. .rod as above 
DrSENzTl SuipHOxinE r n -.rt • ' lamina., ■sol/ether end HOAe, ,ns„l. wau.; 

and oold^lINOj I'd) (Marckcr, .4. 130, bD ; | Acetyl derivative C..,ir... AcO. 

Methyl derivative C.,li.jMt‘0. [‘MV’]. 


Otto a. Ludwig, U. 13, 1284). Lumime (from 
water or alcohol). 

BENZYL-SULPHUROUS ACID r. Tt)Lui:sK 

SULPHONtC A(?ll>. 

BENZYL-TARTRONIC ACID C,JI,„0, i.c. 
CJI..C1L.C(011):(C0JI) „ [143^]. Formeti simul- 
taneously with cinnamic acid by tlio action 
of KOXI on beiizyl-cMoro-malonic ctlier. On 
heating it forms iS-phenyl-a-oxy-jiropionio acid 
(phenyl-lactic acid [US'"!) (Conrad, B. 13,2100: 
A. 200, 2 Id). 

BENZYL-TEREPHTHALIC ACID a. Benzyl- 

PlITHAMC ACID. 

BENZYL-THtO CARBAMIDINE 

t.e. NU;C(NIIdS.Cll.d‘Ji. Cyyvunni 
mercayUiH. [72’). From benzyl chloride and 
tliio-urca (IJcrntlison a. Klinger, B. 12, .070). 
Slender nectllos, m. sol. water; decomposed by 
heat into benzyl mercaptan ami di-oyan-di> 
amide. B'HCI. [108-’].— B'JLPtCL. 

BENZYL - THIO - CARBIMIDE 
C„Hi.ClI..N:CS. Benzyl mustard oil. (243®). 
Benzylamine is dissolvt'd in CS., and the pro- 
duct boiled witli alctdiol and IfgCL (Ilofinaim 
if. [2] 4, 000; B. 1, 201). Oil, smellini 
w&tcr*cros?^, 

BENZYL-THIO OLYCOLLIC ACID v. Tuio- 

OLYCnLMC ACID. 

BENZYL-THIO-UREA CJI.„N,,S i.e. 
(CHjPli)NII.CS.NlL. [lOFJ. P’rom potassium 
sulphocyaiiide and benzylamine hydrochloride 
(Paterno a. Spica, Q. 0, :i88 ; B, 0, 81). tSoI. 
water and alcohol. 


Benzoyl t/criraf itm C.,H’.,ljzO. [c. 78'’l 
BENZYL - TOLUENE r. Pm-NYL - iolyl- 

Mhl'tlANK. 

DI-BENZYL-TOLUENE C,,!!,. i.e. 
CH,.CJl5(Cll..Ph).^. (c. 304'’). Aprotluct of the 
action of benzyl chloride on tDluene in pre.senco 
of zinc-dust (Weber a. Zincke, B. 7, lldl). 

BENZYL-;, -T0LUlDINEPhCH,.N11.0,. 11, Me. 
(313‘^’). From beiizylideno-i, tuluidino (Kohler. 
A. 241, 3 

Di-benzyl-p-toluidine C2,II.;,N i.e. 
r Tt V < i (Fh.CIl .).^N.O,.ll,Me. From benzyl chlo- 

ridound 7’-lolnidinc(t'anni/.zaro,.4. 4,80). 
dc benzyl-^ , , Slender needles, m. sol. cold alcohol. Weak base. 

BENZYL-TOLYL- r. Tolyl-henzyl.. 

BENZYL - TOLYL - METHANE v. PnicRYi. 

Tor.YL r/niANK. 

BENZYL-TOLYL OXIDE r. Benzyl aLcoiiou 
BENZYL-UREA C,IT„N,0 i.e. 
NIL.CO.NlI.CIl.,Ph. [147®]. Formed, togfdber 
with <li-bonzyl-uiea, by heating benzyl chloride 
with potassiuTii cyanate in alcoholio solution* 
like : (Cannizzan,, <}. 2,41). Also from benzyl cyanate 
! and ale#! olio Kll, (Ledts, C. J. 25, 448) or fron* 
bonzylamino chloride and polaHsiuin cyanate 
(Paterno a. .Sjdca, d. 5, 388; B. 2, 81). Long 
needles (from aleobAl) ; m. sol. water. At 200® 
it spiit.s up into NII^ anti .s-di ben/.yl-urea. 
s pi- benzyl-urea (Cil ,Ph.Nil)./;0. [107°]. 
Formation. — 1. From benzyl chloride and 


; K.NCO or urea.— 2. P’rom benzyl urea by heat- 
CjH^NH.CS.NIlIlz. ing. 3. By heating benzyl alcohol with urea 


Benzoyl derivative yjjju.yVtn.Kjn.L'tiiiy/.. ing. .j. jjy jicaiing Donzyl aJcoliol with urea 
[145"]. From benzoyl sulphocyunideand benzyl- nitrate (Campisi a. Amato, O. 1, 30 ; B. 4, 412). 
amine (.Mi«|iiel, A, Ch. [5] IJ, 313). ; 4. From s di-benzyl thio urea, llgO, and alco- 

s .Di - benzyl - thio - urea (Ph.CiI,.NII) .CS. hoi (Str.ikosch, Jl. 5, 022). 

[114®]. From alcoholic benzylamine and ^ - Needles, insol. water, v. ggl. 

(Strakosch, B. 5, G‘J2). I’oiir sided plates, insol. alc<,hoI. Weak base. 

water, sol. alcohol and ether. Converted by u Di-benzyl urea (ClJJ’b)jN.CO.NJlj. [125®], 
HgO into di-ben/,yl-urea. Alkyl iodides give the ; P'rom di benzyl-amine iiy-drvchlorido and KNCO 


following derivatives : 

PhCH...NH.CS..NMe.CH,l*h.-. 
(C,H,.NH.CS.NMeC,H,) .H,Pt(:i,. - 
CrH,NH.CS.NMeC,H.li [22 >- 
PhCH,.Nn.CS.NP:t.CH,Ph.— • 
(C,H,NH.CS.NEtC;iI,),U,Pta,— 
C,H,NH.C8.NKtC,H3I [23®].- 
C,ll-NH.C8.NEtC.H,H,SO,.— 

PhCll, NRCS-NlVcH^Ph.- 
PhCH,.NH.CS.N(C4H„).CH,Fb (Boiiimru.s, B. 
19, 2348). 

u-Di -beniyl -thio- urea (PhCHJ,N.CS.NHj. 
[157®]. P'rom potassium sulphocyanido and 
dibenzylamine hydrochloride (P.a. S.). Largo 
needles, m. sol. water. 


(Pah rno a. Spic#, G. 5, 388 ; B. 2, 81). Thick 
prisms ; si. sol. cold water. 

BENZYL- URETHANE v. Bkkzyl-caiibaiiio 

ACID. # 

BENZYL-rn-XYLENE C„If„ i.e. 
0,HvCH,,.C,H,MCg. Phenyl . xylyl . methane 
(22(>’ i. V.). P’rom wx-xylenc, benzyl chloride* 
and zinc-dust or Cu (Zincke, B. 6, 722 ; 9, 1701)1 
Oxidation gives benzoyl-iso-phthalic acid. Ap> 
pears also to be formed by reducing phenyl xyM 
ketone with HI (Sdllscher, B. 15, 1082). 

Bensyl-p-xylene. (296°). From 2>•xyleIl•^ 
benzyl chloride and zinc-dust (Z.). 

BENZYL XYLYL KETONE 
C.n,.CH,.CO.C.H3(CII,)^ [1:2:4]. DxmefAyi. 





^Itojeybtnicfk^ (*bov« tA^t Ifloid. if0nM 
feijr toe AciloQ pf Al^ on nmixtoni of m^x/leno 


B'CjH^Og Joq,— B'04H,(Sb0)0^ (Stenhoose, iv, 
12. 401). — B'*H_nr rt p’n nr /hja \ act . 


V/ VMW ivwvwu \p% VJi •liAMViuv V* rrr*A^«QMV 

m phanTl-oootjl-oMoride. On oxidation it gives 
di-methyl-beuzoio acid (SOlUoher, B. 15, 1681). _ _ 

BSBBAKIHE C.JI.AN. Occurs ! 12, 401). — B',H,Cr,0,. B^O,EL(N()jrdH.— 

in the root of lierbf^ris vulgaris, to;^'ethor with'j B'H^SOi. — B'HNOj. — B'jK.S,0,Ag^,0,, 
berberino, oxy-acanthino, ariil at loast one other : Mcthylo-iodide B HoI: needles (Bern* 
alkaloid. iSmall platoH, containing 2aq. BaHily beinier, G. 13,316). 

iodide B'Etl: needles. 


alkaloid. .Siimll platoH, containing 2aq. EaHily 
sol. other. The hydrochloride forms siirbll 
plates, the nilmto needles. --B'i(II^Cl,jrtCl 4 6 or 
6a^i: yellow crystalline pp., si. sol. cold water 
(Hesse, n. 10, 31031. 


if ^ t akV\^U-lC9« J- 

Hydroborberiao 0^,11,, NO,. Obtained by re* 
ducing berborine in acid solution with zino 
(lllasiwetz a. Gilra, A. Suppl 2, 191). Granuloi 


BERBEEIC ACID C,H,0,nq. An acid formed alcohol), lleconvertod into 

fusing borberiijo with KOII (lilasiwet/ a. i by HNO,. 


by fusing borberiuo with KOII (lilasiwet/ a. 
Gilra, J. IHOI, 407). Noodles; v. sol. alcohol 
and ether, m. sol. water. b’e^Cl,, gives a green 
colour turned rod by ammonium tartrate. Uc- 
dutes hot Fohling’s solution and silver solutioii. 

DEBBERINE C_,„II,,NO,4jaq. [120'‘J. 

S. 22 at 21-’. H. (alcohol) 1 at 15 \ Occurs in 
the root of the barberry, liarbaria vulgaris, to- 
gether with oxy-acanthine (7. v.), berbainino 
and another alkaloid (Buchner, A. 21, 228; 
Hesse, IS. 19, 3HM)). Occurs also in Colombo- 
root (Corrulus palmnltts) (Fleitmann, A. 59, 
100; Bodeker, A. iU\, 3HI; <>9, 40); in ilfeni- 
.5i)jmHaw fen, 'stratum (Perrins, 0. J. 15, 339) ; 
in Ahnocouta luirk from (hvlurline pobu'arpa 
(Mtonhousc. I’h. 11, 455; C’. J. 20, IH7 ; Hariiel, 
A. 105, 3<’tO) ; in I/cmlici thalietro'ules (.Mayer, 
J. rh. [3], 40, 490); in Xanthoj-ylon clana 
llerculis (Clu vallier a. Pelletan, Uerz. J.l, 200; 
Perrins, A. Suppl. 2, 171); in bark of Geojfrouca 
i^rwu'v((inHfel),./. IHOO, IHO); iixGoplis 'trifoUa 
(Gross, t/. 1871, 914) ; a»id in the root of Evodia 
ijUiuca (Marlin, Vh. (3) 13, 337). 

PreiHiratton,—\. Tho finely powdered root of 
liydraslis canadensis is extracted with alcohol; 

is added to tho cooled extract, and tho 
pp. decomposed by Nil,. The opemtion is 
repeated u second time (Lloyd, Ph. [.frlO, 125 ; 
c/. Mcrril, Am.J. Phnrm. 35, 97; rrocter, C.N. 
9, 112). 2. Barberry root is exhausted with 
boiling water; the extract evaporate.l, and 
treated with 92 p.e. alcohol. The hcrix'rino is 
purified hy crystallisation from water or alcohol 
(Buchner). 

I , ycilow’ noodles ; tastc.s 
bitter; si. sol. cold water and alcohol, insol. 
ether. Turned brown by ammonia. On inhling 
uidine in potassium iodide to a solution of ber- 
berino hydrochloride the permdide ig ppd. It 
crystallises from alcohol in red needles, but on 
adding water, green plates separate. 

bear t tons. /inc and dilute acids form 
hydro-berberine. 2. produces two 

acids, C\1 1,1) „ and 0,11,0^ (lilasiwet/ a. Gilm, 

J. 1HI54, 49h). - 3. Xiiric acid oxidises it to 
borberonie aeid. • 4. KMnO, in presence of KIIO 
forms hemij.ie aeid. [If./ ] ^E. Schmidt a. Schil- 
bach, Ar, Vh. [3’ 25. 194). 

Salts.-- (I'leitmann, ..4. 69, IfiO; Henry, ^4, 
llo, 1,12; Perrins, (J. J. ir>, 339; lilasiwet/, 
A. Sunpl. 2. 191). - BTICI: slender yellow 
needles. B llCl laq. — B'llCl2aq, S.O. ‘?:i 

~BIing(..l, (Hinterbcrger, A, 82, 314).— 

^ ‘'^"'‘>bo«la, J. 1852, 559). 

' *■!■ ** needles. S.G. y 1'758 (C.j. 

HAut. ; maroon - coloured needles. — 


Salts.-B'HCI. - B'.JLPtCl„. - B'.,Hm. 

[ Mcthylo-iodidc B'M.jI: trimotrio crystals, 

:6:c — 1‘033 : 1 : 1‘789. --B'MeOII (Bernhoiraer. 
a. 13, 342). 

E Ihylododide B'Etl: prisms. 

BEEBERONIC ACID v. PvitiDiNB-TRi-cAB- 

IIOXYLIO ACID. 

BERGAMOT, OIL OF. An aromatic essential 
oil expressed from the rind of an orange. Citrus 
berganiia. Its S.G. is ‘S?. It contains a stear- 
opteno, a terpone, and a terpene hydrate (?). 
By rectification a lupiid (183'^) may bo got, 
which absorbs HCl (.Soubeiran a. Capitaine, 
«/. Ph. 21), Os, 509). Tho stearopteno {Berg- 
aptene) is depositeil after long keeping. It is 
solid, [2()0’j, but volatilises without decomposi- 
tion. It may be (0,11,0 )x (Mulder, A. 31, 70; 
Ohme, .4. 31, 310). ■ ' 

BtROENlTE CJI.Aaq. [130®]. S.O. 1*5 
[aj„ .- --51^30', Obtained from Siberian saxi- 
frage (Bergenia siberica) by extracting with hot 
water, ppg.the tannins with load acetate, andeva- 
poraling to crystallisation (Morelli, C. R, 93, 
010). Trimetrie pri.sms. Tastes bitter. V. si. 
sol. cold alcoliol and water. 

Acetyl derivative C„IIa AcOj : amorphous, 
V. sol. water, aleohol, and ether. 

Tri-acetyl derivative CsII,Ao,Oj. 

Penta-acetyl derivative CJIjAc.O,, 

BERLIN BLUE® Prussian Blue v. Ferro- 
cyanide of iron under Cyanides. 

BERONIC ACID v. Pyridine Di-CAnooxYLio 

ACID. 

BERYLLIUM. Be. (Qlucinum.) At. w. 

9 08. Mol. w. unknown. S.G. n,"® (after com- 
pression) 1*85 (liumpidgo, Pr."39, 1). S.H. 
ilOO^") -4702 ; (200") -540; (400®) *0172; (600") 
•0200(llumpidge, iV. 39, 1). S.H. (20®) '397; 
(7,4®) '418; (157®) *519; (257®) *581 (Moyer’s 
calculation, B. 13, 1780, from data of Nilson and 
Pettersson who worked with met,al containing 
about 95 p.o. Be; B. 13, ll.)l). «.V.S. 4'92. 
prystalliscs in hexagonal, holohedral, forms : 
a:c - 1:1'.5801 (l^^bgger a. Flink, B. 17, 819). 

Oci^irrence. On\y in combination ; in b&ryl 
(3l3oO.Al.^()j.()SiOJ and some other silicates, 
also in chrysoberyl AljO,.BeO. Beryllium 
oxide was recognised as a distinct body in 1797 
by Vauquohn, the metal was obtained by Wohler 
in 1827, but approximately pure beryllium was 
not prepared until 1885, in which year Hum- 
pidge obtained specimens containing d9'2 p.o. 
Bo. 1 Fe, and -7 BeO. ^ 

Preparation.-~\\mQr (P. 13, 577) obtained 
an impure metal by tho action of K oa fused 





69, 781) oMsil 

•pMltttfns bj OBiiig Na and a ipa^ tom, of 
a|)|^tfatii4* Kiiaon a. Pettonson, bv deoompo> 
aiiig Be^ b7 Na in closed iron omolbles heated 
in a wind -furnace (B. 11, 381), and sifting 
the petals through Pt gauze (B. 13, 1455), 
obtained specimons containing 94*4 p.c. Be 
(BeO = 4*89, Fe - *70). Humpidge ( Pr. 38, 1^8 ; 
39, 1) purified lieO by solution in (NHJ.COjAq 
and decomposing the solution by steam; he 
mixed the BeO thus obtained with pure charcoal 
and starch paste and heated in Cl in a glazed 
porcelain tube ; the BeCl, thus obtained was 
placed in an iron boat, and this in an iron tube 
surrounded by another tube of hard glass; 
another iron boat contained Na ; the Na was 
heated in a stream of H, and the BeCI.^ was 
then vaporised (in H) over the molten Na, The 
crystals of Be were washed in dilute NaOUAq, 
to remove BeO, then in water, and dried. 

Properties. Steel-coloured, hard, hexagonal, 
holohedral (llnigger a. Flink, B. 17, 849) crys- 
tals. Unehangeri in , ordinary air; scarcely ; 
changed by healing in air. Scarcely acted on 
by 0 or S at red lieat, but burns in Cl to BeCL ■ 
(Nilson a. IVttorsson, B. 11, 381). Burns in , 
0-U flame (llumpidgo, T. 174, 001). Dissolves i 
slowly in acids, also in aipieous alkalis, with j 
evolution of U. Many of the properties ascribed i 
to Bo by Wohler (B. 13, 577), an.l Debray {A. , 
Ch. [3] 41, 5), were the results of experiments 
with very impure material. Kmission-spectrrm 1 
characterised by the linos 3320*5, 20 19*4, 2 193*2, 
and 2177*7, of which 3320*5 is the most promi- ' 
nent (Hartley, C. J. 43, 310). The atomic 
weiglit of Bo has been determined (i) by ' 
analyses, and determinations of V.D., of BeCL, ! 
and Bellr.^; (ii) by determinations of H.H. of j 
Be; fiii) by analyses of variou.s compounds, j 
especially recently of the pure oryatallised sul- j 
piiato by Nils-ju a. Pettersson (B. 13, 1*51) j 
[for older analyses v, Berzelius, P. 8, 187 ; j 
Awdejew, P. 50, 101 ; Klatzo, J.pr. 100, 227J ; ' 
(iv) by the application of the periodic law. j 
There has been much investigatioii and dis- i 
cession concerning the value to bo given to the | 
aiomio weight of Bo ; some chemists insisted , 
that 13*05 is the true value, and that tho oxide ' 
is BcjOj, Tho determinations of tho V.l). of j 
BeCl, and BcBr^, tho careful measurement of { 
the S.H. of almost j)ure Be, and the considcra- | 
tion of the physical and chemical relations of • 
Be and its compounds to other elements carried* 
out on tho line.s suggested by tho periodic law, 
have finally established the value 9 08 9*1 for i 
the atomic weight of Be. The S.H. of Bo in- ^ 
creases rather rapidly as the temperature j 
increases, and approachesLacornstant value, equal ; 
to about ‘02, between 400'’ and 500 ‘ (Humj ! 
pidgo, Pr. 39, 1). The relation iKJtween S.H. J 
and temperature is expressed bv the oirtf>iricaI , 
formula K, - *3756 i -OOlOOf - -OOt'^KH Wf ’ (Hum- j 
pidge, Pr. 38, 188). The product of S.H. into j 
At. w. (*02 X 9*1 ^5*04) is lower than the mean ‘ 
value of this quantity for the solid dements, ; 
but is nearly the same as that obtained for B, : 
0, and Si. The atom of Be is divalent in ihe : 
gaseous molecules BeCl, and BcBr,; these are ! 
the only compounds of Be at present known in | 
the gaseous state. A comparison of the spec- j 
ot Be with those of In and A1 on the one 


IdniitoiM % Oii Ba. Sr.bit the ether, sheiii 
that Be ii rather, te be elassed with the lattei 
than with the former elements; the value 6*1 
for the atomic weight of Be is thus confirmed 
lv» Hartley, C. N. 48, 196). Beryllium is a 
markedly positive, or metallic, element ; it does 
not exhibit allotropy. It is chemically related tc 
Mg, Ca, Hr, and Ba, in much tho same way that Li 
is related to Na, K, Ca, and Itb. BeO resembles 
MgO, but is distinctly less basic.; c.g. it dis- 
solves in KOHAq,and does not combine directly 
I with H,0; compare also [BeO H*, H’^SO'Aq] ■- 
! Hi ,096. with [MgOdl-, H SO*Aq]- 31,216. 

I .\nalogie3 also exist between Be and A1 ; e.g. 
tho existence of many basic salts *, Be, however, 
does not form an alum; BeClj does not com- 
bine with NaCl and KCl ns ALCl^ does. In 
; dilute acid solutions Bo is electronegative to Mg 
i but positive to Al; in caustic alkali solutions 
I the electrochemical order is + Al, Mg, Bo- 
(flumpidgo, Tr. 174, 601). Bo forms only one 
scrie.s of compounds, BoCL, BeSl ),, Bf!2NO„ Ac.; 
it exhibits a marked tendency to form basic 
salts, BeS0,.Be0.3H,0, BoC0..3Bo0.5H,0, 
Ac. Braunor (B. 14, 53) sums up the ohemical 
relations of Be in the tlinju statements 
(1) Li:Bo aBe:B. (2) Li:Na«Be:Mg«B:Al. 
(3) Li:Mg *Be:AI«* B:Hi. Tho chemical rela- 
tions of Be will 1)0 more fully di.scussed in the 
art. Mao.nk.su'm MKrAi.s; v. also tlio remarks on 
Group II. in art. CLAasiPiCATioN. TJio following 
are tho principal papers bearing on the At. w, 
of Be: Ueynolds, P. M. [5] 3, 38 ; ibid. Pr. 86, 
218; Humpidge, Fr. 35, 358 ; 38,188; 89,1; 
Hartley, C. J. 43, 316 ; ibid. Pr, .36. 102 ; Car* 
nelley, Pr. 29, 190 ; ibul. B. 17, 1357 ; Brauner, 
n. 11, 872; 11, 53; Meyer, B. 11, 577; 13, 1780; 
Nilson a. Pettersson, D. 11, 381, 906; 13, 1461, 
2035 ; 17, 987. 

Jteactions.--ks most of the reactions said to 
characte#i o Bo have been obtained by export* 
menling with material far from pure, the 
following statciiionts must bo accepted as pro- 
visional only. — 1. Hydrochloric acid, whether 
gaseous or aqueous, reacts readily to produce 
BeCl... —2. Sulphuric acid dissolves Be, forming 
BeSO,.\q. — 3. Nitric acid act.s very slowly oven 
when hot and concontratt'd. —4. Be dissolves in 
warm KOHAq or NaOHAq. 

Combinations. -’l. Be combines readily with 
Cl, Br, and I to form BeCl^, BoBr^, and Bel, 
respectively.— 2. dt also combines very readily 
with Si;* and, according to tho observations 
of Wohler, made, however, with very impure 
material, with P, He, and H ; later experiments 
seem to show that Be ai.d S do not oombins 
when heated togelHier (Nilson a. Pettersson, J9. 
11, ,381). -.3. An alloy ot Be and Fo was de« 
scribed by Htromeyer as a white solid, less 
malleable than iron, obtained by strongly heat- 
in;; BoO with Fe and charcoal. 

Detection, -1. Caustic jiotash or soda pps,’ 
BcOIt/9 soluble in excess, hut reppd, on dilu- 
ting and boiling. —2. Amvionium carbonate 
the carbonate easily soluble in excess; this' 
reaction distinguishes .salts of Be from salts of’ 
Al. —fi. Be salts give no colour when heated with' 
Co.2N(),. 

Estimation.— A b oxide, by ppg. by exoess ol; 
NH,Aq, washing, drying, and strongly heating.; 
BcO is separated from A1/Jj by the action m' 
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BERYLLitli* 


(NHJjCO, (tf. Hofmeiiter, J.pr, 70, 1 ); or by 
converting the ftlumina into potash altun (o. 
SchciTer, .4. 100. 144). 

Beryllium, Ailoye of. Little or nothir^g is 
known ; v. UEUYi.LinM, Combinations^ No. 3. 


Bezylliiia, MfiniHAu ot A oompoimd ol 
Be, H, and 0, agreeing in composition with the 
formula Be 02 Hj(>BBoO.H.jO) is obtained as a 
white powder by ppg. a hot solution ol a Be 
salt by NiI,Aq, or KOHAq, boiling, collecting, 
washintr. and drvitiLMit /Attprhprfr nj 


Beryllium, Bromide of. IJ.dlr., Mol. w. washing, and drying at lUO’ (Atterberg, Bf. [‘ij 
IfiH'O. (abt. (100 'j (Cunndley, 7A 17, 1357); sub- 21, 358; Wceren, P. 92, 91); on heating moro 
limes readily at 150'-’. V. D. 90 {lluinpidgo, Pr, : highly, BeO remains. Van Bcmmelen {J. pi\ 
38, 188). * j [2j 20, 227) says that the pp. by KOHAq Ima 

Prr/aration. - I. By heating Bo in Hr vapour ' the composition BeO.TIi) only when heated to 
(Wohler, P. 13, .577).- 2. By lieating BeO loO'^-lHO'^: he dciseribes a gelatinous hydrate, 
mixed with <:}iar(;t>al and made into a paste ^ BeO.Hp, obtained by the action of NlIjAq on 
with sliindi, in dry Br (Ilumpidge, 'I\ 171, OOl). i BeSO^Aq, washing with cold water and drying 
Ciystuls uf hydrated BcBr. arc obtaim-d by | in dry air at ; the composition of this 

dissolving fn- dily yipd. BeO.iLO in HBrAq, and [ hydrate is constant up to 200\ The compound 
evaporutiiii' (Bt rtlu mot, A. Ch. [2j M, 391). j BeOJL, is not re-formed by the action of water 
I*ro]iiir(ii‘s. liong wliite needles; very dedi- ; on Bed (for more d. tails of this action v. Van 
que.seeut. Ib aN d in air, partly sublimes, and ; Bcmmelen, l.c.); it seems better to regard it as 
is p.ii tly deeompoHfMl into BeO ami Br. j a liydrated oxide, BeO.II^O, than .as a liydroxide 

Beryllium, Chloride of. BeCL Mol. w. 80, | Be{OH),.. Other hydrates of BeO are .said to 



(Nilson a. rettejsson, B. 17,987; J. pr. [2J , pr. [2] 2(1, 227). The gelatinous BeO.H.O is 
!)• : easily soluble iii aeiils, also in NaOll.Aq'and 

Prepnra/hm. h. aling Bo in C1.--2. . KOlIAq, and in (NlI,),CO,Aq. By boiling tho 



' •■'I I iijiHiu nyor 

i'ro/)(‘///V.s', Snow-white crystalline mass; [ the followi 
easily lii.ird aiul volatilised ; melts (o a colour* 
less refractive li(piid ; may bo subllimsl un- 
ebangecl in pun- dry N or (..'<),; but is easily 
(leeoiuposed into I’.eO and Cl if a little air is 
pres('iit (Nilson a. I’ettersson, H. 17, 9S7). Is 
practically a non*couduet»r of eb-efricity 
(Nilson a. I’ettersson, if, ll,3-“*2; llumi)idge, T. 

Ul.bUl). 

/frf/c/eujx.— Dissolves in water \flfli produo- 
tioiuif nineh heal ; ouovaporaluni,ano.n,..‘/B()rj(/<’ 
l’o.,OCl.;.l 1 .0^ lletlL.lb 0,11(1) is obtained ; if 
tho solntion is placed over ILSO, under a bell- 
jar, crystals of lb ('1 .111 X) separate out (Awde- 
jow, i*. .51 », ini ; Altm borg, HI. [2; 21, X>S), 


Coii;!>iUiitii>ns. 1. With cfil'>ri>l,‘s of various ' (Nilson a. V 


gives 

ing values for its heats of neutralisa- 
tion, solid J>eO.,H,, being useii in each case 
(77i. 1, 303) ; ‘[BcOlISIDSO'Aq] = 10,090 ; 

fBe()*IP,21ICI.\q] — i3,(>14. Theso values aro 
much less Uiau those for tlie alkaline earth 
hydroxides (about 31,000 for ir^S(>^A(j). 

Beryllium, Iodide of. BeL. Mol. w. un- 
known, ns V.D. has not beem determined. 
De-eribed as colourless needles obtained by 
hedlin;; togetlnu' Be ami I (Wohler, P. 13, 677 ; 
Debray, .1. Ch. [3J 41, 5). Kasily dccomposeil 
by uidion of liot air into BeO and I (Do- 
bray, l.c.). 

Beryllium, Oxide of. BeO. Mol. w. un- 
known. S.(h 3 0l(). S.II. (0^ to 100°) -2-171 



IJO to 9)0 the Be salt retains III ,0, nmleorre- ■ stand for 2 1 hours or more; rmtash alum and 
spom jXHlhdmibleBa-rtsalt, lla^ K.SO, separate out; tho mother liquor is again 

^ * ^ ' evaporated and a second crop of alum crystals 

iV W - -J , T, , i t)btaiiied and removed; the mother liquor 

u I . I >3 I'ow poured into a.warm cone, aqueous solu* 

'IS e.'ihily in 111 ,Vq ; on ovapi»ration, a trails- ♦ turn of ammonium carbonate, the pp. (of 
parent.gum-hk( luassft.ddanm^ | AU), ‘to.) is dil;estcd in contact with the liquid 

opmpmat mains soluble in water; i for f»ur or (ive days and then filtered, tho in* 

U s us P^ebaldy BoK. (Berzelius). Iho double , soluble ^Toition is again heated with (NH,)„CO,Aq 
toniuounds Bel- ..-_Kl-, luid^ Bol- .KD, are de- | and the liquid is liltered off. The solution in 


scriia d by Marignao (.1. Ch. [4J 30, 4.5), the j (NH,).,CO.Aq contains BeO, free, or almost free, 

ifttter by adding littlo KKAq, to u solutioii of - . J 

I D in IIFAq, and evaporating. The com* 
s2NaV.BoF,, NaF.BeF.,,and 2NH,F.BcF, 
so dc!U'ribed by Berzelius. 


Inthw by a»lding little KFAq, to u solution of 

BeO.II (> > - '• 

pound 

are also de^u-ribed by Berzelius. 

Beryllium, Hydrated oxidt of, t>, Bxbylliux, 
*Y»RoXlHK8 or. 


obtained by boiling tlie solution (Nilson a. 
Pelletsson, B. 11, 383), or by acidulating, boiling 
oil CO.., and ppg. by NH^Aq (Hofmeister, J. pr, 
70, 3) ; in either case, the ppd. BeO.arH^^O 
should be again treated with (NHJ,CO,Aq and 
then reppd. There are various other ways of 





prepaTiig MjMff htm Wyl («; 

Joy, J. pr, 93, 333; Scheffer, i. 109, 146 ; 
Berzelias, P. 8, 187 ; Debray, A. Oh. [8] 44, 15). 

Properties.^k white, loose, infusible powder ; 
insoluble in, and unacted on by, water ; soluble^! 
in acids and in molten KOH. According to 
Ebelmcn {A. 80, 213) BeO is obtained in hexa- 
gonal crystals (a:c =» 1:1*587) by cooling a 
solution of the oxide in molten boric acid ; 
Debray obtained similar crystals of BeO by 
strongly licaling aminonium-berylliura carbonato 
{A. Ck. [3j 14, 15). H. Hose dcsciribed crystals 
of BeO obtained by heating tlio ordinary oxido 
in a porcelain oven {Ph. C. 1848. 48(5) ; S.O. of 
these crystals = 3*02. 

Pmcfiojw and Combinatiom.~l. With most 
acids to form salts, e.g, BoSO^, Be.2NO„ Ac.; the 
oxide becomes loss easily soluble in acids by 
heating.--2. Decomposes molten ctir- 

bonate with evolution of CO^; on addition of 
water BeO remains dissolved in the KOHAq. — 

8. Does not combine directly with water, but i 
various hydrates, of which BeO. 1 1,0 is the most 


Berylliniil atblde (185^-138^). J^ia 

HgEt, and Be at 130^. Takes ilre iff air 
(Cahours, /. 1873, 520 ). 

Beryllium propide BePr^. Does not take 

fire in air. 

BETA — Compounds beginning with beta^ or 
bet- are described as j8 comj>ounds under the 
word to which this prefix has been ad.h d. 

BETAINE C.U„N(), M. M..,N.:™'>CO. 

InUnuil anhydruic of r!u>. mcthyloJiydriu'uU 
of di-methyl amido-acftu' acid. S. j<5 ut 25 ’. In 
Ihehydrated condition CJ{,,NO.. a<i, it niav be ro- 
presented by the formula .Mo 3 N(bll).Cl],.CO,lI. 

Occurrence. -^1. In the juice of beet rout 
(Beta vulgaris), and in beet-root molasses 
(Mcheiblor, 8,505; B. 3, 155; Liebroich, 

G, 50C; B. 3,101). Tho unripe root contains 
;25 p.o. ; the ripe root only *1 p.o. Tho betaino 
is not present :n the root as such, but is liberated 
by treatment with MCI or baryta. 2. In man- 


important, are obtained by tho action of , b'‘dd wurzel (Scheibler, Z. [2J 5, 532). ■ 3 
NHj.Aq on solutions of Bo salts (v. Bkuylmum, i aced (Hitthausen, J. pr. [2] 30, 32). 


3. Ill 


HYDaOXIOKS ok). 

Beryllium, Oxychloride of. 

BOaOGl 2 = BbGl.j.BcO. Said to be formed by 

evaporating an aqueous solution of BeCl,.. 

Berylliam, Phosphide of. Described by i 
Wohler as a greyish powder obtained by heating i 
Bo in vapour of P ; existence very doubtful as 
Wohler’s Bo was very impure. 

Beryllium. Salta of. Salts obtained by re- 
placing II of acids by Bo: they are generally 
obtained by tho action of aqueous acids on 
BeO.H,,0. Most of tho commoner salts— sul- 
phate, nitrate, oxalate, chloriilo— are soluble in 
water an<l have a sweetish taste ; tho carbonato 
and phosphate aro insoluble in water. When 
heated, the salts of Bo are completely uecom- 
l>o8ed, except the acid bo non-volatile. 


In tho leaves and branches of Lyciuni harharum 
(Marm6 a. Jlmseinjuin, A. Suppl. 2, 383 ; 3,245; 
Ar. Ph. f3J 210). -5. In putrefying llG.sh 
(Gautier, Bl. [2j 48, 13). 

Pormition. — 1. From tri-methyl-amiuo and 
chloro acetic acid (Liebndch, B, 2, 13). -2. By 
oxidation of neurine Me,N(()II) OH ,.C1U)I£. 

3. Glycoeoll (I mol.) is dissolved in KOII.\q’and 
mi.xed with .Mel (3 mols.) ami McOU; tho 
liquid being kept alkaline (Griess, R 8, 1400). 

4. Silver glycocoll and Mel gives tho iodide. 
Me,NI.CH..C(),lI. 

Preparation, -1. Dilutc-d molasses aro boiled 
for twelve hours with baryta; excess of baryta 
is removed from tho filtrate by CO, ; tho liquid 
is eva» “alod to a treaclo and exhausteii with 
alooliol ; ihe alcoliolio solution is treated with 
alcoholic ZiiOl,; tho pp. is rccryslal list'd from 
water, and decomposed by baryta; tlie barium 


. . . The 

chief salts of Be are tho following (they are 
described under tho heading.s C.uuioN\TKa, Ni- 
TJJATEs, ttc.) carbormtes, chromates, tnolyfxiatcs, | j ^ removed from tlie filtrate by 
nitrates, perchlorate, perwdates, idwsphutcs, ^ ** 

selenatc, selenites, silicates, sulphates. Tho ' * (Liebn.ich. JL 3. 101 . r.f. Sehmlilnr. 


following salts probably exist, but few if any 
definite facts concerning them are known : — 
brotnate, chlorate, hypyphosphite, iodate, phos- 
phite, tuyigstate, vanailates. 

Beryllium, Seleuide of. Existence very 
doubtful. 

Beryllium, Silioide of. Be readily combines 
with Si ; when Be is prepared in porcelain ves.sela 
a portion of the SiO^ is reduced and as much as 
20 p.o. Si may combing with the Be to form a 
hard, brittle mass. It is doubtful whether apy 
definite compound of Bo gfd Si has been 
obtained. • 

Berylliam, Sulphide of. Described by 
Wdhler (P. 13, 577) as a greyish (used mass, 
which evolves l^S by action of acids ; obtained 
by heating Be in S vapour. But existence is 
extremely doubtfnl ; according to Fremy (.4. Ch. 
pj 38, 328) no sulphide of Be is produce ! by 
heating BeO in S, or CSj, vapour. According 
lo Nilson a. Pettersson (B. 11, 384), Be and S 
lo not combine when heated together. 

M. M. P. M. 


poration (Liebreich, B. 3, IGl ; cf. Sehoiblcr, 
B. 2, 222; Fruhliiig a. Schulz, R 10, 1070). 

Properties. — L.argo cry.itals (containing aq) 
(from alcohol). Ppd. as plates by adding ether 
to an alcoholic solution. Deliquescent. Over 
1I,S0, Gio cryatals become Cj,H,,NO,. Sweet 
ta.stc; neutral to litmus; inactive. Decom- 
posed by heat, giving oft odours of and of 
burnt sugar. Not affected by GrO., or III. 
Fusion with potash givfo off NMe,. iodine in 
KI pps. brown ii«e;dle,s of a poriodiue. 

Salts. -B'HCI or Mo,NCl.ClI,.CO,ri: mono- 
clinic tables, V. sol. water. B'lIAuCl^: plate# 
or thin needles. #- By 2aq (It.).— 
Myi,PtCI,4aq (L.).-(B'HCn.Hj^Cl.. -B'ZnCL. 
—B'KI 2aq [132^] (Korner a.* M. nozzi, O. iL 
! 351).-B'KI [22fPl. -B\U,I,(BiI,), (Kraut, i. 
210, 318). -By I. SO,. 

Methyl sflter.-Iodide INMo,.CH,.COyfe. 
From silver glycocoll and Mel (Kraut, A. 183. 
180). 

BBTH-A-BABBA COLOUB C^H^O,. 

A dye extracted from a West African woo<l 
(Sadler a. Howland, Am. 8, 22). When dried ai 
100** it contains 3aq in the molecule. 





»*ioiaiir ^ 

{l:4:8:5j. fl68®]. (o, 379^. i9-C^in« Di-wn^ 
pi-meihyl-resorcin. 

Formation,^!, By boiling (fl)-picroerythnn 
vith baryta (Stenhouse, A, 68, 104 ; Lamparter, 
A, 134,248; Menschutkin, J3/. 2, 428).— 2. From 
lirfiido-xylenol, CJ£^Mo.^(NiI;j)(On) [l:4;3:r>] by 
the diazo- rfiaetion (KoJitanecki. B. 19, .2321). 

Prpparation.—ThG liclien Usnm harhata'i^ 
'thoroU}»>ily oxtraftlcd with cold water (10 pls^.) 
and CaO (I j)!.), tlie extract in mixed with HCI. 
A pp. of uHnic and harhatic acida is formed. 
TIuh mixture (1 pl.)*iH boiled with water (10 pt;!.) 
and CaO (I ])t.) for four hours. An insoluble 
basic calci(5 unnate is formed while the barbatio 
acid splits up into (X).^ and betorcin. Air must 
be exclmled, for betorcin oxidises very readily. 
The filtrate is at once mudralised with HCI, 
acidified strongly with acetic acid, evaporated 
(to 6 pts.) filtered from Home tarry matter, and 
•avaporated further to crystaUisation. UocryKtal- 
llBcd first from benzene, then from water. 
Yield per cent. (Htenhouse a. Groves, C. J. 
37, 896). 

PropertuB. Loss soluble in water than orcin. 
<livc8 a more crimson colour with hypochlorites 
than orcin does, Fe/ll„ gives a gnam colour. 
Ammoniacal solutions turn rod in air. Boiled 
with NaOH and chloroform it forms a red, 
lion-fluore.scent solution. 

BpULIC ACID 0j,Hj,0«. flOS^J. From 
botulin and CrO.j in llOAo (Hausmann, A. 
182, 378). White powder, v. si. sol. water, v. 
aol. aloohol.-lMi,(C,JI,,oj.,. 

BETULIN C,.ri„„0,. |25P]; [2.58^ cor.] 

^Hausmann, A. 182, 309). 8. (alcohol) *7 at 15® ; 
4*2 at 78®. Occurs in the Wrk of the biroli 
Lowitz, Crdl. Ch'in. Ann. 1788, i. 302 ; Ililno- 
fold, ,/. i>r. 7, 53; Hess, J. pr. 16, ICl; Stiihelin 
a. Hofstettur, A. 61, 79; Faterno a. Snioa. G 
7, 608). •# 

Preparation. - HUo bark is extracted with 
90 p.o. alcohol, tlie alcohol evaporated and the 
residue after wasliing with water and with soda- 
aohition is crystallised from Ixuizenoor naphtha, 
the crystals are finally ilecolourisod with aniinai 
<jl»arcoal arul rccrystallisod from alcohol fFran- 
^hinionl, B. 12, 7). 

Needles ; may ho sublimed. Insol. water, v. i 
*1. sol. C8„, si. sol. alcohol and other. At 130’ I 
it gives un Anhydride O... On di.stilla- ' 
tion alono with powdered zinc, or r,.H i 

hydrocarbons an? produced of doubtful con- • 
stitution. I 

Acetyl derivative C,JI,X)(OAe).. [216®1. I 
BETULIN.AMaVc ACI4 From ' 

betuhn and fuming UNO, (Hausmann, A. 
182, 371). Crystals, v. si. sol. water, v. e. sol > 
ailoohol and ether. At llO’ it gives the auhy. 
drideC,jH„0„ [iMl®]. • ^ 

Salts. - - CaIUC,XI,.,0.,. — 

<3^A,U„0,,™-rbX\„H„0.«. Cu.C,Xl„0,J 

Ethyl ether 1117®]. 

BETUIORtTIC ACID C [94®]. A 

whiU» resm found on young birch-shoots and 
leaves (Kosmann, J. Ph. [3] 20, 197). Insol. 

‘^thor. Oxidised bv 
IINO, to picric acid.- AgC,«H„0, : floocnlont p^. 

BEZO AR. - A conoreliou found in the stomach 
<Nf mtestmes of a variety of goat, Ca_pra ivgrayust 




BlOraOMA&S, flame ai DiOBBoiatltfl, e. «, 
under Chbowuh, acidb of. * 

BICUHYBA PAT.~The fat of Myristka 

btcuhy^ consists chiefly of the glycerides of 
myristic and oleic acids ; it also contains small 
quantities of resins and free fatty acid (myristic 
acid), and a very small amount of an ethereal 
oil (Noerdlingor, B. 18, 2617). 

BIEBRICH SCARLET v. p. 368. 

BILE.— A liquid secreted by the liver. It is 
! viscid, of green or brown colour, and has a bitter 
; taste. S.G. about 1-02. Faintly alkaline. Po.s- 
; sesses an emulsifying power like soap. Its 
composition varies. Ox-bile contains sodium 
glycocliolate and taurocholate, cholesterin, urea, 
fats, salts of acetic and propionic acids, glyceryl 
tri acetate, glyceryl tri -propionate, pigments, 
mucus, KCl, pliosphates of Na, Ca, and Mg, 

! and traces of iron, manganese, and silica! 

Human bile is of a similar composition, 
j JjatschinolT (B. 18, ^039) ha.s shown that 
j saponified ox gall contains, in addition to cholic 
! acid (which i.s derived from the glyco- and 
' tauro- cholic acids), a new acid to which ho gives 
i the name c/i()/i:ic acid. The latter acid, accord- 
ing to this investigator, occurs in two forms — 
anhydroua C,Jl,,0„ana hydrated C,J[,,.0,li an. 
Mylius (B. 19, 369) has found tliat cholic acid 
by putrefactive fermentation is reduced to a 
body (the ‘ deaoxycholic acui ’ of M.) which L. 
considers as identical with his so-called 
I ted choleic acid.* As however Tj. (B. 20, 1043) 
was unable to convert his ‘ anhydrous choleic 
I acid ’ into the * hydrate<l choleic acid ’ by any 
other method than by boiling with acetic acid 
I and M. (B. 20, 1968) was unable to elTect the 
conversion oven in this way, there appi‘ars to 
, be little doubt tliat these so-callcd * anhydrous ’ 
j ftnd^ hydrated choleic acitls* arc quite distinct 
: acids (the conversion by AcOH is probably er- 
; roneous). the latter being identical with the 
i ‘ de.so.xycholic acid ’ of .M. Hence the • anhy- 
drous ’ acid will 1)0 do.scrihed as cMcie acid, the 
‘hydrated' a.s deoxychoUc acid. Both these 
aculs according to L. give dchydrocholeic acid 
; on gentle oxidation, and cholnnic add on more 
i vigorous oxidation. 

I bnt M. (B. ly, Sli'J, 2000 ; 20, 1968) has show?. 

I by a long series of careful analyses that, almost 
: beyond a doubt, it is represented by the formula 
I originally proposed for it bv Strecker. 

On oxidation it first gives dehydrocholic acid 
and then bilianic acid (but 

no cholanio acid, which when obtained from 
cholic acid by earlier juve.stigators, was due to 
4110 presence of choleic acid). 

Pig’s bile c&tains sodium hyoglycocholate 
and h^tptaurochmato instead of glycocliolate and 
taurocholate; it also contains glyci’ro-jiliosphorio 
acid and nourine derived from the decomiiosi- 
tion of lecithin. In other respects it resombles 
ox-bile. Tne various constituents of bile ora 
separately described. 

Vettenkofer's test. Bile, or an aqueous solu- 
tion of a salt of bile, is mixed with two-thifdfl 
of its volume of ELSO, and a drop of a 10p,o. 
solution of sugar is added. On warming to 75® 
a orimsoa colour is produced. The reaction if 
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Htn^Iiolii), hyoglyooohoUe, 
fayotaorooholio, and by ohoUo acid (Pattonkofer, 
A* 53, 93; of, Neokomm, A, 116, 30; Strasa* 
burg, Pflilger^s Arch., 4, 461). The test may be 
modified by using phosphoric acid. The sub- 
•tanoe to be tested, together with very little 
. oane sugar, is dissolved in 3 drops of a mixture 
of syrupy phosphoric acid (5 vols.) and water 
(1 vol.) and the tube is then dipped into boiling 
water. A crimson colour soon appears (Kolbo, 
J. pr. [2J 27, 424). A red colour is produced by 
many other substances than those mentioned, 
hence it is necessary to confirm it by observing 
the absorption spectrum which contains three 
bands: one extending from midway between a 
and D to D, the second midway between d and e, 
and the third between b and p (Heynsius a. 
Campbell, PJlilger's Arch., 4, 497 ; cf. Schenk, 
Fr. 12, 119). 

BILE GOLOUBING MATTERS v, Piouentb, 

ANIMAL. 

BILIANIG AGIO 

probably C..,Ilt,(CO),(CO,H),. 

Formed by further oxidation of dehydrooholio 
acid C,,H,,{CO)(CHO).,CO.,H. 

PrejximtUvi. — Cholic acid (20 pts.) in fine 
powder is added to a mixture of K_.Cr.,0, 
(40 pts.) and H_.S04 (GO pts.) in water (IGO pts.), 
finally wanning on tlm water-bath till the re- 
action is complete. It is isolated by conversion 
into the acid potassium salt, which is sparingly 
soluble in alcohol, and then into the di-cthyl- 
ether (Mylius, B.20, 1981 ; cf. Cleve, Bl. [2] 35, 
373; LatschinotT, B. 19,480; BL [2] 46, 818). 

Properties. — Flat needles (containing ]a<i.). 
Tri-basic ketonio acid. 

Salts.— A"jBaaGaq or 8aq: tables or prisma. 
— A'"lIBa2aci: hexagonal tables, si. sol. water 
and alcohol.— AgsA'". 

Di-ethyl ether A'"IIEt, : [193®]; long 
flat needles; sol. alcohol, less sol. ctlip’'. — 
A''',Et4Ba.— A'^^Et^Pb. 

Tri-cthyl ether A'''Et,: [127®]; satiny | 
tablets, or thick pillars. i 

Di-oxim C,pn„(C:NOII),(COJI),. Formed i 
by warming a slightly alkaline solution of bili- 
anio acid with hydroxylamine. Glistening tables. 
Sol. dilute alcohol, nearly insol. water and abso- 
lute alcohol. Dissolves in alkalis, forming acid | 
or neutral salts. : 

Di-phenylhydrnzide 
C,9H„(C:N.jHPh).^(CO.H),, ; colourless ncedlc.s. 
Nearly insol. acetic acid and hot alcohol, irr-<J, 
water. Dissolves in alkalis. 

iso-Bilianio Acid C..fl,„04 (?). [234®-237®]. 
Flat needles. Formed in small quantity, to- ^ 
gether with bilianio acid, by oxidation of cholic 
acid with K.^Cr.^O^ and 11^804. 

Salts. — A'"ILK: silky rhombic platc.s, 
sol. water and alcohol. -A'^A*: amori^hous pp. 
— A'"„BaGaq; amorphous, si. sol. watsr, insol. 
alcohol. • 

Methyl ether A"'Mo4: [98®]; needles 
(Latschinoff, B. 19, 1630). 

BILIG AGID [about 190®]. Pre- 

pared by careful oxidation of cholic acid with 
chromic acid mixture (Egger, B. 12, 1 >68], 
White needles. Sol. hot water and alcohol, si. 
sol. ether. Dibasic acid. It gives Pettenkofer’s 
reaction with sugar and H^SO,. By oxidation it 
Is eonrerted into oholesterio acid (C„H,40,). 


BiirAltT tUBOBT Of 8AAm VhA l^e 
salt was given in ancient times to ths iioUd 
residue obtained by boiling sea-water; it was 
then extended to include all solid substances 
easily soluble in water and obtainable by ovapo* 

' rating watery liquids. At a later time the 
posscjision of a taste more or less resombling 
that of sua-salt was rogm dpd as a eharacteristic 
pW)pt‘rty of all salts. When the composition ot 
; the bodies called salts began to be .«tudieil.j\ three- 
I fold division was made into acid salt.s, alkaline 
! salts, and neutral salts (r. Aci\\ Alkali, Salt). 

: Lavoisier's discovery of tliohainro of oxygon led 
j to the definition t)f acids as highly oxygenated 
conij)onnils ; and Davy’s decomposition of soda, 
potash, lime, and baryta, showed that those 
j alkaline salts were also ccnnpouiuls of oxygen. 

1 But as neutral salts were formed by the mutual 
I action of an acid and an alkali, it followed that 
they loo were oxygenated compounds. A 
neutral salt, or we may say simply a salt, for 
the qualifying word neutral had been dropped 
by this time, was then regarded as constituted 
of two parts, an acid or electro-negativo part, 
and a basic or electro-positivo part. From this 
! time diialistic views prevailed ; every compound, 
j said Berzelius, must bo constitutiul of two parts, 

I which may themselves bo simple or complex, 

' and of these parts one is positively and the 

■ other neg.alively electrified. Such a salt Ai 
j sulphate of soda, for iiustanco, was regarded aa 
• constructed of positive soda and negative aul- 
! phuric acid, r.ather than as formed by tlie mutual 

j interaction of the eleruents sodium, oxygen, and 

■ sulphur. When, chietly as a result of the 
I work of Davy and Dulong, acids had come to 
J bo regarded as comimsed of tlio positive element 
' hydrogen united with a negative clement or 

: group of elements, and salts wore said to bo 
; formed by putting metals in the place of Iho , 
: hydrog|^j*of acids, the concr']>tion of a salt as a 
I binary strucluro still remained. One part of 
j every salt was a positive element, a metal; tho 
I other jiurt was a ncijativo radicle, either a non- 
j metal or a group of non-metallic elements. 

[ In some such way as this arose the binary 
! theory of salts, a theory wljich is based on tho 
j notion of every s.alt being a ilefinito structure, 

I and which conceives it possible to place all salts 
! in one class, regard being bad for classificatory 
; jnirposes rather to the com}'ositiojj than to the 
properli^ of •salt (o. Classificajion and 
Salts). • Rl. M. P. M. 

BIRCH BARK. Contains betulin (q. v.) and a 
kind of tannin wliich is lurncsl green by Fe^Clf 
(Stalu liii a. Hofstottt r, Ak Ld. 79). 

BISMUTH. Bf At.w.20H. Mol. w. probably 
208 (r. Biltz a. Mever, /-f. P. C. 4,249). {268®'3j 
fBudberg, P. 71, 462 ; Biomsdyk, C. N. 20, 82). 
(1090M150®) (Carneiey a. \/iiliams, C. J. 35, 
Luf,). S.G. 9-759 (Sohnkler, J\ 106, 226). 8.G. 
liquid 10-056 (Koberts a. Wrightson, A. Ch. [5] 
30, 274). 8.G. is lowered by great pressuro. 

S.H. (20®-48®) *0.30.6 (Kopp, T. 16.6, 71); 
(9®-102^) -02979 (Bide, Mem. B. 1856-60, 28) ; 
(liquid 280®-.380®) 0363 (Person, A. Ch. (31 
24, 129). C.E. (12® . 41®) 001333 (Kopp, A. 
81. 1); (0®-100') -001316 (Matthiessen, I'r, 
15, 220 ; V. also Fizeau, P. 136, 372 ; 138, 267), 
Ht. of fusion at 266®-8 ^ 12,640 (Person, A. Ch, 
:3] 24. 129). T. C. (Ag » 100) 18 (Wiedemaim 
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P.89, 497). i 

•8D76 (Lowrna, F. 13, 422, 582). Cryi^ form, 
hexagonal. a:o«B 1:1*3035; isomorphoae with 
Te, As, 8b. B.V.S. abt. 21’3. H.C. [Bi', 0»] 
abt. 05,600 (Woods, P. M. [4] 4, 370). 
Etnission-spfifitrtini cliaractcrised by very many 
lines; in aro ‘^J)^‘c;trtlln the prtMlominant lines 
are 4722'J, 41J'). .35101, .3:i!H>-2, 2503, 

2524, 21l}0 8, 2277 (Liveing a. Dewar, P. 174, 
187, also, ri“';u<ling H])octrum of Di, Hartley 
a. Adoney, 7'. Iw.Hl. 03). 

Occurrcinu'. Uflcoinhiriod with ot)»or ele- 
ments, in Saxony aral other parts of (Jerrnany, 
in Norway, Spain, (Jalifornia, atnl in Cornwall 
and Cuinljerland, d'O. Also as Di-O^ {liismuth 
ochrv), lii^^Sa {JJianitUh glance), lU/rOj, Si./lu_,S4, 
BiJ'b^S^, Ac., Ac. Disinuth has bei-n known 
for many centuries; Jia.iil Valentine (15th cen- 
tury) Bcetns to have been the lirst to reco;'ni.so 
it as a definite metallic body Der<'mann gave 
(ho enrlieat fairly accurato account of its 
reactions. 

Formal ion.-- 'tiidlvo bismuth is melted in 
iron tnlies, and tlio metal is run olT from 
gangue Ac. into pots. Dy remr-lting with yj of 
its weight of KNO,,, at a.s low a tem[»eraliiro 
AS po.ssible, until tlie nitre forms a solid .slag on 
the siirfiKU', aj)proxiniately pure JU is oljtained. 

rreparatooi. Approximately pure nndal is 
dissolved iu the minimum quantity of HNO;,Aq, 
much water is added, the pp. of basic nitrate is 
washed, boih'd twice witli pure KOHAq, or 
NaOIlAq (Herapath, /). P. J. 103, 40), dissolved 
inns little llNO.Aii as possible, and water is 
again added. The [)p. is washed, dried, mixed 
with black Jlux (oblnined hy healing cream of 
tartar in a olo.so(l v('ssel) and heat«sl at about 
270°-280^ in a closeil crncihle. The reduced 
metal is washed in dilute llClAq, and in water, 
and dried. Traces of As, Sli, or I'e, which yet 
remain in tho metal are removed by^^rtially 
oxidising and molting under tho small quantity 
of lU.O, formed : this may be cllectod (1) by 
adding a little pure KNOj, melting in an open 
porcelain crucible, keeping molten for some 
time, allowing to cool until a small quantity of 
tlio metal solidifit's, and jxniring off the still i 
molten metul fmm tho more solid oxitles on ! 
the surface; (2) hy melting und«*r Na.jCO,, con- i 
■tnining 2 5 p.o. KCU), and |'r(n:e<>iliug ns in (1) • 
(Tiiraeli, J. pr. [2] 14, ,'WV.») ; (3) liy strongly ; 
heating with 1 part cream of f .art*r, then running ; 
tho molton metal (whieh. contains 1^ info a ■ 
oruciblecontHiniug chareoal, heating for a little, ! 
running into an open pureolain vessel, .strongly ! 
healing in nir for time, and llnally pour- 
ing off the molten metal froiK the slag on tho 
BUrface (Mohu. IK l\ J. 211, 1J^7). Lowe 
(J'V. 22, 4\iS) reeommonds jipn, of lli3NO, iu 
JlNO^Aq by Ki^H. soliui^u of pp. in excess of 
KOll in pieseiue of glyccTiiio, addition of 
grape sugar, lilfr.ilion from Ag and Cu, and 
boiling ; pure Di is ppd. Hi is obtained in 
woil-formed crystals by melting the ooinmerei.il 
metal wilh a little KNO, in a crueihio until a 
imall quantity taken ('ut appears yellow on tho 
•urfoco (indicative that foreign metals are 
oxidised), removing the scnni of oxides from the 
•orfaoc, Ci'vering tho molten mass with pieces 
of charcoal (to prevent oxidation), allowing to 
Dool unti^ a linn crust has formed, piercing two 


holoi in JIie ismti oft ^ Mill 

^Itea metal ; theeMioible is foand to be |jiied 
with orystale of Bl 

Properties.— Yery Instroas; white with • 
slightly reddish tinge ; very easily crystallises j 
"brittle ; diamagnetic, but not so when molten 
(Karaday, P. Stippl. 3, 1; Weber, P. 73, 241; 
87, 146; lleich, P. 97, 283; Pluckor, P. 72, 339 ; 
76, 676 ; 81, 133). For thermo-electric behaviour 
V. Svanberg, C. B. 31, 250 ; Franz, P. 83, 374 ; 
Mattcucci, C. B. 40, 541. Jti expands as it 
solidities (for method of demonstrating this v. 
Bdttgcr, D. P. J. 212, 441). May be distilled at 
a high temperature (over 1100^) in an atmo- 
sphere of H. The atom of Bi is trivalent in tho 
gaseous molecule BiCl,. Bi forms numerous 
alloys most of which melt at low temperatures, 
and expand on solidification (y. Bismuth, alloys 
ok). The atomic weight of Bi has been deter- 
mined (1) by finding V.D. of, and determining 
Cl in, BiCl, (Dumas, A. Ch. [3] 65, 129 a. 176) ; 

(2) by oxidising Bi to Bi.p, by means of UNO, 
(Schneider, P. 82, 303 ; J.w. [2] 30, 237 ; Jiowe, 
Fr. 22, 498; Marignac, A. Ch. [6J 1, 289); 

(3) by converting into sulphate (Marignac, 
1. c.). The oxaet value to bo given to tho at. w. 
of Bi is still doubtful ; it is certainly not greater 
than 208. Bi is metallic in its chemical func- 
tions; it shows a marked tendency to form 
basic rather tlmn normal salts ; many of these 
basic salts may be represented as containing 
the group BiO e.g. BiO.NO.,, (BiO)BO„ Ac.; 
several oxychlorides and oxybromidos are known ; 
no hydride of Bi has yet been obtained ; tho 
oxides of Bi are salt-forming in their reactions 
with acids, none of them is an anhydride, but 
moist Bi,Oi dissolves in very cone, boiling 
KOHAq probably with formation of compounds 
in which Biacts as part of the negative radicle 
(y. Bismutuio o.\U)n under Bismuth, oxiuks ok). 
Bi shgws distinct analogies to As and Sb, also 
to tno other members of (JroupV.,in its chemical 
relations; for fuller discussion v. Bismuth, 
OUKMICAL RELATIONS OF. Bi salts aro used in 
medicine; the alloys are used in printing, 
soldering, Ac. 

React ions. —1. Very superficially oxidised in 
ordin.ary ntr: heated in nir or oxygen burns to 
Bi,0,. - 2. Decomposes stciini at a red heat. — 
3. Combines directly with several elements, 
c.specially 0, Cl, Br, I, S, Se, and To; [Bi,Cl*] 
-- IMMb'tO {Th. 2, 410); =- abt. 95,000 

(\Voods, P. M. [4J 4, 370). -3. Scarcely acted on 
by hydrochloric aci<l dilute or couc. ~i. With 
hot cone, sulphuric acid a basic sulphate is 
formed. — 6. Quickly dissolved by nitric acid 
with formation of Bi.3NO,. —6. Oxidised, but 
slowly and partially, by^ fusion with potassium 
nitrate or chlorate. 

j P.-i/iniafitui.-^onerally as after ppn. 
from a solution free from HCl and chlorides by 
excess of ammonium carbonate, and warming for 
some time ; the pp. is washed, dried, an«l heated 
I whereby BiD, is produced. Also by adding 
luuoh water to a solution in as little HCl us 
possible, warming, collecting BiOCI, and drying 
at lOO^'-llO'^ (traces of Bi remain unppd.); 
the BiOCl may be reduced by heating with 
K(’N, and the Bi weighed. Ppn, as Bi,,S, and 
weighing is not to be recommended, ns BiA 
. » easily oxiiliseil in moist nir. VoItuiMme 





mtihodi Bi, <rf whleh hov- 

ever is alio^tber sstisfaotoiy, have been based 
on (1) ppn. ot Bi(IO,), from aoetio acid 8ola« 
lions V' a measurM mass (excess) of HIO^Aq, 
and determination of residual HIO, (Buisson a. 
Ferray, M. S. [3] 3, 900) ; (2) ppn. of Bi chro- 
mate from nearly neutral solutions by K.-CrO^Aq 
or K^Cr.O^Aq ; (3) pptn. of Bi phnspliato by 
standardised Na jirO^Aq ; (4) jqm. of ]ii 

oxalate, conversion into basic oxalale by boiling 
water, and titration with K.Mn.O^Aq ; (5) ppn. 
of double oxalate of Bi and K by standardised 
K,C, 04 Aq and detenu i nation of residual K .C .O^ 
bv K,Mn..O«Aq (Pattison Muir, C. J. 20, 483 ; 
32, 674 ; 33, 70 ; (with Bobbs) C. J, 41, 1). 

Chemical Relations of Bismuth. — Bi is the 
highest known meinher of Group V. ; this group 
contains the following elements : — 

l'ren$erift 2 4 fi 8 10 12 

N = 14 V*61 Nb=9i l)i = U2Ta = 182 — 

Oddaetiea 3 6 7 9 11 13 

P = 31 A8=74 Sb=120 Er~lG0 |]i = 2U8 ~ 

Taken as a whole these ehunents are negative 
and theircoinpounds with fl and ( ) react as acids. 
As the group is ascended the m .'ativo charac- 
ters become less marked until Hi is reached; 
omitting N, the oxides of the even sere s 
members, so far as known, are sail forming in 
their rcaclions with acids; but in tin* odd series 
members those oxid<'s, on the whole, arc salt- 
forming only in their reaiMions with bases, until 
Series 9 is reacdied, w’bon the character of the 
oxides Mp, becomes deciilcdly basic. The • 
oxides M X)., on tii** whole, an* acid-forming, hut 
tlic acidic functions of BiX), are very bchh*. 
Halts formed from acids by replacement of Hare 
obtained in Die cat^es of l)i, lir, and Bi ; but 
most of thcsaltsof vanadium, and many of thu-e 
of Bi, seem to contain groups of tin' fnrm 
acting a.s tlio more positive part of the rail; 
several .salts of tlie normal type, c.g. Bi.;iNO,. ju’c 
I iowGver known and several normal I’.r and in , 
salts liavo been prepared. Vanadium i.s cliaruc- | 
tcrised by the great number of ccmiph.'x com- ^ 
pounds into whicli it cuter?, Bomelimes as f»art 
of the positive, sometimes as part of the in ga- 
i,ive, group of the salt. Considering thoeornposi- 
tionsof the iialoid, and oxyhaloid coiiipounds, we 
find that, so far a.s investigation has gone, coui- 
]a)unds of the form MX , and MOX,, where >' 
a halogen clement, exi, I when M i.s any njejnla r 
of the gro!ip except Bi or As |N i.s omltied us 
there is rntudi doubt eone< ruing tin* coinpo-ition 
of its lialoid compound.*i). arid in the ra'^e of As 
compounds of AsFj with K I ', A e., seem to exi- 1 ; 
the compounds BiBr_,((kll >, end }hCJ.a(’„n ,i, 
are known as solid.s (Michaelis, B, *J(i. rej). 
The haloid compounds BiX^are h.:-s easily oxi- 
dised than the corresjiondlng compouml.. of V, 
As, or Hb. The basic chaiar}< r o^lie oxides of 
bismuth, the existence of many .‘•alts in wbieh 
Bi acts as the metallic element, the sta)*i!iiy of 
the haloid compounds BiX, and t):o non exis- 
tence of BiX„ the non-exi.st..nce of any com- 
pound in which Bi.Sj acts as the regative 
radicle; these, among other proj-erfi* ^ .‘^b- w 
that Bi must be classed a? ti:e lii-nnr*'- 
metallic clement of Group V. Ibit t'ne heb.'y 
acidic functions of Bill, towar>ls ^tr^ng a.i. ilis, 
the readiness with which so-cahe i ba«i«’ .‘^alts of 
bfsmuth are formed, the fact that Bi/i^ and 


fonu so ooRMpondinff li&Iiiif tYio ctiitto ii oft 
ql several complex oxyhaloid comi>ounds ; these, 
among other properties, show that the genera) 
nou-metallio character of Group V. to some 
oxtedt Wlongs to Bi. 

I * Bismuth, Alloys of. Bismuth alloys with 
j' many metals when molted with them; these 
I alloys are ciiarjictcri.'^cd by low melting points, 
and,«inajiy of them, by tlic <*\pansion which 

• they undergo us they cool aflt-r b< iiig iu» l!(*d. 

• The most tochnically iiupt'rtant alloys are ; - 
I Xru'ion's vu'tul; 8 parts Bi, Ti* Bb, nod 3 Zn, 

; M.B.-91'"-5: Rose's virt.il ; C Bi. 3 Bb, 2 Sn, 
i M.B, - 91^*6 : BoOif'.s met.il ; Jd I'.i, 8 Bb, I Sn, 

; 3 Cd, M.I*. 08- ; Fu.'iible metul] 2 parts Bi, 
i 1 Pb, 1 Sn, M.P. 9.‘J’'7; thi.-! alloy expands 

from 32 ' to 95 contr.acts gradually to 131'^ 
when its volume is less than at .32'^, then 
j expands to 174 after which its expansion is 
I uniform. 

i Avuilijams of Bi are easily fornu’d at or- 
j dinary temperatures. Alloys with ou'/'cr an* 
j formed below* the melting iioint of (ki ; an alloy 
' of 2 p.'irts Bi with 1 part Cii hegin.s to expand 

• after soliditic.aliuu (Marx, S. 58, 170). An alloy 
of 3 ]iarts Bi with I part /no/ is mai^iielic. 
All(n>? of Bi and juillhiiutn nrv bard u.s i-.teel; 
with p.art ppoiiiry plitinum Bi forms an easily 
fusible! alloy which separates into Pt ami Bi 
when fused at a low red heat. Bi does not .alhiy 
with zinc; on mixing in<‘lted Zii iitid Bi two 
layerrs are harmed, one eoiitainiiig a little Bi and 
nuieh Zn, the other much Bi ami little Zu. 

Bismuth, Bromides of. Only ojuj hnunide, 
BiBr„ has been obtained with cert.iinty; but 
many f.iets point to the exi.steiice <»f a lower 
biornitle, probably BiBr,. 

TamuoMii'K. BiBr,. {Bi muthous hromuJe.) 
.Mol. w. unknown, but probably as r/ presi nted 
by formula. (21M--21.5‘) (Batiistm Muir, lb J. 
2'.t, Ml). flB tween •1.54"’ u. -198‘) (t.'arnelley a, 
Wijli.ims, C. J. ::3, 283). 

Fornuitim . — i. By heating puwderi i| Bi in 
CO. ehargi-d with Br vapour. 2. By /idding 
powdered Bi to a solution of Br in dry ctlier, 
utid e.aptualing in vacuo. 

-1[, jiarts Br an* allowed to 
flow, in Mjiail .sucoe.s.sive <piantit ir,*;, 1 

part powdered Bi in a Kin.'/ll it tort with the 
Im ;ik tilled upwards; w}i<*n the mass is cool, 
tie* r«:1ort is rcri/ j/e;.*//// wanm'd for sojun diiys, 
jiiid fnun tim*’ to time ,i fowdr''p -"t Br are ])oorf*d 
tiiti.> the letort; tie.- liro!iii*l>* foijiis in y litjw 
eryfals a little distance above the healed 
ma.^-. ^ , 

I'r u.rlirs and I^cactinns. GoMci yellow 
< ry*-.lal.*i ; S.G. ^;5*4; verydeli<].n*KC< nl; K(dublo 
in dry frther; d<‘eo/upo;a'l bv a- /fir to BiOBr 
ft/vl liBiAq; ]arli/i!ly r<-<^u;'.‘l . Bi by iieatii/g 

in hhiio.jin; beal'-'l with Bio bitiii^ BiOBr; 
by .*■■ tieUi of ui!f‘ :cn obt.i .!( d by jiejiti/*^' 

aiaivh with IINO,A?j the oxyljniwmb* f5i,,0,j!r, 
is pro iuefd; nm liarig< d wlieo )i<al! I in (iO.^ or 
H(H; rr*acts with annu-iniii, u’-en le.itcd in tliat 
g.e', to form (1) JiiBi , 3N]{, v.hiidi i;; a straw- 
yedow ]towi.]- r, Kohible in IB'iAfj uml yiel'ling 
BjBr;.3N]l,C).n 3) by ova) oiation over 
(2) probably BiBr,,.2NH , an olive-gneri Holiij; 
(.3) an a* h-gn y, rry* talline, infiisiiib', xolid, pro- 
bably BiNylir. Tilt; I r.'iO'i i:ei 2L!iBr;,.5Xll| is 



pbtoilted (lOdAg 

d^r, bjr heating to dull redhesi in dry 

BH, (Pattison Mnir, 0. X 29, 144 ; 16, 27). j 
K solution of BiBr, in saturated KGlAq deposits 
crystals of BiCljBraK,.l^HjO (Atkinson, 0, J . ! 
48, 202). Does not combine with Cl. *1 

I)iniioMi[>K. -Probably Billfg or Ili.^Br,. In 
prepariiiK BiBr, dark f?rey crystals are formed 
if there is a dcfieit of Br; these contaia Br 
nearly aj'reeinf< with the formula BiBr.^; on 
heating they give Bi and BiBr,. Weber {P. 
107, fiOO) obtained a brown mass - probably a 
lower bromide than BiBrj— by beating BiBr, 
with Bi; Macivor {G. N. 30, 100) obtained a 
dark grey solid, melting at 198®-200^, by heating 
Bi and Br. 

Bismuth, Chlorides of. Two chlorides are 
known, BiCl, and Bi,^Cl^ : all attempts to form 
ft chloride with more Cl than BiCh have failed. 
Botli may he obtained by the direct combination 
of Bi and Cl ; Bi.Cl, is separated into BiCb,, Bi, 
ftnd Cl, by heating; BiCh is reduced to lii-^Cl, 
by heating with Bi, or witii llgXL 

TKioirtioaioK. lliCl, {likmuPuma chloriile). 
Mol. w. 314. [227'^1 (Pattison Muir. G. J. 20, 
144). (427^^439°) (Carnolley a. Williams, O. J. 
38, 281). 

Fonn/ition.—l. By heating 1 part powdered 
Bi with 2 parts HgCl.j in a retort.— 2. By dis- 
solving Bi./h HC1A<|, evaporating to dryness, 
heating in air and then in a retort. —3. By 
heating JILO^ in dry Cl, 

Preparation. — I’owderod Bi is heated in a 
current of dry Cl, in a retort with the beak 
tilted upwards and furnished with an exit tube 
passing into cone. when a light yellow 

liquid bus been formed, the stream of Cl is 
slackened and the retort is very gently heated 
for some time ; crystals of BiCt, sublime on to 
the u[»por parts of the vessel. The crystals 
may be distilled into small tubes current 
of dry N ; the tubes are at once sealed; 

Propcrtic'^ and Jieactions. —White, very deli- 
quescent, crystals, melting in Ct to a pale 
yellow liquid; H.G. -tl® 4-r>0; soluble in dry 
alcohol. Healed in ntr between tw«i watch 
glasses part Htd)liincs and an oxycldoriilo - 
BijO.,Cl, or Bi,(hCl, remains, 'riie same nxy- 
ohlorido is obtained by liie action of nitroiji K 
ox^utes (from starch and HNO.Aq) on BiCl,. 
Heated in hydrogen Bi.(3. and Bi are formed, 
at a higher tomperature all Cl is removed. 
Decomposed by water to BiOCt aiid HClAq; the 
amount of cliango depends on the relative 
masses of BiCl,, HCl, and H/), and on the 
time; when tho joi^^ding bodiis are mixed in 
the ratio BiCl,: 2(11101; l.‘>,(.u)0 Jl^o a little 
BiOlj ivniains unchanged even after 14 •lays 
action (c. Pattison Muir, C. J. 3.'», 3U ; Oslw.ald, 
JT. pr. [‘21 12. 201).,. Healed with sul}diur 
BiHCl is formed (r. Bismctii sri.rnecni.ouiM;), 
Not acted on by CrOXl.,; scarcely acted on by 
SO, ; d(ws not combine with Br (P, M., C. J. 
89, 83). 

Combinations. — With ammonia to hnni 
(1) 2BiCI,.NHj|, a rod, fusible, crystalline, 
solid; (2) BiCh.2NH,, a poenish solid; p) 
BiCl,.8h'H,, a white, volatile solid (l)tdi6rain, 
C. B. 64, 724). Tho.'io ammonio-chlorides by 
treatment with HCI.\q yield compoumis of the 
. form xBiClj.yNH,Cl, where x varies froml to 2, 


aJbo wiiai todktm 
chlonae forma ooirrespoiiding salt with 8BLO'' 
a solution of Bid, in hydrochhxrui daid 
when evaporated gives needles of Bidt.2Hd 
(Jacquelain, A. Ch. [2] 62, 36.3). 

DrciiLowDE.-Probably Bi^Cl*. Mol. w. un. 
known. 

Formation.—!. By gently heating BiCl, in 
H ; but the product is mixed with Bi and BiCl« 
2. By heating BiCl^ with Bi (Weber, P. 107 
o96).-3. By heating BiCIa.iNII.Cl in H to 300* 
(Schneider, P. 96, 130). 

Preparation.-— A very intimate mixture of 
2 parts HgCl with 1 part extremely finely 
powdered Bi is heated to 230'’-250^ in a closed 
tube for some time ; the mixture melts to & 
dark brownish black liquid, and Hg (with a 
little Bi) collects at tho bottom of (lie tube; the 
sides of tho tube are tapped from time to time 
to make tho Hg settle ; after cooling tlio Bi.,Cl, 
solidifies over the Hg, it is rcrnov-ful a.s quickly 
a.s po.ssible to anotho^ tube— which is at once 
closed - and again melted ; this process ia 
repeated several times ; nearly pure Bi.^d^> 
containing a very little Hg and Bi, is finally 
obtained (Schneider, P. 96, 130). 

Properties and /icoefioui’.- Black, or nearly 
black, extremely deliquescent, solid ; with water 
forms BiOCl ; with pohtsh gives Bi,^0, which is 
quickly oxidised to BLO^i.xH.^O ; with diluto 
mineral acids gives Bi salU andBi; heated to 
about 300^ gives BiCl, and Bi. 

Bismuth, Cyanides and Ferrocyanides of, 
V . Cyanihes. 

Bismuth, Fluoride of. Only one fluoride of 
Bi has as yet been prepared (Pattison Muir, 
HotTmoi.ster and liobbs, C. J. 39, 33), BiP,. 
Mol. w. unknown. 

Preparation.— I . Bi.p,, is added in small 
siKmei'.sive quantities to HFAq heated in a Pt 
dish until tlic oxide eeascs to bo dissolved; tho 
liquid is decanted and evaporated at 100^; tho 
j residue, BiF.,.3HF, is warmed at about 110*- 
. 120" in a closed Pt crucible until dry, and is then 
heated (in Ihi? closed crucible) so long as HF is 
evolved. — 2. Kxcos.s of saturated KFAq is added 
to a solution of Bi(NO ,)3 in the minimum quan- 
tity of di’jute HNO.,;\.(i, the pp. is thoroughly 
wadird with boiling water, dried at 100*, and 
lu ated to dull rodne.ss in a closed Pt crucible. 

, Properties. - Grey, heavy, cry.stallino, solid, 
^ S.(r. .'>•.33. Unacted on by icaicr; insoluble 

I in alcohol; scarcely changed or volatilised by 
heating to redness in oiien Pt dish ; not oxi- 
dised by heating in nitrous oxides (from starch 
j and HNO^Aq) ; dissolved, with decomposition, 

. by hot HCl, HNO„ or n^SO^Aq. Combines with 
; IIF to form BiF,.3flF (y. supra) which is a 
'•erystalline, g^yisb -white, deliquescent solid, 
•b'foi;jposed by boiling water to BiOF (v. Bis- 

, Mini •'x^KLUoiaoK). 

! Bismuth, Haloid Compounds of. BiF, ; 
I BiCl,, ; BiBr, {? Bi.,Br,) ; Bil,. The V. D. 
; of BiCl, only has been determined; the other 
I formulte are probably molecular. Bi^Gl^ and 
I BijBr, are decomposed by heat to Bi and BiX,; 

the others are unchanged when heated out of 
I air ; heated in air all except BiF, are more or 
I less oxidised, BiGl, to the greatest, and Bil, 

I the least, extent. Bil, is a very stable 


: iimiidiHi'air • MciattoM or ; 

inoiimsffof; And losiioi or). 

. Hydratod oiidas, or hydrosidM of, 

tr. BtmnTR, oxides op. 

Bismuth, Iodide of. Bil,. Mol. w. uul^own ; 
probably as represented by fonnulu. 

Womuiiion. — 1. JJy liealin;» urj iutimato 
mixture of 1 part 13i!s, with H p:\rt^; I, in a 
large, loosely coveinl tla^k, an^l the.i heatin:; 
the sublimed Biljat 100 • to rom-ave J (Seljuelib r. 
P.09, 470). -2. P*y dropping KiONt), in dilut'* 
HN()j.\<| into eone. K1.V(|, di.'iolving the brown 
pp. in fairly coiio. l£lAi|, and ppg. Jlil, by as 
little wat- r a-; po-'.il)le imin.-Uborg, P.18, lOG), 
doing pp. at 100 and removing free 1 by one 
or two wasiiiiips with uhsolute alcohol. -.‘1. By 
the action of HlAf] on Hi 

Prep iriiiim. -An inrini.ite mixture of 1 part 


bydn^oxkUi otBiartM^iws 

containing less 0 than Bi,0, Thomson 

Phil Soc, ld41>49, 4); HoinU {P. 
<»3, 5*>, 559) ; Schneider (P. 88, 49 ; 97, 480) \ 
Arppo {P. til, 237): Vogel (KastnePs Archw^ 
‘Jd.st;) ; Ik'r/elius {LcJu’buch, 2, 57 i [5th ed.]) ; 
SohilT (A. 119. 331); Pattisoii Muir (0. /. 
.32, V28). -2. On oxido.s containing more O than 
lli.O, : "Jacqiiolaiii [1838J (t/. ;»r. 11,1); lieintx 
'Irtllj (i‘. lU, 559); Arppo (IS|51 (1\ 01, 237) ; 
Bdttger [1858] {J. pr, 73. 19I) ;. Sehidd. r [18G3J 
(.4. 121, 201); IhuMleker lJsr. > (.1. 12.3. (U) ; 
Wernioke il.870J (/». 111. 109) ; c. ll.dTuiann, 
fl881j (.1. 2-23. no); I’allison Muir [ls7l» to 
IBsiJ] ((’. J. 29, 111; 31, 21; 32. 128; ibid. 
39, 21 [with HotTineistera. Uobb.'ij ; 51, 77 [with 
Carnegioj) ; lla.- ebrock [IS87] (7», 20, 213). -3. 


Biwith 2 parts I is g. ntly heated in a Ha de with j On — Bonsdorff '( / *. 4i, ’305); Fiudis {S. 

a long neck pas.sing into aimther llask ; the i »]7, 429); Stromeyer IP. 20,. 553) ; lii(d)ig 

imuth 
oxuU of 


Bublimato i.s linoly powdcnul and again healed [ Pharm. .35, 114);* rattison Muir (l.c.). 
in the same way as h(‘f‘)iv ; 1 his Is repeated once I Hvi'oinsMi'Tiioim oxiuk. Bi .O.^ [Bin 

or twico ; anrl fhially tie mass is distilled in a o-afe. Bismuth di.n’idx. BLuk oxix 
fairly rapid current nf dry CO. {\\\'hcr, P, 14, bismuth). 

113 [slightly mudiiie I ). 


Propi'j-tit'S (lud li':[ 


Pr,'p \ruilon. - mi.vluro of 1 part SnCl, 
d 2’.i part; Bi.O, is dissolved in n.s little 


, ^I'u'.tison Muir, and 

llollrneister u.li ihlis, i'.,!. ;>9, 33.) Dark !’.rey, ; fairly cone. JlClAq ;is po^.sible, the solution is 
WotaMike.lM Ui’oiis.ciy .tal - ipcohahlyhex.agoiial, 1 poiircl intoaucxcess of KOHAr] (alKiut 1 KOII 
NickbVs, 50, 872) ; 8.0. 5 05. S. (aloolnd in JOA.j) in a .sft)ppered lla.sk so that Iho Husk is 

at 20^) c. 3 m. Unchanged in air \ he. tied in i nearly Idled with the liquid; tlie stopper is 

air a very lilib' ]h (),is formed. Um ltaag* d by ; placed in tlm llnsk, and tlio black pp, is allowed 

heating in irjr.tp'a, or witli su>!>lnir, <.>r in | to .settle ; Ihe pp. i.s washed with cold KOlIAq 
sulphur .Slowly chan-red to liiOl by | (in air-fn e water) le.s-< concent rated than that 

a large quantity of cold ;r-Urr, m-.re quiekly j used in the ppn. the lla.-k heitig each timo 

by boiling w.iter. Very p.u Hally <Muverted into i m-arly tilled with the liquid, and tlicn with air. 


BiOI by heat in,' iii N o.xides ^froni starcii and 
HNOjAq). Ihlj i.s mucli mure stable than either 
BiCl.or Bilh-,. 

Com/*/uriHo;> u-\Vit h H [ to form I'd [j.IU. 1 1 1 .0 
(Arppe, P. 1 1,2 is). Wiili M I ( M .• Na, K, Nir,), 
and MI.^, (M ^Ca, Ba, Mgq /ii), to form <b ; .!o 
compounds is.unorphoii.s with the ooi‘re.sj)o)itling 
compound.^ of Shi., : oht. lined by direct com* 
bination of the iodide.s, or by acting on Bi with 
1 in prc.scnco of the io-liilo MI or Ml^; they are 
all deliqucscMMit, and aiv* easily rc.solvcd by water 
into their conipoaent ioilidea (NickUds, C.R. 51, 
1097; Uinan, P. Ill, 210), 

Bismuth, Oxides and hydrated oxides of. 
Four oxides aro known, Bip,, Bi,0„ Bi./)<, 
B 40 ,; as none has been gasilied, the V.D. 
and hence the molecular weight nf nono is 
known. Tho.^c oxides all react with acids to 
form the saint.- series of salt.'?, BiX„ where 

X » NOj, do. ; if much water is present, 

basic salts, usually of the form DiOX, are 
produced; in the rcaction.s’of BijOj with acids 
Bi is separated as metal ; in th< 

BijO, and Bi^O, oxygen Ia ovolvetf 


is slightly soluble in very cone, ijoiling 
but no 8alt.s have been c^-rlaiiiiy obtained in 
which the acid radicle is compo.sod of Bi and O, 
BijOa is easily oxidised to Bi.O, ; BijOjand Bi/J^ 
are deoxidised to Bip, by Inrating in air or 
oxygen to about 320’ and 250^ rL-spectivcly ; 
Bi^O, is unchanged when heated in air or 
oxygen. BijO, is not hydrated by contact with 
Wi^r; Bi^O* and Bi^Oj are hydrated in moist 
ilr» in contact with water they are partially and 
ilowljr deoxidised to hydrates of Bi,0,. 

" I. 


fn-c, wah-r ; it is then quickly dried by pressing 
bciw. cn li!(* r p.ijx.r, and placed over in 

/•./ u/u (Schneider, P. 88, 15). 

Pii’pt I til's (vii /feuefion.x. - Black, crystal- 
line, powd.-r ; Ixgina to oxidise in air at about 
180 ; ,at .« .» he;it quickly oxidi.sed to Bi./), ; 
o.xl'Ii^•edll) Hi 9.),..cfBO and Bi^O,.;rll^() by boiling 
with K(Ul.\q nnd Jh*; oxidised to Bi 
by K.Mn/UAq; wb »i moist, Bi./), is rapidly 
oxidi-.-d in air to Bi <U.21IX); oxidised by con- 
lact with a very little 11X0, Aq, decompo.sed to 
Hi.i.GXO, and Hi by more llNO,Aq, dissolved 
entirely by a considerable quantity of tlio same 
uu>l ; dccomp(».sed by llOIAti or H^SO^Aq to 
Hid,, or Bi Kiil|dial.e, and Bi ; deoxidised, to 
Bi, by heating in 11 or CO; decomposed by 
boiling Kf)IiAq witn formation of Hi (Schneider, 
f.c. ; I'.ilti.son Muir, l.c.). No hydrate of Bi^O, 
has boon ib-finiUdy oblained. Solution of Bij,Oy 
in tartaric acid is said to give Hi^H, by reaction 
with II_,S (SchneiderJ, v. Bis:.inn{ wsuLPinnE. 

HisMiM Murs oxiDB. Hi/>, (JSismuth trioxidc), 
S.H. ( 12^-97'") ■0i;«9 (Begnault, A. Ch. [3J 1,129). 
reactions (if «S.O. -8‘21 (llerapath, J'.dl til, 321); 8-08 
Hi/),,.,^Hp . (IMayfalr a. Joule, C, J. Mon. 'A, 57). Occuri 


,0.,..rH/J . (IMayfair a. Joule, (J. J. Mem. 3, 57). Occuri 
KOllAq, native generally ossociakd with oxido of iron, 

2; 1 . ' El s: 1 i>-. 1 j: ^ .... 


Formation.—l. By lioating Bi in air or 0.— 
2. By ppg. Bi nitrate or chloride solution by 
excess of alkali and boiling ; tliua prepared 
always contains some oxynitrato or oxychloride* 
Pteparalion. — 1. Basic Hi nitrate, obtained^ 
by ppg. solution of Hi in lINO,Aq by large 
exc<'.ss of water, is heated in a Pt dish with.. 
constant agitation until oxides of N aro no 
longer evolved. If this oxide is fused with 
KOll it oryslailisos on oooling in rhombia 

L h : 



tl4 


BibBM, aike-amil-m (KotSenaiaU, P, 

114, BiOCl (a.o^ If ibakda lor romo 

timo wito rerr eono. EOHAa, on til the change 
to BiaO, and KCl complete; the if 

wa«h<«l with cold water until quite free froqi 
KOU and KCl and dried : the oxide may be 
thus obtained in dintinct cry.HtuI.^. 

Properties and Heactions.-- Heavy, yellowish- , 
white, solid ; unchanged by heating in aiV or ! 
oxyijen. HiHsolvoj in acids to form 13i salts 
lliHsrUTH, SAi,iti or). llFAq heate4l with 
Bi,0, dissolves i/urt of it as Bil‘’,.3llb' and 
converts the rest into liior.’JilC; liXAq (X - Cl 
or I3r) added to little by little converts tlm 
whohf of the Hi into BiOX, on addition of inoiv 
HXAq the BiOX dissolves ns BiX, ; with a little 
lllAq Bil, is alone formed, if very dilute HIA<i 
il added and the temperature is raised BiOl only 
ift produced, with considerahle excess of fairly 
corio. I1IA<1 Bil, is formed ,m I di ^solved. Ileufi d 
in chlonuti, BiCl, is formed; witli bromine. BiBr, 
and Bi,,0„Br, arc produced. Heated in carbon 
niorwside reductioji begins at about ‘200 \ and 
in hydroyen at abont 2 10 '. 10/), is not hydrated 
in moist air; nor is it altered by contact with 
water. Unchanged hy healing in nitroyen. 
Oxidised to ]h./),und Bi.,0,hy action of chlorine 
in presence of nmeh hot K0I1A<| ; scarcely o.\i- 
dised by K ..Mn/3,A<( (u. further HYroiii.sMUTUK*, 
and Bismutiiic, omok). 

nYJ»uATKn nisMtJTimus oxime. Bi.Pv^UP; 
««!, 2, and 3. The hydrato with ‘ilfXJ is 
obtained by dissolving BiX)j.»‘Il/) in cone. 
1ICIA([, ppg. by KOUAq, ami drying over 
ILSO4 in vacuo: the hydrate with I[._,0 is 
obtaitied by dissolving i3i.j0,.ull/) in conc. 
H,SO„ reducing by 80^, ppg. oy KOlIAq, and 
drying as before (B. M., J. 3‘2, 1H1). 
Bi,0,.3n 0 is very diOiotiU to oldain quite free 
from oxy- salts and Bi./).,*, pps. formed by adding 
KOHAq to Bi,0, in IICI, HNO,, oihI/^SI),, and 
washing with cold water, always contain Inusio 
chloride, Ac. ; if waslu'd with hot water they 
contain Bi/),. Nearly pure Bi./),.311..(> is (d»- 
tained by dissolving BiX), in the minimiiiu of 
UNOjAq, pouring into excess of e«uic, NH,Aq. ; 
washing with cold water until the washings 
contain no nitrates, then repeatedly agitating 
with very dilute NasCO;,A;| (to deeonipose tnns s 
of basic nitrates), again washing n-peatedly , 
with cold water, and drying in racnonvrr H .SO,, i 
The hy<lrate8 at BiU, are •white soli«l.s. ea.sily 
dehydiattMl by heat, pn tiiilly oven by eontuct, 
with hot water; Bi.U;, does not directly com- ; 
bine with watc’r. Tlie hydrates behave towards : 
Bculs and oxidiser# similarly to Bi.,(\. Nono 
of tl'.e.se liydiato.s sluiww the slightest in- 
dications of noidio functions. Thomsen gives 
the tlicnnal values [Bi*, O*, dirO]- 137,710; ! 
[BilVH\HClAq]«14,V'0, with formation of*j 
BiOCl f 2H,()Aq (Th. 2, 244). 

llTromsMCTHio oxiDK, ANi' IIti>u.vtk8 , BiaO,; 
BiaO,.HaO; Bi.O,.‘2HaO (Arppe, Schrfider, ! 
Biitlgcr, Wernicke. Pnttison Muir). Preparation i 
of /ii/),. BijO, is suspended in KOH.\q, S.(l. ; 
abt. 1*85, the liquid is kept nearly boiling, and 1 
Cl is passed in until the solid is dark chocolate- j 
red and quite Immogeueous to the eye ; the solid j 
is washoil with hot w}vt«'r until tho w*ashiugs are | 
neutral to litmus, kept in contact with dilute : 
UNO|Ai (I oouc. acid to abt. 20 water) until tho | 


doloor ^ ^ folid h»§ tmoieio broimlili>y«now 
(13-.16 botm) (to diisolve any Bj/). and*rediiea 
any washed free from ami boiled 

with conc. NaClOAq (to rooxidise any traces of 
Bi,0,) unlil a heavy, yellow-brown, powder is 
formed which settles quickly; this powder is 
washed with hot water until quite free from 
alkali and Ci, and dried at 180®. 

Jfydrates.- It the drying is conducted over 
n^SO, the hydrate Bip^.H^O is obtained. If 
Bi.O ..rllX) (v. inf, a) is treated with warm 
]INO^A([ until the colour is ornnge-yellow, 
washed, and dried over H SO,, the hydrate 
Bi^O,.2H.X) is obtainerl. These hydrates are 
also formed, the first by the action of ordinary 
air on Bi.O„ and the second (with 2H^O) by the 
action of moist air on Bi.p, : they part with 
their water of hydration at about loO®. 

Properties and Reactions. is a brown, 

ish-ycllow soliil; S.O. 6*0; d''oxidiscd (to 
Bi„Oj) and di.ssolvcd by fairly conc. HNO,Aq, 
or IIClAq, more slowly by conc. H.HO, ; slightly 
deoxidised by cont.uA with water in direct 
sunlight, oxidised to Bi.,0,,.j'H,X') by Cl in presence 
of hot conc. Kt )H.\q ; is not oxidised by ozonised 
O at 100 ’ MO/ heated in Cl gives BiClj and a 
little Bi/l/J/; heated in Br gives Bi Bra and con- 
siderable quantity of Bi,,0,,itr,. Heated in CO 
reduction begins at abt. 11)5' and tho change to 
Bi.Pa is conii)lcto at about 215®-2.50’ ; with H 
the correspomling temperatures arc abt. 200® 
ami 205 respeeliv< ly ; heated in air or in 0 tho 
temperatures are abt. 2 10® and 320 res{M;ctively. 
NiutluT of tho hydratc.s exhibits any decided 
nci<Uc (unctions. 

BiHMiTTim' oxiuE, AND Hyduatk, Bi,0| 
{Pi'imnttr pero.ride). IVi^^.H/) {Uismuthie 
acid). S.t'i. BlX)^ r>’'.)l7 (Braiiner a. Watts, P.M. 
1H81.02). S.V.S. 12. S.G. Bi./),.HX) r)-75. 

Preparation. Bi Xlj, or BiO Jb,, or BiOCl, is 
..uipemb'd in about 10 parts of conc. KOHAq, 
S.O. about 13H, the liquid ii; kept nearly 
boiling and Cl is passed in until a dark-rod 
hoirngetieoiis i-.olid is formed ; this solid is W’aslmd 
with hot water until the washings do not change 
the colour of led litmus paper and every trace of 
chloride is removed, it is then w’armcd for a 
very sluut time with a little cone. HNO,Aq 
until its eolouris scarlet, washed repeatedly and 
quickly with dilute lINO,Aq, eacli quantity of 
acid hoiug more dilute than the preceding, and 
then with ould water until every trace of Jicid ia 
removed. If tho solid is now dried over 
H.S()„ Bi.Oj.H.p is obtaim-tl; if this ia dried 
at 1‘20' BijOj remains (I'aitiso i Muir, C, J. 
31), 22). 

Properties ami ^Beaetion.'!. A red, heavy 
powder ; combines with water to form Bi^OylljO ; 
in contact wilj^much water is .shwvly deoxidised 
with,jwudm*tion of Ijvdratos of Bi..O, and Bi^O,; 
also dcpxiilisod by hot dilute HNO,Aq, giving 
first Bi..O,.2H.;0, and then hydrates of Bi,0|. 
Deoxidised to Bi,0, by healing in current of air 
or oxygon at about 250 ', and to Bi,Oj by heating 
in tho same gaso.s to about 305® ; reduction in 
CO begins at alK>ut 70®, in H at about 100®; 
re<luotion to Bi/), is complete in H current at 
about 215®, and to Bi/), at about ‘2.55®. Beaoti 
with Ch and Br, to give Bi(3, and a littlt 
BiaOyCl,, and BiBr, and a litllo Bt,|0,|Br|, 



Ometioiii; Bi/>rH^, Itovarw, ditwln* 
in about 100 patte of boilbig KOHAqao eon- 
eentratod that solidification begins the moment 
the lamp is removed; on cooling, dissolving in 
as little vrater as possible, and nearly neutralising 
by HClAti (or by expo.sure to air) yellowish- 
white solids are oblained from which all potash 
is removed only by very long-continued washing 
with boiling water. The solids dried at 10(i’ 
contain a little walt r, Hi, and generally rather 
more 0 than is nrquirt d by BijO,. Solutions of 
in very cone, boiling there- 

fore, probably eontain compounds «jf the form 
a:Bij0^.yKd>. In the preparation of BiJX the 
very cone. KOHA.; dissolves a little of the Bi,0* 
as this is formed; on nearly neutralising with 
HClAq a wliiiepp. is ulitained. which, Jifler long- 
continued washing with boiling water, consists 
of 13i ,0;,.3IL0 (I’aitison Muir a. Cartiegie, (7. ,/. 
51, 77). In the preparation of Bip^ a por- 
tion of the ])otasli is very obstinately retained ; 
the whole of the potasli can scarcely be removeil 
by wasliing witli lioiling water: compounds of 
thcr form a-BijO.-r/K/) are probably formed, but 
every atteini.l to is«‘.!ate tin- e ho liVs lias failed. 

Bismuth, Oxyhaloid compouuds of. Oxv. 
bromides, o.xyehloridrs, oxyiodides. and an oxy- 
tluoride, of hi^inuth have* been prepared. ;\ll 
the haloid i*oinpouinls JtiX,, wliero X - Ol.lh*. 
or I, are oxiilis.-d by heating in air; only a 
very little Biol is produi’ed )tv long conlinned 
heating Bil, ; BiBr, gives Bi,0,,Br,., as Bil’l., 
gives BijOjGl,. The same oxyhaloid comp'ininls 
are formed by the reaetion between N <»\ides, 
(from starch and liot HNt),A<j) and hot BiX,: 
tho oxidation is carried fnrtliest in the i-ase of 
BiBr,, in this euM- the whole or nearly the 
whole of the lia'oid compound may be oxnlised. 
The most stabb; haloid comjxnmds towards 
oxidisers are BiF, and Bil-. 

OxYBU.«Mrio:s. Tlir.-e.oxyln-omidesare kmovn: 
BiOBr, ]{i,,0,,Br,, and Bi,0, ,ljr„. i 

BisfuutJiyl broinl^h', Bi()l'*r, is [iroduecd by i 
the action of water on BiBr.,; or by beating 
together Bio, and BiBr, ; or by dissolving 
Bi.jpO, in IIBiAg (BiBr, is formed in solutimil 
and adding Bi_,(), little by little. It is a white 
amorphous powder; S.Ci. b'7 ; insoluble in 
water; unchanged when liealed to redness; 
mixed with charcoal and In ated in dry Cl, 
BiCl, is formed; reaefs with cold IlCl.Vq to 
form BiCl, an«I BiBr.,, with cold llIAg to form** 
Bil., and HBrAq, and with hot HFAg to form 
BiBr,, BiOF and BiF,.:{lIF. BiOBr heated : 
in NH, is reduced to Bi, and a little 
a BiBrj..7/Nll,, is formed, ,.r proljably-2 and y 
probably - o (rattison Muir, C. J. 29, 111). 

The o.rybrnini l,' Bi|,0,,Br^ Ts produced h/ 
heating dry Bi/J, witli excess of Br foj ronie ■ 
hours and removing uncomhinrd Br by warming ; 
in free contact with air. It is a cream-coloured, 
non-deli<pie.se, iit, amorphous powder : un- j 
changed by heating in air ; unacted on by i 
water; dissolved bv warm IIClAq and H.VO.Aq ' 
(P.M.,C./. 11.21). I 

The oxybromide Bidh.Br, ia produced (li hy I 
•lowly subliming BiBr, in contact with a little 
•ir; (2) by passing N oxidc.s (oi)taiu«'d by j 
heating starch and UNO,Aq) into melted BiBr,; : 


ia tha iM tiadiott 

oxidif^ in the aeboaa reaction moat p! the 
BlBrg is oxidised. Bi either oaae the product is 
washed with water and dried at 100'- . Thii 
j ox>1bromide it a grey, lustrous, orystalline, 
^‘owder; unchanged by water, or by li'eating to 
redness; soluble in IlCIAq and cone. llNO,.\q; 
slowly reduced by II, tinally giving Bi ; heaUHi 
in, dry NH„ Bi remains, ami a gr* > i>h green 
sublimate of 2BiBrj.o.\TI, is formal |l\ AI . (7./. 
ao, 12 ; 31, 24 ; 32, 10 1. 

Oxvcnr.oi;u>i-s. Thivo oxychlon.lcs, BiO.Cl, 
Bi.Oj.Cl„ Bi^O„Clj (or Bi,0,CI,j, arc known. 

liismuthyl chlori lt\ JhOt'l, is funned by 
adding water to Bi(M, in a litiu. HCiAtj ; or by 
pouring Bi.aXOjin J!Nt>,.V.| inlodilute NaClAq ; 
or by reacting on exc< ss of Bi t), xvith very 
dilute liCl.\q ; or by digesting a siilulioii of 
BiCl, ill llC’lAq with exej'ss of IB.d,, The ])p, 
is washed with eobl wuN r and dried at 100'\ 
Thi.s conip(>un<l i.s a white, liislroijs, ciystallino, 
jxiwder (known conimerelally as 'pearl white') 
Beads wilh cold IIBrAq to give 
Bin, ami BiBr, ; with cold lllAq to giv«' BiCl, 
Jiiid Bil,; with ii(.t lIFAq to form BiC),,. BiOF, 
and BiF,.3nF. Betlinaal to I'itM., by licating 
Uith cliarcoal in dry Cj (.laispielain. .f. pr. 11,1; 
Aippe, 1,2.37 : ten, /A III), 12'^; llmiitss, 
J’. b.3, o.'i ; I'atlison Miiir, (J, J, 3'.), .37). 

Till* o./7/.7j/,w /./, Iti.O/l), is said to bo pro- 
duct <1 by beat in;.' Bi)K’l to rednes.s (Arppt*). 

The o.r./, ;</,e /./.■ Bi,()d'.l, is formed in small 
(|u intitii s hy slowly snldiining BiCl, in eauitact 
wilh a little air, and in lai,'o (jiiantiticft by 
}t.ts.sing N oxides (Ity healing standi wilh 
liXO,Aq) into melttd Bi(’l,, Tint amilytioal 
numbers agree fairly xvitli Bi,()_,Cl, and aUo 
with Bi,0.,Cl,. The eumjKmml is a yellowish- 
while, hard, cry.st.allitje, solid ; nnclianged in air, 
or hy water or hy heating to redness ; solublo in 
liot lIClAtj or liN(),,A(j ; Itoiled with N/iOHAq, 
Bi/),and N.iCIAq an forn ed (|‘, M.,r. ,/. 32, 10). 

t )\Yi i.ro)!Mu-. ( ‘oly <»ne is kuiown, IlisuiHihyl 
iltixiiih', BiOF, IS oiitaiiie I by heating Bi .O, with 
large exce.ss of UFAq so long as any reaction 
(tecins, boiling the re'sithi'' with watt r until every 
traee of acid is removi il, and drying at 100 ’ ; if 
the washing is condnctetl with eobl water until 
marly neutral, Bi<)F.2HF remains; wlien tliiil 
is strongly heateti in a dosed I't criieible, BiOF 
i.s otitaineil in cry lalline form. 'I'lntliipiid ob- 
tained hy*ljoiling Bt.O, with JIFAi] evaporafed 
at loo"' givt s i!il ,.3HF ; when this .salt is laiilod 
witli water it ia rlowly decomposed to BiOF. 
BiOF is a heavy, white, crystiilliiie, powder; 
S.O. 7 ANbrii Hl'^ it forms the doubltt 
ctuniMUind BiOF.2HF. Jl* iicis witli cold UClAq 
to form Bid, and JlF.\t,; with HBrAq inform 
BiBr, and IlFAq ; witl^lJlA- to form Bil, and 
1IFA<| (1*. M., lltifTinciHter a. liobb.s, C. i/. 39, 21). 

OxYrurnnes. lii<mutkyl ioe’o/c, BiOI, is pro* 
dneed by boiling Bil, with H O in small quan* 
titicii, by fiubliming Bil, in air; or, .aim in small 
quantities only, by reacting with N oxides (from 
starch and hot HN<>,Ai|) on hot Bil,. BiOl 
a heavy, red, cry tailiuc powder, unchanged 
by water, or by healing in air ; by long-continued 
healing to bright ledness in air a very liitla 
Bi^O, is formed ; reacts with HCIAq, HBrAq, 
and lih'Aq, similarly Vo bUmuthyl chiorid# 

L L 2 
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KnciOMt esiyiodidet probably 8Bidl.4BiA» 
it obtained at a yellow powder by pouripg a 
dilute Bolntion of Bi3KO, into KIAq mixed with 
(I'Metoiier a. Cooper, P/t. IHH‘2). 

Bismuth, Oxysulphlde of. Accorilin'; to 
Hermann (.7. pr. 75, 45*2) tho coiniKinri'l 
iH foriiud by heatinj^ 1 part B with 4{*55 
parts lii./);, to low rfrlnoH.H in a retort; S.G, O-.'h 
A cornpo'inil of Hi, H, and 0, occurs ii : Kiin linitv. 
(said to l)(? lJi/),,S). 

Bismuth, Phcatphido of. No (h iinltc roiti- 
poutul has hceti isolated. lh*.r/.elin.s {Li-lirhuch, 
2, 58*2 15lh ed.]) rays tho two tdenn nts do not 
unite directly, i)ut that a phosphide is formed 
by leadin;' I'Jf, into Jii.fiNO;, solution. 

Bismuth, Salts of Tiieso compoimds are 
obtained in n few cases by the reaction l.i twei-n 
Hi and an acid, c./;. IJi.IiKO,, but more oem-rally 
by nsirif.; Hi.Oj.a ll^O in place of fti, or hv donlile 
deconijiosilion from ni.ltNO., in IIN<» Ai| or 
lli(d, in MC1A<|. lU .muth salts arc insohilile in 
water; they are deiiompo- ed hy water with 
]»rotliictii)M of so-called ha de suits: Ihes iUiof 
I.U may indeed he arriuij^ed in two chi.i-ies, 
normal and hasic, as types of which may be 
taken the nitrates and l>i<)..N()j, lo- 

speelividy. Many of llu'so basic salts are most 
fciinply r*'!, aided us derived from ueids hy re- 
])laci'iiiciit of II hy Hit); they are often i-ulleil 
liisinntliyl suits: <»th('r basic suits, however, 
ut present ul uny rate, are best representeil 
as compounds of ucid-forming OKi<le:t with 
Hi./),. All the basic nitrates for instance, ami 
many of these sails are known, helonj; to tin* 
general form .rniJ),.i/N^()^.If The salts «tl)- 
taiiied hy reactions between acidfl and theoxidc; 
Hi./h ami Hid), are the same ns tho e whieh 
arc formed when Hip, is used. Tim more 
important saltH of Hi are the nf7a^«^aml sii!- 
pluth'S, ul.'O bwniaft’, vhfoiitti', yh. 

p/m/c.s*, iurtrates, Ac. (o. Nituaiks, S: i m; vres. 
A'O. Ac.). 

Bismuth, Sclonide of. Hipe,. JU.iek, lus- 
trous, met 111 -like, lujivder; B.(». (5•8l}. Old .lined 
by pussiii;.; If .Se into Hi. UNO., in as little l(NO,Ai| 
BH po.ssibie, or liy heating tcgelher 1 part .Sc and 
T8 jiarts Hi, ami ii'peat.'diy melting the ju<*- 
(liict in imnljict with Sc. Insoluhlo in solution;: 
of alkalis or alkali-sulphide.s ; decomposed hy 
HNCt A'i ; gives up Sc ulu’iiWicafed. Comhim s 
with Hi( l,(ti. iiifni) (Jbrzcliu.s; Smincidcr, i*. 
1)1, 628). 

Bismuth, Sclcuochlorido of. HiScCl. 

( - Hi St'vHiCl;,). Farmed by adding powdt'rcil 
Hipe, to molten ‘2N lipWtiClj. Btcel-grcy, 
iiecdlc shaped, cry.'^tals. Heated in C<\. is 
separated into Hi .Se, ami HiCl, (Schneider, l.c,). 

Bismuth, Sulphide* of. One well-marked 
sulpliidc of Hi, Hi,S„ is known; another, 
H'i.^Sj.corn'.'^pomling to the oxide HiTH, probably 
exists. Attempt.-; to pre]>ai'o a sulphide vith 
more S than Hi.jSj have failed (Patti-son Muir, 
C, UU, PJ'J). Sulphide of bismuth does not 
react with more positive sulphides as a salt- 
forming compound ^comp. Schneider, .?f. [*2] 6, 
OaO Axilh r. M., C7. J. 33,1T2). 

Taisi’LrnrnE. Hi^S,. Occurs native 
ua Oi.'i/rtitJi S.(r. 6-5. llhombic forms, 

atbo* 1: 2881 i Uomorphoui with A8,S, aud 


is formci, and then ra^tedly beating thii 
with a little 8 : also by passing into an 
' acid solution of a Bi salt. If the pp. thuji 
obtained is heated with an alkali-sulphide 
I solution to *200^ tho Bi^S, is said to become 

• cryatullino. Steel-grey, crystalline, lustrous, 
solid: Htron.ely heated it is separated into Bi 

‘ and S ; unacted on hy alkali or alkali-sulphide 
solution.^. 

; Hismcth DrsMLpninK. ‘2Bi.j.S;.lI.,,0. Said to 
; be ppd. by H,S from alkaline solutions of BijO, 

; Sclineider (7^*97, 180) dissolved 8 grams Bi tar- 
tr.ilein the noeessiiry (pmntity of KOHAq, added 
air-free water to make up to 1500 c.o., then 
' *2 grains SnCl Jn KHHAri, and pus.sod in air-free 

■ H S until the li-iuid became colourless. Ho 
w;; died tlic black pp. with KOH.Vq and then 

, with II H (air-free), and dried at luO '. A black 
powder; lieeomos lustrous by compression; 
ib romposeil by heating into Hi and BijSj, by 
lIl.'lA'j into Hi, Hi(M„^i;id IFS. 

Bismuth, Sulphochloride of, v. Bi.sMorif, 

1 Tnio-HAi.oin r -MpouNDs of. 

[ Bismuth, Sulphoiodido of, v. Bi-s-mi tm, Tnio- 
iiAr.om coMPou.Ni'S of. 

Bismuth, Sulphocyanide of, Hi(SCN)„ v. 

Cy.IMI'F.S. 

Bismuth, Telluridc of. No delinito com- 
poiiml lias IxM'ii iMtlafi'd; tt'Iluric himiuth, 
approximately HiyS,.‘21>i /I’e.,, oceiirs native. 
Aeeonling to Her/.eliiis {f.rJithiiilt, 2, 663 
(otii ed.j) tho two (dements may bo melted 
togetlier in all i)ro[>oi tii)ns. 

Bismuth, Thiohaloid compounds of. Only 
two are known : FiSt '1, and HiSl. The former is 
ol'tiiined by the iliieet reaetion between HiCl| 
amis, but r.il,and S do not reai't together; 
wl#'n Hilh-j ami S aro healed together there aro 
imlieations of tlie formation of a thio- compound, 
hut none has yet been isolated (v. 1*.M., Tl. a. R., 
C. J. 31), 21). Tlio thio- compounds are much 
lesa stable than tho corresponding oxy- com- 
pounds; V. Bismuth, oxyii.m.oH) coMi'0(i.sn.s of. 

HrsMUTJi TnioennouiDK {aulphnchloriilc) HiSCl. 
Obtained by heating S with JhCl,, or by adding 
powdered Hi,.8., to molten 2Nli,Cl.HiCl„ and 
washing the luodnct xvith very lUlule lICIAq. 
.Small, im‘t:il-lik(‘, greyish, needles; easily de- 
composed into its constituents, ejp by heating 
i in CO^, hy 11, hy HClAq or llNOjAq, and by 
I nllc.alis (Sehneider, 1\ 93, 464). 

! Hi.sMirni Tnio-iomiiK (.s'u/p/i( hWb/r), BiSI,is 
! K.'iid to bo formed, as long needles, by strongly 
heating I, B, and Bi.Sj, placed in alternate 
i layers in a large evu^ihh? {l\ 110, 147). 
t Bi8muthic*^cid and BIsmuthates (so called). 

I Bi.Xd^H 4) is sometimes called bismutiiio acid ; 

• b(>dies obtained by dissolving Bi.O, in much 
molten KOH, or by saturating with Cl couo. 
KOllAii holding Bi.X)., in suspension, have been 

! described as bismuth.ates. But later cxporl* 

■ nients have shown that these bodies cannot be 
; isolated although they probably exist in presence 
i of much potash. The acidic functions of 

BiH,.II/) aro extremely feeble, v. Bismuthio 
oxruE under Bis.vnTH, oxtoES or, p. 515. 

I M.M.P.M. 



; iooiirn ftiiuvinm. 

Jnfmtttih iBoa»*]Mthjl eonpomidf. 

pi’thloride BiMeCL (242'’]. Obtainodb^ 
•dding BiM6y to an acetic acid solution o( BiCij. 
White plates. M. sol. alcohol and acetic acid, 
insol. ether (Marquardt, B. 20, 1520>. 

Di-bromidi- BiMellr,. -211';, FtMimd 
by mixing ethen al solutions of lU-Me^niul liillr^. 
Yellow powder. SI. sol. alcohol, benzene, aiul 
acetio acid, insol. ether (M.l. 

Di~tod tde JliMtd;.. [22r»^). Formed by 
he.atiiig iJiMoj with methyl iodide at 200 
Glistening red crystals. Sol. alcohol, si. .sol. 
acetic acid, insol. ether. 

Oxide liiMeO. Formed by adding Nil, to 
an alcoholic solulioji of the don'hle ctnnpouiid of 
BiMellr.jand BiJir,, which is ohtained as a yellow 
crystalline pp. on mi.ving etlwreal s.ihnions of 
BiMe, (1 mol.) and Hilo, (2 mol.s.) (Maitpuirdt, 
B. 20, lo22). White powd- r. Insol. water. l>!.s 
Bolve.s in NtiOlI and in dilute HNO,. Ignites in 
the air if gently warmed. 

Bismuth di-mclhyl compounds. 

Chloride. BiMeCl. [lUl ]. Formed hy 
passing chlorine into a solution of lUMe, in 
petroleum-ether, cooled in a free/.ing-niixlur*.. 
Wliite micro-cry-stalline powder. V. .sol. ulcoliol, 
insol. ether (Manpiardt, li. 20, 

Hydroxide liiMe,,((,)U). Forme.) hy the 
Rtdion of water upon tiie douM.; cumjwmiul of 
BiBr, and liiMe.ilr, which is j.pd. a. an oily- 
liquid by mi.\ing ethereal solutions «tf e-pia’l 
mols. of iJillr, and IJi.M.*,. Cry.-triUiue soli.l. 
Ignites in the air .sponlane.m.-ly! Di.-s.ilve:; in 
aqueous Na(>H. 1). e.-iupi^ed Ity a.iueous IfCl 
with evolution of ClI, (^larquardt, B. 20, l.VJ’J). 

Bismuth tri-methide Jh.Me,. Tri-i>!,lh;,l- 
bismuthine. (110 ). S.(i. 2-3 at {)!.♦. lined 

by slowly adding an etliereal solution of hi onuth 
bromide (2 mol.s.) to an ethere.-il ^olli1ion of zinc 
methidc (ratljcr more tl an .3 mojs.). M. ' ih; 
refractive liquid, of nni»!e;.sant pungent o io:ir. 
Ill the air it fumes un.l rapidly oxidises, wle n 
heated in the air it exp’m.l.'s \iolently. Volatile 
with steam, hut .ii'en'npi-se.s on long hoiiiii ' 
with water. I>ilute H_SO, or hav«! iitll.- 

action up ' >11 it, but eonc. HCl d)eompo-es it 
with evolution of Cll,and jnoduetioii of iJiCI,. 
It does not coml)in.‘ \sitlj alkyl lialoids or with 
halogens. Tiie ialter replaer3 Me foraiing 
BiMc.Cl, itc. (Murquardl, If. 20, lolT). 

Bismath mono-ethyl compounds. 

Chloride FiKtClj. Prepared by adding 
alcoholic IlgCl. to alcoholic I’ild., (y. ti.). 

Iodide liiKtL,. From the chloride and KI. 
Golden, six-sided jdates. 

Oxide BiKtO. From the iodide and }>.itash. ; 
Yellow amorphous powder, -takes fire in an. 

Nitrate J3iFt(NU,|^. From iiie oxide and , 
HNO,. Crystalline tufi.s. • j 

Bismuth di-ethyl br^mida BiEt Ur. Fdl-med ' 
bv dropping bromine into a cc> V-.l !-ornfimi of 
Bii:t, ill petroleum-ether. White p.jwder, V. a-jl. 
alcohol, insol. ether. Igniti-s in tlie air on warm- 
ing (Marqnardt, B. 20. Io20). 

Bismuth trl - ethido BiKt,. Tri - t/' /I- 
bismuthinc. (107°) at 70 mm. S.G. 1 -h2. 

Preparation.— 1. An alloy of Bi and K is 
maile by strongly heating hisinuth (5 pts.) with 
eraam of tartar (4 pts.). Thi j alloy is ire.it. d with 
£tl {Bre€4, A. b2, 100). -2. Obtained by slowly 


I (2moL) to an ethoroal solution of ZnHt, (raihbt 
; more th^ 8 inola.) (Harquardt, B. 20, 1519). 

; BWjfwr/i&r.- stinking oil. It cannot bo dis- 
tilled at ordinary atmospheric pressure, for on 
healing to 150'’ it detuiiatea violently; volatile 
with steam. Fmm > aed takes lire in air. V. sn). 
ahuihol, ether, and acetic acid. Its ethoKal 
sohftion exjioscd to air dt'i»osit8 Bi.O,Il 0. 
Forms mi.stuhlc comptuiml.s with n.m uu lals. 
Bibit .S.Bi^S, is a yellow .solid, iux'lsili’e in ivaf. 'f, 
Kolublo in yellow ammonium suljiln.ie. BiFt| 
throws down calomel from uKol olio llgCI., hnt 
wlu-n alcoholic HgCl., is added to alco’holio 
BiF.t,, crystals of BiKtCI. mav bo got; 
BiKt, . 2H;;CI, ..2IIgKtCl f BiFtCi; (Diinluiupt, 
.•1.22,371). 

Bisrauth-tri-phenyl PiiC.IId,,. Tri-yhcnyl. 
b:.smuthhie. [S2 ']. S.G, l-aS.M at 20 Fin im>d 
by heating bromo-he’i/eiie coniaiiiing sv>ni.’ acetic 
elhi r with an alloy of sodium ainl lusuiutli 
(10 jnc. Na). CohnirJo.s ne. dies or f.iblets. Sol. 
hot alcohol, !?i-aringly in col.l, v. st»l. i ther ami 
p- (roleum ether. By boiling with cone. IICI it 
i.-, completely deeompos.-.l into benzene and his- 
nmth ehlorid.'. It combint s with Cl,, forming 
the chloride jC’, II., IJliCL which crystallises in 
thiek prisms, [110^, sol.* hot alcohol, si. sol. 
ether and cold ali-ohol, v. sol. Ix'n.o'iie, not 
d.eomposed hy eoue. JK’I. Tim hromide 
(G„lI.djBiBr^ form j Ion,: pi i.-ms, [1 11) i, v. sol. 
benzene, si. sol. alcohol ami ctln-r (Micliai lis a. 
Weil/, 71. 20. oil. 

BITTER ALMOND OIL i*. Ai.m inus and 

Bk.v/oi. ..M.nr.iiM r. 

BIURET ( ,11 N,0. . Nll,.(:().NH.CO.NH,. 

Alh>t>hnr.tini.lr. .Mu'. , Kl.'t.' [IHO'J. S. J-25 

at 0 ; l -.M at 15 ’ ; I » .0 loii 

l- uo ./ .,■>/. 1, i . ii. ub d at 15ir. 170« 

until tile ui'-.lfil ma -.s in (.«.in< .• ]i:i ly and eea -es 
to give ol#N(I,. 'I be lin. lm-t i,-; i xliuelcl with 
hot wafer (Wieib-nianu, /'. 71, 07; llofui.inn, 
/«'. •!, 20-2), 2. i’y pa i". - .)|o \ap))ur of eyaiiiu 

acid into im-lte<l ur*.’ il iiiek, A, 121, .'bil). - 
3. Urea is tr.aLd wiili « i.!i.rine till the masg 
h. coijifa prislv (II.-pimmI 7^. [2j GlH ; 

7/'. 1, 17--). -1. l!y tbr a. iioiiof M I , on alloplianio 
cllier (11. a. !>.). 5. Ily la tting ' amido di- 

cyani.-a.-i<l’ (p. IC.:! with It .SG,(1 j)t.)and water 
|2 pt .) at bO -Tu’ (It.oieiann, Jt. H, 708).- 
I 0. By th" m tam of Mb, ujou Iri bronio acetyl- 
‘ urea (B:oy#r, .4. 130, l.'il;. 7. Hy healing uieu 

KwiiJi BCl, at loo'"-' (V ejlh, 10, H. By 

mixing diinlo solution.^ of m< a and potassio 
cyanate, aeidifying with a< - lie arid, evaporating, 
adiling a liflle II ..So^uml . xtia -ting witli alcohol 
(hrechs.-l. y. pr, 12--^. IV2l. 0. By el'-elio) Y,^i« 
of a Solution of .Ml,, u ing caibon < b clroilet 
,(Miliot, !:!. '2] 10, 21 f). 

7 V-o ,o i-nve — liong lut-dle.; coutaining nq)» 
or hmg anhydiaeis l.-tininat (fiui i alcoliol). Split 
i:)> by he.'it inio NII^ uiol e^ij.i iric acid. iJis- 
s<ove.s unchan.-ed in cold cone. ll^SG,. Its 
soiution is not p))d. hy sail.< of lead or silver or 
hv tannin. A l.ttio 'Uu.SO, followed by koil 
gives a (h( p violet .'ioliilion.. 

I{earAioiu{.--l. .\t B20'’ it absorbs HCl form- 
ine B'jUCl whicli at 160°-17n^ in a current of 
HCl gives H/7. CO, guanidine, cyanurio acid, 
and urea. 2. Boiling cone. HClAq forms Nil*, 
urea, and guanidine. —3. Boiling baryta-wat§f 
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fonni CO^, NH„ and nrea.--4. With NaClO it 
evolvrs j of its nitrogen, with NaBrO it evolves J 
(i'Vfjtoii, C. J. 35, 14).— 5. UNO, gives CO^ and 
NjO in equal volumes (Franchirnont, R. 21 C. 
fi, 210). 0. COCI,, at 00"* forms carbonyl*di« 
biuret (C JI,N,();) ,C() (K. Hchmidt,/. pr. [2] 5, 
47) ; a crystalline jiowijer, v. si. sol. cold water, 
insol. alcohol and ether. Thi.s body is converted 
hy boiling baryta- water into urea and cyanifric 
acid ; and hy COCI. at 140'^ into cynnuric acid ; 
IhdN'O,).. givr-s, ill hot dilute solution, a pp. of 
CJ1,N,0,;}11)'0. . 

Halts. ]{'..HC1 ; decomposed by water. — 
Ag,C,ll,N.,0,: ppd. by adding AgNO^ (2 inola.) 
and Nll,A(i to a Huturated aqueous .solution 
of biuret (I mol.); sol. HNO^ and Nil^Aq 
(lb)nri('‘ a. (ioldenhcrg, Ji. 7, 287). - Cyan urate 
li'C,NJI,0^; needles; formed on crystallising 
binret from wah^r. It has probably been mis- 
taken for urea eyamnale from which it dilTers 
in yielding with baryta water, harimn cyanuruto 
and biuret, in giving olT .‘t atoms of nitrogen as 
ammonia wdieu lu-ated with hurinni hydrate 
(urea cyuniirale yi.-Ms 2 atoms), in giving olT 
14 H ji.c. nitrogen with sotlium hypohromite, 
(while urea eyaniiratfs gives 11-ri p.c., both re- 
suits corresponding to 2 iitomH nitrogen) ■ 
(fler/.ig, i/. 2, HI). ^ 

Biuret dicyaaamide C,1I„N (). ie ! 

Nn((X).NIl.(.;(NlI).NII ,),. From* uUy] - urea i 
(2 pts.) and guiinidine curhonate (.''> pt.s.) at : 
11(1 ■ ir.(H (Ka.sinski, ,/. p,-. pjj 27, 157). Amor- 
phous suliilancc, V. sol. acids and fixed alkali.s, 
insol. Nll.Aq. Does not give the biuret reaction 
With CuSO^. 

BIXIN (hjf ,,0,. (17ti'^]. A colouring mut- 
ter contaimsl in animtto seects {Hira orrlldtui) 
(I’reisiK-r, A. 52, ;{H2; Hiraidin../. /7/. 12121, 174- 
Holley a. Mylius, LiL [2J 2, 220; Stein, J. pr. ■ 
102, 175). • i • 

RniHiration. - Aniiatto (1,500 g^ i dige.ste.l 
at mr with aleohol (2,.500g. of K() p.,,.) with 
addition of Na,(U), (l.’.o g.) ; uftor filtration, the ' 
residue IS again digrstrd with aleolud ( 1,500 g. ' 
of fit) p.c.). 'file mised filtrates are ppd. by 
ojlding h.ulf Ih.ir hulk of wafer and eom\ 
Na.l t),Ai|; the ppd. sodium-hixiu i.s dis.scdved 
m alcohol (t>0 [<.c,) mi,i re-ppd, with Na..CO.,.\q. 
fhe sodium hi\in is |!.rn deeomi.osed by il(’i ' 
(Ml, 1 1. Mill ; 7. I lii). ^ 

J’lop, 's. M initlf red leafU ts; insol. water, ! 
»l. .sol. alenlml, hen/eno, CS., and %ootic acid. I 
V. e, so efln-r. Com*. forms a brighti 

blue solution, whem-e water gives a dark green 
l>p. It reduees e»d(l I'ehling’s solution. I 

/.’. .u /uuj,v.--|. Distillation with zinc dust 
\vlem', ethyl tolneiie, and an oil 
(-D 2 S 0 ). Deduced hy sodium-amalgam to 

- J 

Salts. C.,.H,^Na(T/2Hq : lustrous red crvs- i 
tals V, sol water, insol. alcohol, and other, 
in • dull red powder. — 

C,,H.,KD.2aq. C JD,K.D,2:ui. 

BLEACHING-POWDER r. iivi**a;Hi, 0 HtTEs, 

under ( MLOUINE, OXYACIOS OK. 

BLOOD. In vortehratos, the blood is a some- 
wimt VISCOUS, and to the naktal eve homo- 
gen,«ous. red liquid. fhe blood which loaves 
th« lung. 01 gills is of a bright searlot colour, 
h.m ^ svsiemie veins of a purplisli 

Hue, which on exposuro to the air, or on shak- 


I ing with o£ th# bright anoriti 

scarlet colour. This difference in tint is due to 
the amount of oxygen present in combination 
with the red pigment haimoglobin ; in the lungs 
a loose combination called oxy-hromoglobin Is 
i formed which is scarlet ; in the tissues this oxy. 
gon is given up, and the blood returning to the 
lieartis of the purplish colour duo to hn^moglobin. 

Specific Gravity. Roy {Proc. Phyniol. Soc. 
1884) has introduced a method for ascertaining 
the specific gravity of living blood. A drop of 
; blood is introduced into a mixture of glycerin 
: and water of known specific gravity ; if the drop 
; tends to rise or sink, it is a.ssumed that it is of 
, lower or liighcr specific gravity than the liquid 
in which it is placed. The average specific 
gravity of human blood thus found was I'OtJO. 
Defihrinaled human blood lias an average 
specific gravity of 1*055. Ptliiger (PflilqePs 
Archie, i. 75) found the specific gravity of dog’s 
blood to bo I'OOO ; and Gschleidlen that of 
rabbit's blood DOlH. 

Pharnclers. - Rlood is always feebly alkaline 
in reaction (Kiiline, Virchnv'.s Ardiiv, 22, 05; 
Ijicbreich, R. 1, 48 ; Scliiifer, Journul of Physio- 
loyy, 2, 21)2). Under the inicro.scope the blood 
is semi not to bn a homogeneous red liquid, but to 
consist of a nearly colourle.s.s liquid, tlie plasma 
or liquor sanguinis, holding in .suspension large 
nuinher.s of solid bodies, the corimseles. These 
eorpuscles are of two kinds, the coloured and 
the colourless. 

Red corpuscles. These owe their colour to 
luemoglohin, and are much more numerous 
than the while corpuselos. They vary in size 
and striieturc in different groups of the vertebrate 
suh-kingdoin. In Mammalia, witli the exception 
of the ( anii'lidie, they arc biconcave, circular 
<liscs; tliey have no niicleu.s except during em- 
hryonic life; and tliey have a tendency to run 
inlf) rouleaux when the blood is at rest, but if it 
is disturbed they readily become separated. In 
the Camel tribe they have an elliptical outline. 
Their average dianu'ter in mammals is *007 -*008 
millimetre and about one-fourth of that in 
thieknoss; there arc vmy slight variations 
in dilTeront classes of mammals. In birds, 
reptile.s, aniphihians, and lishe.s, the red cor- 
puscles an' hieouvex, oval discs, with a nucleus; 
(hey are largest in the ampliihia. C. Schmidt 
gives the speeitie gravity of red blood corpuscles 
as 1*08<), Wt'lckor as 1*105. 

According to C. Selim idt, 1,000 parts ol 
moist red eorpuscles contain — 

Water . . . (kq.s parts. 

SoIiilB J .. 

I Mineral . 8-12 „ 

Accordin^^to Hoppe Seylei* and Jiulell (3/c<f. 
Chem. Untermchutuien, Heft iii. p. 380) 100 
part# of dried corpuscles contain — 


lluiaau blruhl Oeoge’* 

I. H. hfirtil b'ood 

12*24 5*10 12*55 30*41 

86*79 94*30 80*50 62*66 
0*72 0*35 059 0*46 

0*25 025 0*30 0*48 


Proteids 
Ilieir.oglobin 
Uecithin 
('holcsteriii 

Tlio nuclei of the red corpuscles consist 
mainly, according to Lauder Rrunton, of nuclein, 
a substance very akin in its properties to mucin 
[Journal of AmU, and Physiology^ 2nd lerieai 
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foLS, p. 91). Th«miiifiralo(msUtaeiiUof thtred 
eorpatolea nave baen investigated by 0. Schmidt, 
and the following tables contrast those of the 
red oorpnscles with those of the plasma in man. 

1000 parts of moist corpuscles yield — 
Mineral matter (exclusive of iron, which 
is contained in the ha'ino^lobiu . . 8'PiO 


Chlorine lOSiJ 

Sulphuric anhydride . . , . 0‘0(Ui 

Phosphorus pentoxidc .... l’13i 

Potassium 3-328 

Sodium l’0o‘2 

Calcium phosphate . . . . 0114 

Magnesium phosphate .... 0 073 
1000 parts of plasma yii;M — 

Mineral matter ..... 8 A50 

Chlorine 

Sulphuric anhydrido .... O lio 
Phosphorus pentoxidc .... 0101 

Potassium 0-323 

Sodium 3-341 

Calcium phosphate .... 0-311 

Magnesium phosphate .... 0-222 


The riuiiarkable dilTrr<-u(?(' in the distribution 
of potassium and sodium si ^ ii in tin* above does 
not, however, hold for mo ,t anim;il>; us tin* 
following table shows (Ciumgee, l'hif^iolo<ju'al 
Chettiisinj, p. 122). 

n’or-a Cil!^ 


Man 

K. 

40-89 

Nil. 

0-71 

Cl. 

21-00 

1 )i»g 

007 

.30-17 

21-88 

Cat 

7-8.1 

:?5-02 

27.30 

Sheep 

14-.*i7 

,38-07 

27-21 

Goat 

37-11 

14-08 

31-73 

Man 

biTinr 

K. 

5-10 

N.t. 

:J7-74 

Cl. 

10-08 

Dog 

3-2.3 

30-08 

37-31 

Cat 

5 17 

37-01 

11-70 

Slurp 

0.30 

38-5r» 

40-80 

Goat 

, 3-5.3 

37-80 

4011 

Probably the only gaseous constituent of the 

red blood corj)usclcs not 

in u state of chemieal 

combination is carbonic acid. 
JJlooil tahlrts. .Besides tlic 

red cor)in.-t.!<-.s, 


a number of colourless di.-cs of 'U02--OU3 milli- 
metre diameter are also .seen: they are al.'^o 
called hH3matoblasts ( IUutph'itt<'hi'7i of Jlizznzero). 
By some they are siippnsed to bo eta.ae.. in the 
development of red oorpusele.s ; by others to 
take part in the formation of librin. Wooldridge- 
considers them to bo identical with the proteid 
he calls fibrinogen a, which can be precipitated 
from liquor sanguinis by exposure to cold, 

Co/our/esx corpu.^rlrs or leucocjftcs. These 
are animal eells, and consist of nurleat< <1 
masses of pridoplastn, Inore or lc.s.s granular, 
and exhibiting during life ccntractilify, t!^; 
movements .so produef d boin^^ called amu b.n«l. 
They arc not con-t.int in size, but in nfin they 
average about O-ol inillinuf tiiev*are ‘^om-- 
whal larger in the lower verti brute groujis. In 
mammals there is on the average one white or 
colourless corpuscle to 330 or 3.30 red ones. 

Our knowledge of the chemical con-t'tuents 
of the white corpuscles is meagre ; th y are 
lighter than the red ones ; the great mass of 
the protoplasm is undoubtedly proteid in nature ; 
cud the nucleus consists mainly of nuclein 


(Miesoher, JM, Ohm, Unimuch,, Raft Iv., 
p. 441). By mioro<«hamioal investigation, the 
presence of glyoogen osn often be demonstrated 
by iodine, and of fat granules by osmio aoid. 
Coagulation of bhoiL Within a few minnies 
' after having been shed, blooii passes first into 
the state of a soft red jelly, which gradually 
acquires greater consistence; and by the con- 
traction of one of its con-titm nt.s expresses a 
fluid, the serum, in which the clot or crassa^ 
virntuni ultimately floats. 

Coagulation is due to the S('^>aration from 
the blooil plasma of a solid protcul substance 
called fibrin. The clot consists of fibrin 
entangling the corpuscles. By stirring blood, 
or whipping it with twigs immediately after 
it is shed, fibrin free from corpuscles adheres 
to the twigs as a yellowish stringy masa 
Under the mioioscope, coagulation is seen 
to consi.st of the separation of fine filaments 
from the plasma, which start from or entangle 
the blood idiilcs, and corpuscles, 

Coaguhitioii of the blood is Imsfciicd by ex- 
posuro to a t.-mperature rather nho\e tliat of the 
IkmIv ; by contact with fun ign matter, or by agita- 
tion ; and by dilution with not more than twice 
its volume of water. Coagulation is himlered or 
[irevenled by expo.suro to a low temperaluri' ; 
by contaet with living tissues, or by llio addi- 
tion of large (piantitics of neutral salts Hueh as 
sodium chloride, eialium sulphate, or magnesium 
sulphate. When these precautions am taken, 
the corpuscles sink, and the plasma can be 
drawn off : in the last case mixed however 
with salt solution, the inhibitory inlluenco of 
which on coagulation can he removed by diluting 
the mixture with water ; fibrin is then form( 5 d. 

Afaiiy tla-ories have been held with regard 
to the cause of the. coagulation of tho blood. 
Ni arly uj) to tin? end of llie last ciuitury, tho 
clot was believed to be simply a mass of 
udlierci^ <. /rpuscles. Hew son, 1772 (t*. Hewson's 
work.s, editi-d by (.lulliver, Sjfdi'vhdin Soc ), was 
th<- fli.-t to thow that it was really dne to th© 
separation of -joire .substance from tho plasma. 
I'oiehanan (LomUm Mnliral (hiKftlr, vol, 18) 
show-ed that fipieezod blood-clot had the ]»ower 
of lia: li ning the coagulation of the liquor pori- 
canlii ; and a.s thi.s powi-r was e.sji. cially shown 
by the butly coat, he s.ujqio.jed tli.at it w'as due 
to the while ciii-pil‘'<-l( ; lie compare d the action 
cif tlie e corpu‘'cle.s to that of rennet on milk. 
Denis .‘>ur U 18.39, p. 32), by 

saturating tho liquor .».iii|/ulni:i with sodium 
cliloride. obf.iined a proteid pp,, which after 
l.i ing i-e.'li.<:,i»!ved in water underw'cnt coaguls* 
finii. 'J'o this prccu'sor of fibrin he gave tht 
name j.lmmixf’. *A. Sehiniilf {Au'hio /. Anat. 
u. riipsiol. oi.M Bep.'ir.'iti'd plasminn into 
it : two conslilueiils, both jufti ids of tho globulin 
clas.'. to wliidi lie g.-H’o ti . names fibrinogen 
and fibriniiphi' tin or pnia: h.lmlin (now oallcd 
‘ I rum globulin). He tlioii;'!ii buth of these sub* 

: t.inei'3 were ntccssary for coagulation, and that 
t!i<y united to form fibrin under the influenoo 
of a fi rment. Thir, fibrin frnnent he prepared 
from ^.-nini, by ]q»g. it w-ith the scrum protcids 
liv inean.s of absoMile alcoliol ; after leaving tbs 
pp. some months under alcoliol, the proteidi 
were by this iiomuh rendered insoluble, whilt 
the ferment could be extracted with trftttt. 
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libn'i^formcnt bjr wtricting blood-olot with 
ft p.c. godlam chloride eolution. The ext^t 
contflint'd A sraall quantity of a globulm-like 
in'iitcifi, and had very marked power in inducing 
cofif'.iliilion. llamrnarHton {Pjlil<:jer*s Archi'Oi 
M, i'll; 17, 4i;j; 18, ^8; 1», 603) modified 
.SeliifiidL llirory by allowing that paraglobulin 
is not tu cichsary for the fornmtion of fibrin, ^ut i 
that fibiiiiogen ifl llio only true fibrin proeursor : 
wliiidi ntnler the influence of the fibrin ferment , 
i i ciuivr.iletl into fibrin. The prescnco of para- j 
globulin, howcver„ha.stenfl eougnlatioii perhaps ■ 
by its eoiubining with alkaline carbonates which ; 
ollierwi. e woubl impede the action of the fer- 
niriit: other proteiil. hucIi as casein, or even 
Malts such liA calcium chloride, will, however, take 
its place. 

The source of the fibrin-fcrrncnt Ke.-msto bo 
the white <;oipusc.les. Uanscheiibacli has pointed 
out ( Ui b r dU Wech'idit irku'.xjoi zirlsdu'H Pro- 
tofdtisiiKi and lUalidaiitna, Inaug. I>is.s. Doritaf, 
1 nm;'i] tinil leucocytes arc of two kinds : a leuco- 
cytes which arc acted upon and disintegrated 
by tho phl' ina wlnui the hbxnl is shed, two of 
the products of such mdion being paraglobiilin 
and libiin ferment; and fi leucocytes which rc- 
uiuin unallcrcd. 

'I'he latest theory of t!»o c>in;'nlation of tho 
blood is that of L. C. Wooldridge [liritrdijr zur 
I’hpitdo.jie, Leip/.ig, IH.S?, L'U). ife iiijecls 
peptone into the eircnialion «d' an animal, and 
kills it by bbuding; the blood remains imeoagu- 
luted for many hours, and the corimscles aro 
rernovtd by centrifugalising; if a snbstaneo eon- 
taiiiing lecithin ho lin n add' d to tho peptone 
plasma, coagulation occurs, lly cooling peplono 
plasma, a pi). is produced; this consists of little 
rounded discs similar to hlcxsl tablets; this is 
called tibriiK'gen A ; after its removal fiMiu tho 
plasma eoaguiation does not occur :^tho forma- 
tion of fibrin is supposi-d to bo inuf to (he 
loeithin contained in fibrinogen a combining 
with librinogou o (Haimnarsteu and Schmidl’.s 
fibrino);en). 

Human blood yield:; from 2 2 to 2'H parts of 
fibrin per l,00<t. 

Sentm. Tln.s is the plasma, oiinrm the ele- 
ments of fibrin, U contains three classes of 
oonr.tiliients ; proleids, o.'ctraclivi'.s, and salts. 
The proteids consist of globulin and albumin. 
Owing to the «li;untegratioji of^ho white cin pus- 
oles the globulin is rather more uhim^ant than 
in the plnaina. Tho following table of llam- 
inarstcn’s {rjltlorr's Arc/iir, 187^) reprosmits 
the poroontugo of thesjj substances in tho serum 
of flumo of Uio commoner inaiwm.ils : 

Ti>{;v! T<'{ i! S neu Seruoj 

S'liili I’ot. i !■! tili.l.n in AUsrnm 
Bernm fivm Horse Svsr . ' 

d M • 7- «:•'.» i-i'.i 

„ „ Mim s i'ti; 7ii:!» ;i i.'i •i-.s;rt 

t, „ iiubi'ii 7-i^'ja lu-s i i.ia 

^ The globulin appeava to be a single substance; 
it is Coagulated by heat nt 76'’ C. : by fractional 
hoat-cougulutiou, howover, the. serum albumin 
can be ilitTereiitiiited in some animals into two, 
in some into three pii*tei'ls (liallibm ton, 
v/ Vhvdolo^ii, 1,'ej; Kamler, Anh./.r.vp. 

W. rhor-)ui,\, o|). < 1111 ; in the cold-blooded 
animals the total ipui'.uity of proteida iu tho 


tmta JM nm 

alwAyg greftriy ia «xoeM IIia ieriim aOnuiriii^ 
and the latteir fabetanee ii hot differenrifthle 
into several proteids by fractional heat<coagao 
lation {Halliburton, Journal of Physiology, 8, 
319). 

The extractives of serum are organic sab- 
stancos present in small quantities, which are 
extracted by various liquids, especially by alco- 
hol or ether. There is about 0 2 p.c. of fats 
and cholestcrin ; about *08 to 0*12 p.c. of glucose 
(I'avy, Croonian Lectures on Diabetes, London, 
1878); urea 0'02 to O-Ol p.c.; and creatine, 
creatinine, xanthine, hypoxanthine, uric acid, 
and hippurio acid in still smaller quantities. A 
yellow pigment is found dis.solved in varying 
' quantitir's in tho serum of most animals; Ham- 
inarsten {ALthfs Jahrbericht, 1878, 129), Mao- 
Munn (/V. 31, 231) and others h ive described 
this asa biliary pigment; Krukori’'erg(S/f^/mg's6, 
drr Jenaischen OesellscJi. J. Med., 1885), and 
Halliburton (Journ. of Physhlojy, 8, 324) have 
describ'-d it as a lipoebroine. 

The .salts of .serum ilmoiint to 0 7 to 0‘9 p.o. 
i Clascs of the blood. From llm blood as a 
wliolo, or from the plasma, coloured corpusolos, 
or serum, a mixture of carbonic acid, oxygen 
and nitrogen can bo .separated. Oxygen is 
present in iimeh larger quantities than could he 
held in simple solution in the blood, and is, in 
fa<'t. hebl in feeble coml)ination with Incmo- 
globin; only a small part being in solution in 
the liquor .sanguini.s. Carbon dioxide is partly 
! in a state of clmmical eonilnnatiun, but chiefly 
I in a .state of simple solution. It is contained 
' in great part in the liijiior sanguinis, but in 
part also in the eorpii=^.cles. The nitrogen is 
. held in simple solution in tho litpior sanguinis. 

■ Arterial blood of tlm dog yields for tsvery lOD 

■ volunu's 58'3 vd of tni.wd gases composed of 
2'J-2 vols. of o.xygen, 3F;tvol,;. of earhonic anhy- 
drid?, and FS vol.s. of nitrogim. Tho maximum 
amount of oxygim ob.serYod ha.s been 2rr4 vols. 
(Ihliiger, Centrolhl. f. d. me i. WisseJisch, 18ll'8), 

i In venous blo<td, the nitrogen is tho same ns in 
arl«Tial, the oxyifii is le.s.s in amount (from 8 
i to 12 vol.s. per DO of blooil), nii'l the GO.^ greater 
I (from 10 -50 veds. per 100 of blood), 
j Lynipli. This is tho name applied to that 
I pi»rtion of tho blood that transndi.'.s through tho 
' wall.s of Iho hlood-ves.s<d.s, and after supjilying 
I tho tissues with nutritivomatrrials and receiving 
, fho i>rodui;ts of thoir combustion returns to 
j tlio largo vein.s by means of tho lymphatic 
I veS'cl.'^. 

i Lymph is a transparent ligiii'!, which during 
j digestion i.s more or less milky, owing to tho sus- 
! pension in it of fatty matters alrsorbed from tho 
i alimentary ennal. Its speeilio gravity vai’ies 
U’fwcen 11)12 bijd 1’022, and its rc.ution is 
ulkalinq. 

Fn l.-r 4he microscope, the lympli is s en to 
riUitsin colourless corpuscles. In a time varying 
I from 3 to 20 minutes after it has left the vessels, 

I lymph undergooscoagulation, fibrin beinu formed. 

! Tho amount of fibrin which separates is between 
! 0'4 and 0 8 per 1000, being less than tliat which 
separalert from blood. Lymph i.s, in fact, simply 
dilute Mood pla.sma; urea and carbonic acid, 
liowever. aro rather more abundaut in lymph 
than in blood. 
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. 111* oMef ohanga is a radaotion 

ill \b$ nomber of red oorpuscles, and the diminu- 
ubii of the amount of htemogiobin they oontain. 
In severe oases there is also a reduction in the 
solid constituents of the plasma. 

Le^ythamiu. This is associated with 
great increase in the number of white corpuscles, 
which may become nearly as numerous as the 
red. The blood is poor in Inemoglohin. and 
rich in hypoxanthine and lactic acid (Sclnaor). 
Charcot found in the blood, spleen, and liver of 
patients suffering from leucocythfemia colourless 
elongated crystals, which he and Vulpian were 
inclined to consider as proteid in nature ; wliilo 
they were regarded by Salkowski as consisting 
of a mucin-like substance. Schreiner states 
that they consist of the pliosphate of a base, to 
the hydrochloride of which he gives the formula 
C,H,N.HC1 {A. l‘Jl, G8). 

Oout. In this disease uric acid accumulates 
in the blood, probably owing to non-tdimina- 
tion by llie urine ; there*i8 also a large quantity 
of oxalic acid ((iarrod, Miilico-Chirunj. Trans., 
81, 83; 37, oJ). 

IlJieumatism. The dbrin is much increased 
in amount : the same is, however, true for other 
infliiinmatory conditions. There is no exces.s of 
uric acid in the blood. Lactic acid is said to bo 
the matt'rics moibi by some, but this has never 
been satisfactorily demonstrati.'d. 

In various /yjnotic fevers, and sep- 
tic diseasc.s, the prescmcc of dilTen nt forms of 
bacteria has been described, or in sonic eases 
only presumed to exi.st in the lilood. The best 
known of these are the spirillum of itdaiising 
fever, the bacillus anthraeis of splenie fever, 
and the bacillus malariie of Klebs and Crudeli 
of intermittent fever. I’igment granules of a 
dark colour are also .said to occur in the ld<«od 
of ague patients. It is probably a derivative of 
hienioglobin (Mare.hiafava). 

Diseases of the. liver. In jaundice, bilirubin 
•ndin some eases tin* bile salt.s also accumulate 
In the blood; in acute yellow atrophy the blood 
contains leucine and tyrosine. 

Diabetes viellitus. In this disi ase the most 
marked feature is an increase in tlie amount of 
glucose in the blood. The peculiar o.lour of 
the breath in diabetics is stated to be due to 
acetone, and death is often saM to re:-:ilt from 
acetonaunia. It i.s probable that accloiw dof.-? 
not exist free in the blood, but is tb-rived from 
the splitting up of aceto-acctic etle r. 

In some cases of diabetes a lipa niic (fat in ' 
the blood) condition lias been df (•rib*-d. lint . 
there is no doubt that this* may oecur v. itiiout 
evidence of disease, and also in oilier «Jis<'ase.s ; 
than diabetes. # j 

Bright's disease. In addition to an anifmic ' 
condition, there is an increase in 'he an/Vmnt of , 
urea in the blood. The convulriit/n-^ aud coma 
that are apt to supervene uln-n lin- * hmination 
of, urea is defective liasv bin d'--i unifiid < vi- , 
dcnces of uraunic poisoning, it is probib’e, 
however, that in these cases it is not nr a 
itself which is the i>oi.ron, but juobabiy lome 
substance or substances r.nteeedent to urea. 
Trorichs’ theory' that the poison is ammonium 
aarbouatc is now given up as untenable. 


TIu ImrUlmU Mmik. • 
Our knowled^ conoernmg the Mood of inv^ 
tebrato animals is much less complete than that 
of the vertebrates. In certain marine anlmali 
•the circulating fluid is chiefly sea water in 
which a number of corpuscles* are Mi.sjKMided 
(c.o.pohinoderms) : in other invei tebrales such ae 
crystaceu the blood is a highly ori aub ed fluid, 
and rich in piof.ud con.-Jiitm iiN. b;:t even in 
j these the amount of saline malt, is v.nies with 
i the habitat, being much iikiu* alumdant in 
I marine than in fresli-nafer f.nimaL-. 'I'iieiv is 

j ncyerany distinction into blood propei and l\ mpb 
I in invertebrate animals; lienee the name it /mu 
' lymph is somelimex. given to their cue. tbuing 
fluid; the term hyd/oli/mph is iippii.d in those 
ca.ses in which llio blood is eha ily watci’, and 
I contains but few organic eon'lituents. 
j llieiuogloliin is c-mtaineil in the bbh.d of 
j many invertebrate.s (l.iinkester, I'jliUjer's A 
: 4, 315), chiefly worms, but also in a few erusta. 
i ceans, insoefs, mol I uses, lereliey, and eeliino- 
I deniis. With the exei plion of four worms and 
j two molluse.s, however, it does not occur in 
I special corpm ele; ns in the blood of vortebratos, 

: but dissolved in the liquor sanguinis, colourless 
. corpuscles only being found in the blood. Jn 
other inverlebrnles Ibis red pigment is jephieed 
by otners, wliitli npp.irentiy have a similar 
; respiratory funelimi; tbo ino.st iniportaiit of 
, Ihe.so other re pii.ilmy pn.teiJ.s are (1) Inemo. 
eyanin, a hhie pi.niient occurring in various 
cnistac-'iiu:.. nrachtiiils, and molluscs (Fretleiieq, 
C. Jt. «s7, thhi). Tiiis contains eop[)er as one. of 
its c m^lifiienl eb iii.-ufs ; when oxidised it is 
hlue, when rciii' -' I it is colourless. (2) ( 'hloro* 
cruorin, a gM-n j'i.mient, elo.sely reluted to 
hiemo dubin, iisiml in the blood of Certain 
' worms (Laiike<|.-r. .Jot/rn.of Anat. and Vhi/sud,, 
2, 111). ^3)#ll.c)m tyllnin, a purplish rod pig- 
ment found in n f- \v g'-idiyrenii worms (Kniken- 
, berg. r. /•;//. Sf - tLoi, Istc lleilut, 3te Abth. 
p. 81'), in all l.ies- eases, the pigmuit is dis- 
Bolvi (I ill the blood pla ma, wliieb has thus a 
resqiirafory in addiiiuii to a niilritivo funetiou. 
j 111 addition to th( so pigments, otiiers occur 
wliieh Jiave npjsiienlly no re.spiralory function; 
thus chlorophyll appears in tlio blood plasma of 
many iiiolbs and bullerflbs (Toultori, /V. 38, 
tetroncivlbrio, a n 1 Jiiioeliroino in the 
blood plasmid Ilf eei.uiii erui.t.acea (Ifalliburton, 
,Jtin>n. of Thi, I'll., fl, 300;. Various coloured 
granules are <!( . ciile -I in the corfiurcleR of holo- 
tbniiaij.s and n-n urcJiins {(Icddes, v. (inmgeo’ii 
Dhipiol. ('h’nt., I3l), ami the idood of the 
lini}.-. t is d< cni,( «| iTy Kiukenberg an being of 
an orange colour. 

^ 'J lie blood of most inverteb’-nte.s in alkaline 
m reaction, the only ki^own exwqition being 
th»»t of iiiolli ; and butterflies which is acid 
(Poulton). 

With regard to the coagulaliori in the blood 
of iiivfftebratcti H. J.'ib'u t'.n {Jaurn. of Physiol.^ 

G, 300; wan able, jn the ease id the cmutacoa, 
to separate crij',tac. an libiin, and to show that 
as ill vertebrate ldo„d ii wan formed from a 
previously solnblt fibrinog' n under the influence 
of a ferment, ('ni.itacean fibrinogen and fibrin 
differ but little from tlmt of vertebrate blood 
and the fibrin ferment identical witb Uuil 
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obtained by Behmidt {tom Tertebnie blood« The 
eoegulation of eruetaoean blood it also hindered 
by cold, or admixture with neutral salts. The 
ooaf{ulum formed when the blood of cephalo}ibds 
is shed is staU d by Fredericq to be only a plas*^ 
modi urn of cilU. 

[The forf-r'oing article has only discussed 
blood from a ^:<■uernl point of view. The various 
oonstitui nlH will bo described under theirproper 
lioadinK's ; the protoids including hsemoglobiii 
and the other blood pigments will be described 
under the hendiiijf /Vo/eid.'r.] W. D. 11. 

BLOWPIPE V . A.valyhih. 

BOHEIC ACID C,IJ,A- flOO']. Occurs 
(to the exU'fjt of *2 p.c.), togetlu*r with querci- 
tiinrjic acid, in bhiek tea (T/im htliM) (Koch- 
loder, A. (id, 202). Yellow amorphous resin, v. 
sol. water and alcohol ; ppd. by alcoholic or 
ammoniacal h ad acetate. - ijuA"aq. - l‘bA"aq. *- 
PbA"I*b(). 

BOIL1KO-POINT8 V. PlfYHICAL MKTimnS ; 
see. TKKIi.M.U.. 

BOLDIN A gliico.sidc which may 

be oxtriieted liy boiling alc(diol from the lcav<‘.s 
of Itoihhi fithfians, in which it occurs to the 
extent of ‘U p.e. It is a syrup, volatile with 
steam, and decompos'd hy hot <lilute IICI into 
ghicose, Me('l, iind an oil (J,„lf ,„0., (?) sol. aleo- 
hoi, iiisol. water (Cliapoleaut, C. It. 1(8, 10.52). 
Aeeonling to Itourgoin a. Verne {IU,[2] 18, 481) 
the leavei of contain an alkaloid, 

Mdite. 

BOLETUS V . AoAait’irs. 

BONE OIL (Araha em, 7V. E. 10, 4; 20, ii. 
247 ; 21, i. 2llt ; 21, iv. .571 ; .4. 70, 32 ; 80, 44 ; 
04, Jb'H ; 10 * 1 , x\rt). Tlni following substance.s 
have been iHolateJ from the tar obtained in Ukj 
dry-distillation of bones; 

Ch'u'f Constituents, Jhf pmlucts. 

Butyr(»nitrilo Methylllntlno 

Valcronilrile, Aniline 

llcxonitrile Fyridino 

Isolu'xonitrilo Methyl pyridine 

iVconitrile J>i nii thyl-pyiidino 

ralniitonitrile Quinoline 

Hti'aronitrilo I'henol 

Fyrrol Propionitrilo 

Methylpyrnd Vuleramiile 

ItitiK’thylnyrrol Toluene 

Hydiwaibons : Kthyl hen/.ene 

CJI,, (Dihydro tn. NaphthUleno 

* thyl-tolm •ne ?) * 

(Dihydro in- 

methyl-cunu'ne 

^Y^ idol a. Ciamician (/>'. 13, 0.5) consider that 
tin' .lilrih s are Ln incd hy the action of NH, at 
the high temperalunfon the fatty acids con-’ 
taiiied in the bones; the pyri*line bases they 
helievr to be formed by the ct'iuhinntion of the 
acrolein (from the glycerin in the fats) with 
ammonia, mcthYlaniine, A'o., whilst pyrrol and i 
its homologtics are products of the Icconiposition ? 
of gelatin. 

BORATES. Suits of boric acid r. Boron* 
OXYAcins or, p. .528. 

BORAX V . CoraU of sodium : under Boron, ' 
•tTACina or, p. .529. j 

BORIC ACID v. Boron, oxtacxds or, p. 628. 


BOBIO AHHTBEXBl Bpbob, ohm or, 

p. 527. 

BORIDES. Compoundi of boron with one 
other more positive element. —Very few of these 
compounds exist; manganese forms a erystaU 
line boride probably Mn,B^; platinum easily 
combines with boron to form PtB (?) ; and 
aluminium and boron appear to form a kind of 
alloy, the proportion of the elements in wliich 
; varies within very wide limits: two definite 
borides of A1 are also known (r. Iridiom, Iron, 
Manganese, Palladium, Pl.vtinum, Aluminium, 

BORIDES ok). 

BORNEENE. A mixture of terpcncs (q. v.), 
exuding from DryobaUinops camphora, holding 
i borneol in solution (Oerhardt.TrntM, 3, 028,041). 

! BORNEOL C,,H„0 i.e. C,J1,,01L Borneo 

! camphor^ Tetra-hydride of (1, 4, G)-inethyl- 
: propyl-phenol (?), Mol. w. 154. [ lt)8°] (P.) ; [207®] 
(W.) (212"). It oo 76-30 in a 22-5p.o. alcoholio 
I solution (KanonnikofT). 

' Occurrence. — In Drynbalanops camphorat 

'■ being extracted from hollow cavities in the trunk 
j of old trees (Polouzo, A. 40, 320). In the essen- 
tial oil of valerian (Gerhardt, A. 45, 34 ; Bruy- 
! hints, Ii. 11,451). To the extent of 4 or 5 p.c. in 
oil of rosemary (Bruylants, J. 1879,914; Weber, 
yf.238, 89). 

Formution.—l. By heating camphor with 
alcoholic KOH (Bcrthelot, A. Ch. [3] 50, 78). - 
2. By the action of sodium on camphor (Bau- 
bigny, [2] 3,71 ; Haller, C. It. 105, 227). 

Preparation from camphor. — (Jackson a, 
Mcnke, .Im. 5, 270; 0, 404; Kachlor a. Spitzor, 
M. 5, 50; B. 15, 10, 2730; ImmendorlT, B. 17. 
1030). Camphor (50g.) is dissolved in alcohol 
(500 c.c. of 90 p.c.), and sodium (OOg.) added 
slowly. Towanls the ciul of Die o[)(*i!itiun water 
(50 c.c.) is added (0. Wallach, A. 230, 225). 

Properties. — llegular crystals ; very readily 
suBlimes in plates. Smells like camphor, but 
more pep])ery. lias a burning taste. The 
alcoholic solution is dextrorotatory; artificial 
borncol lias a somewlmt liigher rr-tatory power 
(c, 4.3") than the natural borm'ol ([a]„t=33\ 
(Uiot; Kachlor). V. si. sol. water, S(?l. alcohol 
and ether. Lighter than wat»'r. The rate of 
etherirication of horneol resembles ihat of pri- 
mary alcohols (Menschutkin, J. It. 13, 102). 

Reactions.— P.O, converts it into one or 
more terpencs (horneene). 2. Boiling UNO, 
(S.G. 1-42) gives camphor and its oxidation 
jirodiicts. 3. Behave.s as an aleoliol with regard 
to P(3,.“ 4. HCIO converts it into camphor. 

Sodium borncol C,.,ll|.O.Sa : six-sided 
plates (from benzene), ('ombiiies with CO^ 
forming 0,^11,, .0(CO.^Na) (Kachler a. Spitzer, 
Af. 2. 235). 

B ro mid Bromine added to an ethereal 
solution of borncol forma crystals of a mixture 
of bi^midcs (? C,„H,,OBr, mid (C,„n„0)^rj). 

IlySrobromid e. (C,,.H,.,0);HBr. Crystal- 
line pp. got by passing 11 Br into a solution of 
borncol in light petroleum. The compound it 
inistable and is decomposed both by water and 
by alcohol. 

Hydriodide . (CioH„0),HI, Prepared 
similarly. 

Methyl derivative G,JI,,O.Me. (l94®oor.K 
From sodium-borneol and Mel (Baubigny, 2, 
1868, 299). 
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Xtktl OjM„om mP) my 

tso®). In oil of valenan (Bruylants). , 

Aetttyl derivative 0„H,,0Ac. ' 

fK. a. 8.) ; (227®) (M^). Occurs in oil of valerian ' 


m 


Salts. — B'HCl: oasilj soloblo whito noodlM 
tO. 2 ^®J.--B', 04 HaPt 0 l 4 : golden.yollow plaUs, 

' 1 aloohol.->B'H..SO.; easily 

i soloblo rhombic tebles.—B'^CLHiici ^ 

iBruyaiW~B:iV476);7nIm;7be^ djijucm ; 

the iction of Ac 0 upon borS (Mo^; ic? i J • “ Pl«tce. 

A C/, u 50). of AgoAc i;;o,:‘bo;;:;i ^ cdol >: 
chlorulo (Rachler a. Spitzer. A 200 3 V>1 nt. • it . 
standing it becomes crystalline [24^ Vusiun ' ^ol 

I 

Stearyl derivative C,„H,.0{C II 0 ).! YL a^r n a m 1 ^ 

From borneol and stearic acid at 200^ (Bertheloti ' C,„II 0 CONH^ rir> 'f V* 

a 4. 112. 3001. Oil. ir^.'" Av . I'lonisodimn-borneol 


a 4. 112, 300). Oil. 

Benzoyl derivative C,„II,,0]3z. Oil. 


! r ^ ^ huumin-Dorneoi 

' n oyan<»i;on (Muller, 

I C. JS, loll ; 01. HOO). Monoelinie, needles 


;rrs.";r ;= : ss-rt- ™ i-™ 


of madder-root (Jeanjoan, A. 101, 95). Sinall 
regular crystals; si. sol. water, rotating upon it. 
HNOj forms bcvorotal ry camphor. 

Leevorotatory borneol C,„H,/)II. [201'^). 
S.G. 1*02. From Ngai camphor (flanbiirv. 
1874,537). ^ 


i [187®]. Cy. Ci.M’.oL. 

■ BORNYL CARBONATE (C,„I£„),CO,. [215^1. 
Lxtracted by boiling alcohol from the residue 
left m the pr(‘paration of oyano- borneol from 
sodium bt)rneol and cyanogen (Mailer, (7. /f. 91, 
8(>). White plates or hexagonal table.s’ insol! 


* •■ ■ ■ muutiuV i i::;: »"■» 


it into a lan’orotatory camphor [170 J (201®). I borne!)! ' 

s-i ! ssssf j™ sisa 

Iu«ctl« borucol 0, II 0. [1!)9=]. (210’). : ' v.' 'wnUj';’ d[L.p“l.a 

phmoV ‘7)‘’‘“\r “f ‘ : 'O' "■“I' '' "•ill, s'’puralion d Iwrnod 

pJiene (7. r.). Also from its acetyl derivative. I ■»'>««— — 

Properties. - Milln'.s from dextrorotat()ry | 


BORNYL CHLORIDE C,„M,.CI. [157®]. 

^ *njiii ue.\iruu)uii(>ry I Formation, -|•’roll) borneol Ifl nt 1 imd MfM 

borneol only in being inactive. The crystals ' (9 pts.) .at 100® (Herthclot, A. 112 OllO) 

" '’"'1 i -Kn. I, . PCI,(o'4)!li|!-btpntro. 

leura, and b..rneol (log. added in portioiiH of 
Og ). riioitrcdiud i) .siiakon with waltir and the 
p) tn)lenm allowed to ( vaporato in the cold, 
when hornyl chloride separates (Wallach, A. 
2;;0, 231 ; Kachler, .1. 197, '.13; J3. 11, IGO). 

Properti's. rrv.stuls. V. sol. light petro- 
leum, 111. sol. alcohol. JiM vorotatory. 

Itiiti tion^. 1. Converted into JICl and cam- 
j)h< lie C,„M,,j f.52 d (e. 100''), by heating with 
iraU-r (10 pts.) 95' (Kachler, A. I'.l?, 90); 

heller by t.iniiing with aniline (W.). A little 
, borneol isal.‘'0 formed by the action of water on 
bornvl chloride (Kachler, A. 200, 312 ; lliban, 
-4. Ph. [5,0, 3H2). 2. Sodium aigingoii asolutiori 
; in beii/.(fne forni.s laniplieno C,, ,M,, and hydro- 


^ke tlioy sink (unlike eamplior). Oxidi.sed by 
HNOa tojnactivo camphor (Armstrong a. Tilden, 

- Heated with a large quantity 

of IICl it form.s C,„II,„HC1. 

Acetyl derivative C,„II,,OAc. (215®). 

From torebene and HOAc at 100® (Jtouchanlat 
a. Lafont, Dl. [2] 45, KM ; C. J{. ]02, 171). 

According to Haller there arc two true bor- 
neols [a]j « -f- or -37', and the others are mo- 
lecular compounds of these (y. Cutimoii and 
Cineol). 

BORNTLAMINE C,uH|,N probably • 

< CHa 

I [ICO®]. (200®). V.a 5-5 (for 
CII.NII, ' 

5*3), 35' 4rh camplierie C,„M,., 

I'ormatio7i. -1. By induction of cainidior- BORNYL-METHYL-nBEA 
oxim in alcoholic solution by mfans of sodium, C„ M,..NM.CO..NMMe. i20i) Formed by tho 
2. By saponification of its ftnnyl derivative , action of methyl e.vaiiate upon bornylainino in 
obtained by heating camphor with aranfonium ; « dn-real .solution. I'Jates. V. sol.'ether ami 
fonnate at 220 ’-2 10®. * ■ | pot waf.-r (Leuchart a. Ilaeli, P. 20, lOS). 

i''ro/)crKc!?.— Crystalline solid, having an! BORNYL OXIDE C M Oie (C M ) O (?) 
odour resembling both camphor and piperidine. ' (lW- 290®). Occurs in tlie es .enlial' ml of 
In Its physical properties it greatly resembles [ xalerian (Hruvlants, IJ. 11, 450). ^Not attackad 
camphor. Very volatile with steam. Hiiblin.able 1 bv melted KOM. 
even at the ordinary temperature. V. sol. ..ico- i ' BORNYL PHENYL-CARBAMATE 
bol, ether, itc., nearly insol. water. Alkaline [ nn/^’HC U, 

re.action to litmus. Takes up CO^ from the air. | '^'^\OC,JI„ ' "ornyf - phenyl • ureth'in$. 
Primary base. Gives tho carbamine reaction. [nX]. Formed by the action of phenyl cyanal« 
L«Torotatory. Isomerio with camphylamine. ; upon borneol. Needles. Sparingly lol. eoW 
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Hfroln ftoA fticohol, t« lol otbtr tolTMti 
(Leuobort, 20, 1]5). 

BOBH 2 t-PH£irYL>TUIOOB£A 

0„H„.Nn.CS.NIiC,H*. [170^]. Formed ky 
iiie action of jiiM-nvl ruuHtiird-oil upon bornyl- 
Atnine in otlioronl Kt-lution. Colourlf'sa needh-H. 
Nearly inaol. (Leudiart a. Jiacii, li. UU, 

lOli). 

FOBNyL-PHENYL-UREA • 

C,„H,,.NiJ.CO.NJI(J. 11 . ]. Formed by the 

Action of pluMiyl ry,iiiate (j}M.n hornylamine in 
ethereal solution. .Silvery plates or lino needle.s. 
hparijiKly Holuhle in ether and cold ulcohoi, 
easily in hot alcohol, insotuhle in water (Leu- 
ch/nt a. Ihieh, li. ‘JO, Ihs). 

BORNYL-UKE-l C,„H,,.NII.( O.NIl .. 'Hit 
Formed hy boiling' hornyiainine hydrochloride 
with potassiinii eyiuuite. Colourless rieedh- .. 
Kaaily Holnhle in liot water and alcohol (I.eii- 
ebart a. Ihieh. H. 20, lOs). 

BOBNESITE C l [17o '). fa]„ 
Methyl-(hii)ibin:i'. A volatile sub dance ocenrrin;.' 
in the caoutchouc of llorneo. Sublimes afJOo 
Swflet tiiste ; do(!s not ferment. After boiliiii' 
with dilute acids it reduces J'’oliIin).;’.s solution. 
At 1‘iO 'it is split lip hv funiiiif^ 111 into Ah*I 
and da uhos.' (dirat .l. O'. Jl. 7.}, 120). 

Jl JilOFLUORIDES, r. under lioiMN, FM.’oiuni- 
or, p. 52«;. 

BORON, li. At. w'. 10 07. M<d. w. unknown, 
as V.D. hu.s not been determined. S.(i. 
amorphous not deferniincd, hut f^reater than 
I'Hi cryst. 2-a;{ 2 OH (Wbliler, d. Ml, 20 h- 
Hanipe, /I. iHii, 7o). S.ll. about •:{7 at 2r.0’ 
probably about -fi at lOOO^ (r. post' p. 52:.).’ 
Crystallises iu <limetric forms, a:c => 1: •r.7(;2 
I.Sclla, /'. 100, liiO); hut crystals probably con- 
tamed C ami Al (v. nosf). H.V.S. about l l. 
('OiiibiiU'S diieelly witii 0 and Cl with produc- 
tion of much beat : (MM)’! - :U7,20()- fllCl'! 
104,000 (Tinost a, llautefeuille, .ijk (ii/. j.',] 

U, 70). Chief lines in emi.-.ston sjMvtrum arc 
2MO-a.viu7,;ii.';o ] (H«,ti..y, T. 

Occur/v/u:t'.- Not as boron ; cbielly as borax 
and bone acid in volcanic di.sfricls, al.so us 
lowto of M^with M;.C1, (A'.u./.u7c), as borato 
OX Ca with Ca silicate {Ddtohl , ). ,Vc. li.tiax. or 
tincal, 1ms been known in conimeire fer niaiiv 
conturie.s; boric acid was prepared from borax 
in 1702 by Iloniborf'; the elem.mt was obtained 
by aay.Jai.s.sac and Th.'iuinl in ISOH bv ih- 
OXUhsiiij* boric acid by p< tansium, whifli niotal 
bad been obtained hy l>a\vtlio year before 

I'orntotion. - I, IJy itsiuetion of \U,\ by K 
{(iay-ljus>.,ic a, Tlienard, (/. ;}0 m;.'!). — 2. Uv 

roducthm of Hl'V KK byV t Ih-i .o'liiu;, l\ 2, 1 l;i). 

0. liy cleetlol_\ '.is of fii- .-d (l);vvv -I 

16, -1 11)).- 4. l-.v ...luHinii „r liltl, l,y !l' at n’,,.,! 
lifst (l>aiims, Ch. :il. :t7(;i. 5. I'.v 
dry borax with anmrplm.ll V (l>rae.«ndoi iT (' C 
iHOI. Hlun -0. l.y lieatiiie Ui-VKl’ or Iw ’. Nar 
with M>r (Wohler a. l‘e\ilie, A. Ch. .-i' ;V> (;•> . 

»ith Mi; and tmnnig the inodncl with Ill'IA.i 
(Jones, C. .{5. 12). 

iVyyxirufam... AMoKiuior.s. 10 parts fuse.l 

in eoiirse ponder are mixed with 0 parts 
in small pieces, ihc mixture is placed in an 
m>n crucihle lu-ated to full ivdoe.s, 4 to .u parts 
0 fused Na(d avi' added, and tho oriicible is 
covered. When all action has oeased me 


ini 

the oontente of the onteible, Irhile atiU hot* m 
poured into water containing a little HCl. Tho 
, NaCl, borax, and BgOj, dissolve, and the boron 
•remains. The boron is washed with very dilate 
ilClAq, then with alcohol, and then with 
ether; it is then dried at a very gentle heat 
(W ohler a. Deviile,.d. 101, 113 a. 347; 105, 67). 
j ^ Cuv.sTALLi.NK. Ainorphous B is pressed as 
Ijgbtly as ])ossiblc into a .small Hessian crucible, 
a hole is then made in the mass and a rod of 
Al (4-6 gram.s) is placed in the hole: the 
crucible is covered ami placed in another, 
larger, covered, crucible ; tlie space between is 
lillcd with powdered charcoal, and the crucibles 
arc heated to IcOO^* or 1600 ’ for l.J to 2 hours ; 
after cooling the m'..ss is treated with dilute 
HClAii which di.ssolves Al, and BN formed in 
the process (Wohler a. Dcville, A. 105, 67). 
According ti) Ilampe (*4. 183, 75) the crystals 
ol.tained by this process, or by any process said 
to yield crystalline B, contain Al, and some of 
them also C ; llamj.e gi -es tho formula AIB,- 
to the black ciystul.s ami C,Al,li„ to the 
iiddisli-ycilow crystal.-^, obtained by the fore- 
going nielhod ( v . Aj,i'.mimi-.m, uoi:n>i;.s or ; and 

itojmc.vuiiiiiK or). 

l^ropcfties. -Amoii.huus boron is a greenish- 
brown, upaqiie powder; tasteless; odourless; 
non-C(.mlu(:tor of electricity; very infusildc, hut 
melts wlien jilaeed between tho poles of a 
battery of 600 Buii am-eells. Said to bo slightly 
soluble in water; Keinit/.m (.S'iVj, W. 8‘2, 736) 
suppo,se.H that tho body which dissolves is a 
hydride of B {v. l.h.m.N, ii'. m.ii.K or), fnsoliihle 
in alcidiol or ethi r, llrulid /a rutu/o or in an 
niaetive gas, e.</. II, B heia.mes darker in colour, 
heavier, and more compact. Jleated in 0. burns 
: to B,0„ • HkO'']*- 3)7,2(10 : lu ated in air, B..(B 
and HN are jiioduced. (i.xitli. cd by heating with 
KNO;„ K.CO,, KOII, eonc. JINO.Aq, or arjua 
, ComhuKis diivolly with many elements 

' Ih’, N. The proiauties a.>.'-igned by 

Wnlilera. I>i ville uml oiIk i.s to cr_j alalline B, 
are, ucoordiiig to llainpf s expcrim('nt.s, the 
proi>erties of AIB . A! I),.,, and ChAl,n„ {v. 
Alcminum, iioium: or, ami lukoc.vkuim; of). 
i he atom of B is trivah nt in ga.scou8 molecules 
(data I.Clj, BBr„ JiF.,). Tho atomic weight of 
B has been determined (i) by linding the V.D. 

■ of BCI., and BBr., and e.stimating the Cl and Br 
: re.speetivvly in these eompoumis (Doville a. 

; Ihninis, . 1 . Ch. [3j.ir), 18i)) ; (ii) by dehydrating 
i borax (Berzelius, J\ 2, (iii) by 

i omiverting deliydrated borax into Na SO by 
I netion of JlFAc; and Il.SO.A-j (Berzelius, A 2, 

; 128 ; also Arfv.d. r.,,. 7'. 2. 127) ; (iv) hy detor- 
: mining the .S. Jl. of l.orfln (r. infra). Boron is a 
ngn-metallic ehfncnt in its duunical reactions; 
its oxide, B.O,, if an anhydride; boric acid, 
ll..lV(h,»eoriespoml.s in com].osition to nitrous 
aeid, hilt tlforimil data show tliat boric acid isdi- 
I isie ; the acids 11, BO, and II ,B,0, (and several 
s.alts <lerivod from tho latter) are also known (r. 
l'OUc\, oxyacii.s ok). Ji.O, seems to form coin- 
pounds with 1’ 7);., SOj.andWO,. In some respects 
B sliows analogies with C and 8i :-phv8ical 
luaipcrties ; existence of acid containing F 
(IlBb,) ; direct combination with N; existence 
of many borotung.statcs; probable existence of i 
gfOseous hydride, Ac. In many points B 



'"Hit 

y trfTileaw d! B a^ibia; oo&i* 

:issr4.TrMStas“ji,s 

in r6ftctioiis with sulphides of very positive 
metals; existence of a B analogue of tartar 

«.» Broup uro'..:il deuj 'l y bu ^ '•dh m,.„y d.-mni., 

AI,0,.3H,,0 dissolve, in KOHA,,, and orms i s'rir, br a .to V “ ""1 1 '.I'' 

.luminales (j. ; AI,S. is also sonn-alH-lJ a a r,' | he« sZn.'t' T ''' “p 

analogous to UA : the co.npositions of s. v..,al |,o,ic acid aS' 11 « 1) is ,v! I'i 1 ' !' 'r‘" 

B compounds aro si, .no those of the com-. ,vitl, nif , . "tn' / e.™- i “ 

•ponding eompounds of m,.,.d.ers of (Ir.o.p otl y h,. .ti , f ‘ i."' ' 

III., e.<7. Mo,. MXj [X-^Cl, Ur'. AlC'l — ■ liu actum oi nuilfmi intir, or 

and BCJ, cumbiim din-ctly with l‘()Cl^. Tlio 
dillcrcncos betwi-fii tlu* clu'inical functions 
of B and the otlu r elements of llu; group to 
which B hi longs .scorn to h<- \vid,«r Lhan is usual 
betwc?('n flu! first and the following elements of 

tho same.' gro 

the following ; 

Gi:uii> HI. 

h'lrM ^ie‘/ H-.I -t. t;, ^ 

l’.(Il) S<!I H) Li/j 

O'USrri.j 7. ' 

A(l 7) Ciu*'-?') jii(m) 


ing to HhnqMiV 

oompoond of B inFjU 
(anfe, p. 524). ^ m 

• ijiuc/tow.— 1. Heated in air, B.O. andBN 
arc formed. -2. Heatecl in orf/j/c-u, b bume to 
BjO,.— 3. lioated to redness in N, BN is formed. 


variems oju/c.s /ccun/ ia. /w/.s. 7. B i-i also 

oxidised by h, -sting witii /...fas/; ,H ^^„lvc(i), 
or with a/;.u/mc iC i,.- -;.p:, rated. 

(•rz..|.«s. C’ g It.), with ,uiH 

(1 IS separated, Wohl. r a. Dt ville, .1, inj 52, 
03).— 8. Ji hums wlieii lirate.l in n,!nc'oxidi 
rning P ' * * 

1 B.- 


10. 1*.', 

Yin 17.11 - 


Tf.'l). 

Tlieso ol-iuenU are all m. I.illie with (he ex- 
ception of B ; in tho n'ii- ii.-ns f.f B.O, towai.ls 
certain acids (p. 527) B shows that' it ninv act 
as a feebly luetal-lilce elcum-nt. Boric ac-itl is 
an extremely weak acid ; it.s atVmity is very 
small. Tho borale.s are very un.st.ablo salts, 
ea.sily decomposed, oven hy water, to boric acid 
and basic oxido.s. The la.st member of the group, 
Tl, shows distinct analofde.s with tho ,1 Itli series 
member of the next gnmp, \i/,. pb ; B .shows <lis- 
tinct analogies with the 2nd serie s member of tho 
next group, viz. C. B occurs in Series 2. all tho 
succeeding members of tliis series— C, N, (). F ■ ! 
are very negative and non-melallic; the general I 
character of tlu* seiie; to wliicli it belongs is I 

Btanipe-l mw n n fi.v. ..1 i 

feebly 1 


I..U.U.0UP. xh„ho.,;g;i^;~ip^^ 

I "•-'d. At a red lu-at B .leeomposes i^ulnhuu Urd 
\ hl!dro<icn, hy,'ro.!rn chhutde, and .tmuumUi, 
forming n spectively B.S, and Jl, B(M, and H. 
BN and N. 10. Many niel.illie chlorides and 
Kulphnles, I-.,/. pbCI.. .A-C!, J“bS, ate rediicrd to 
nu tal when heated u.ili B. II. From a.jiiemia 
Kolutums of f/o/./ ddondr B pp .. Au.-I2. 
A.pieou.s solutions <if c, nU;alis do not 
iea»'t with ft. i;t. Soc.illed erystallino boron 
reiiel-; similarly to nmiuplmus boron, but tho 
reaelions oeeur o:iI\ ;ii high lempemtiires ; it it 
oxi»li.sed with iiineh diirieiilly. 

Jtt tftrn.'t's. (liiy Lu.ssae a. Tlu’nard, 0, A, 


.30, 3( 

63 ; Davy, (i. A. 3.*), 

113; 

Weliier a. Deville, A. 

10.3, 1 

67. 

Boron. Bromide of. B1 

(!»0-.3' 

) (Wiihler a. Deville 

S.ii. 

2-6'.> (W. a. I). /( .). V 

/•’ 

onnainm. 1. By ,u ti. 

C at 

Wat (I'oggiale, C 

luating ]; o,, witli PBr, 

061 ). 



!)•,. Mol. w. 2.70-22, 
A. Ch, [;{J r)2, 851). 


interval 30'^-7U-’. In 1873- 1 AV. her Vaiefullv 
determined the S.Il. of crystallised boron (r. 
P, M, [4] 45), Kil, 276); the following table 
summarises his results : • 

S.II. of cri/<lalliscd boron, 
f- > H. B.n. X At w. 

-40^ -Jill. a 2'Jl 

4 77 •27il7 S-Ol 

177 •3;}78 . 3-72 

2;i;i -.366.3 ^ 4 03 # 

The S.H. increases a.s temperature risrs, hut 
the rate of increase per 1° i^ much smaller at 
high than at low' temperatures. The variations 
in the rate of increa.se are almost identical with 
those observed in the case of carbon 0/- r.); 
assuming that this identity remains nt tem- 
peratures above 23:F, the value which the 
B.H. of crystallised boron will attain at aliout 
1000® is approximately -5. Wei er did not 
analyse tlie crystals of boron OBc-d ; they were 
prepared by heating boric acid with 4 I. Accord- 


12, 127). 2. By 

- f ■— --.v w. . v»niui.,vM-.i ; . 1 v-^'^tavBon, Ji. 2, 

that very few eompounds of B, excejit the j ^^*’**- 

borale.s and their derivatives, have been fullv : J'f'of>orufio)i. .\morphou.s B is loosely 

studied. * : packed into a glas.s tube, the tube is gently 

Si>ecUlc hrat. The S.II. of B as determined "‘“''*' *1 and H is jms^ed through it until every 
by Kopp, Ih'gnault, and .Mixter a. Dana (.1. J2<;, ; moi.vtun- is |•••moved ; the H stream is 

.362; Siippl. .3, 1, 2>!); J. 1861. 2li ; A. 16‘.l. 3.^8) I f^h'pp'*'!. the corks of the tube are removed for 
varied from •22.> to 262 for the temperature- j >"»"i. nt or two, ami then the B is gently 

“■*“ ' ’ ' ’ ’ * In :il< il ill a .strc.ani of dry Br vajiour, and the 

li'juid BBr, is led into a dry flask surrounded 
by ice eol4 water.* The BBr, is freed from B| 
by digestion with Ug, ami ilistillation. 

J’liijitrtics and liau'tum,^. — Colourless, 
strongly fuming, liquid. Beacts with H,0 to 
form lIBrAq and II.,B(»,A^. Foiins a ermipound 
with dry Nil, (r. fllso Nickles, C. li. 60, 800 1 
(Jautii r, C. H. 63, 020). 

Boron, Chloride of. BCl,. Mol. w. 117 08, 
flo ' ^'tjat 700 mm. (If gnauit, Acad. 26,668), 
S.(t. 1-3.5 (Wohler a. Devillo, A. i'h. fS] 52, 

1 i.J ). V. I ). .68-2. II . F. [ B, C) \ 10 J ,000 (Trooit 
li. Jl.auti feuille, C. U. 70, iHo). 

Fonuatum.—l. By dinct combination of 
B and Cl (Jk-rzeliu.s 2, 147). -2. By tho 
reaction of Cl with B,0, and C at a red hea| 
(Dumas, A. Ch. [2j .31, 4.J6 ; .3.3, 370).— 3 By tht 
reaction of B with dry HCI.~4. By reaction 
between IlgCk., I'liCl.^, or AgCl, and araorphoui 
B.— 5. By heating B.,0, with PCI, to 160® lot 
some days (Oustavson, B. 3, 426 ; 4, 976), 





B ii hMied Bt B 
tmiil quite dry. then in dry 01 (detaili v. Bonosr, 
nnoMii^B or) ; the exit<end of the tube is con* 
nected with a Y tube, the upper part of which 
is surrounded with a mixture of snow and salt, 
and tlic lower liioh pasaeH into a dry tube' 
also Hurrounded by .^low and salt. 

Pnypertif.t. (.'olouiless, highly refractive, 
liquid. Vrry (i.vjiaii'dlile by heat. I’uinea ^ii 
air with drcoiiipo.dtiuii. 

ItmctumH, 1. With loatcr forma fl,Ih).,Aq 
and IIClAq; [liCP. Aq] 7'>,200 (Truest a. 
ilautcfeuille, A. (Ik. |.i] 0, 70). - 2. Not decoin- 
|>osed l»y lu tttiiH; will zinc-dual to 200’; or 
with aixli,uni h< low lol)*^, at 150’ B is aeparated. 
3. Heated for jiome time with KUperlicially 
oxidised sodiniM Hinah^am at 150 ‘ H ia separated 
(Guatavrtoii, li, H, 120). 1. Healed with 

the eonipoiind HCl,.l'OCl, is formed {v. infra) 
(Giihlavsnti, ll. 4, '.»75). 5. Heated with aulphnr 

fnVvidr, B.O, and SO.GI.. are formed (Gustavstm, 
lx.).- 0. With (ilcahoi forma H(GKt), and HCl. - 
7. With NO, reacts to produce HCl,,,N()(:i, JLOj, 
and 0 (Geiitlier, ./. yu. (2) 8, 851). 

<\nnblniifiiina. J. BGI, vapour passed into 
roGlj furina erv.flalH of |{Cl.,.l’OCl, (Gustuvson, 
71.4, 075). This eompound melts at 7d ' in a 
clo8e<l luhe ; hy Kiibliination it separates into lU'l , 
and I’tK'l., ; it is deeoinposisl by water, or inoii-t 
air, into ll,l’(),Ar|, H.,H(),A(|, and HOlAq. Tin* 
samu compouiul is produced by the loiction of 
HCI;, with I'.O,, and of H^O^with l*0(d, {(l.f.c.). - 
2. With amuKrnid >i<ia ^dves 21iCla.dNH.„ with 
production of much heat (Berzelius, /*. 2, 117). 
Jl, The compounds BCla.CNCl, and BCl,.CNli, 
are bnown (Martina, .4. 100, 80; Gautier, (!. It. 
0:i, 1)20). 

Boron, Fluoride of. BF.,. Mol. w. G8-27. 
V. 1). :);i-7. s. (0") loi.'i. 

/'Vmnlum. - 1. By reaction, at white heat, of 
an intimate mixture of 1 part BJ)j \^ith 2 parts 
CaF.j free from silica; Gay r.ussac n.*l’henanl 
(^. Ch. til), 204) prepared BK, hy this metluid, 
in 1810, usin^ ve.ssels of Mint, and colle<‘l iiii.: lie* 
gas over Ih'. 2. By heating I part B/>j with 
2 parts I'aF.; and 12 parts cone. II.SO,,\q in 
glass vessi'ls (.1. Davy, T. 1812. dO.'i); or 1 part 
H,/),, 1 part ainl 20 parts H .Sl), (I'Vriari, 
J, rh. II), 48). Prepared thus, tho gas always 
contains Sil'\ (Berzelius, V. 2, 1 10). 

Vrepamtion. - 100 parts KBF,aremixod with 
15 20 parts fused and tinelj’ powak'ied B.O„ 
ftjul the mixture is heated with eoife. HXGjJ 
tho gas is eolloetod over ITg (SchilT, ,1. Huppl. 
5, 172). 

iVoyc/f/os.-- Colon-loss gas, with sulTooating 
odour, condensed (oa limpid iiquid at— 110’ atel 
strong pressu 10 (Farailay, 4. 5»i, 152). Acts on 
organic matter like coiu\ H.SG,; ineombuslihle; 
not tlceomposed by eltt'trio sparks ; dot's not 
act on ghi.'Js ; is very stable, not decomposotl 
by Fe at red heat. 

Itcactiona. 1. with tculcr forms horoMuor- 
hydrie neid l!BFj.\q (r, in/m), or Hnoboric 
acid HBtX.MHF (r. p, fidO), according as the 
IIF, is passed into water until tho reaction is 
acid, or until the water is saturated (r. infra). 
[BF*, Aq] - 24,510 (Hammerl, C’. 7f. DO, 312). ~ 
2. Cone, sulphuric acid absorbs BF, (about 50 
vol*.), on adtling water boric acid is ppd. 
(J. Davy, 2’. 1812. 303), — 8. Alkali, tknd alkali::^ 


Mrtht nutak M loiimltiK boro*^ 

fluoridci Bud B TBcnteHot, P. % 188).— 4. Witb 
aleohol boric acid and ether are form^ 

CombiTuitionB. — With ammonia to form 
BF,.NH„ a solid body not decomposed by iabU. 

’ mation; also BF,.2Nn, and BF,.3NHa, liquids, 
decomposed by heat, by e.xpt)sure to air, or by 
I dry COj, giving N.I, and BF,.NH» (J. Davy, 2'. 
i 1812. .308). According to Kuhlmanri (zl. 39,320) 

I BF., also combines with the oxides of N. 
i BuKori.uoiiiiYiJitio Acid, and BoiiotLOoftiDES. 

I HBF„ MBF,. {HydroJluoljoric acid.) When 
! BF, is led into water until the liquid shows a 
; strongly acid reaction, and the liquid is cooled, 

; { of tiie B of the BF, separates as and 

the rest remain.s in solution in combination with 
H and F. By ne itrali.sing tlio liquid with 
KOlIAq, and evaporating, a salt liaving tho 
conipo.sition KBF, is obtained. If the acid 
, liquid is evaporated IIF ia e’.olved, and 
H ,B/),.<>IIF remains in solution (v. FLroBouio 
I Afii* umb‘r Bonny, o.vyacids ok). According to 
j Landolph {C. It. HG, G0.3) the acid IIBF., may be 
I obtained a.s a colourle.s!? li(juid, boiling at 130^ 
j with partial decomposition, by tho reaction be- 
! tween BF, ami anetliol (C„H,.OCIl 3 .C 3 H ,) : tho 

■ acid reacts with a little water to ])roduce HFAq 
ati'l IlBO^Aq. A .solution of IIBF, is also oh- 

. tainod by dissolving crystalli.sed boric acid in 
dilute, cooled, IlFAq. 

i BoROKi,croj:iDi:s. These salts have been 
! chieMy studied by Berzelius {P. 2, 113). They 
, an* obtained by the reactions h(‘t\veen (1) me- 
tallic oxidr.-4 or earl)onat<'S and Jll>F,A(i, (2) BF., 
or HB(>,.3JIFA(i and metallic Miiorides, (3) 
j HF.Aii and metallic lliiorides mixed with HBO.^,; 

] in tho last cu.sci half the nn'tal of tlie Muorido 
; usually forms an oxide. Most horolluorides are 
' crystalline, soluble in water, decomposed by 
heat to BF, a»id metallic Miioridc ; lieated with 

■ cone. ILSi),, BF;,, llBF,A(i, and metallic sul- 

■ phale, are proiliu-ed ; fused witli alkali carbo- 
nates th<?y form a mixture of alkali metal fluo- 
ride ami alkali borate, this reaction allords the 

' hasii of a method ft)i- analysing tho borofluo- 
ride.s (r. Marigiiuc, I'r. 1, 105). Many boro- 
fluoriilevS are. partially decomposed by water 
forming so-called basic salts, c.rj. Ba( BF,).„ 2 il 30 , 
Cu(BF,)., l’l)(Bl'’,).. ; some “C.y. the Ba or Pb 
; salt are partially decomposed hy alcohol ; the 
: aqueous solutions of P«*vfral - e.y. 

■ Ca(BF,)^ redden blue litmu.s. 

rotasaiinn Innojluoride KBF,. Obtained as 
' a gelatinous j)p. by adding nBF,A<i to a soluble 
I K .salt. Prepared by Stolha ((', f. 1872. 395) 
by heating to boiling 1 part crystallised boric 
acid, 2\ parts po\vdere(l (’aF., and 5J parts 
cono. ILSO,, cooling^ liltering, ppg. KBF, by 
' addition of a goluldo K salt, crystallising from 
•lot water — S. (^Id) 70. -The salt forms white 
j lustroys six-sidcU tabh*s ; may be crystallised 
j from alqphol or alkali carbonate solutions; 

■ melts when lieated, and at a high temperature 
; ilecomposes to BF, and KF. 

; The other borofluoridcs are A1.,(BF4) , 

: NH,BF„ Ba(BF,)./2H..O, Ca(BF,)„ Cu*(BFJ„ 
j Pb(Bl’\),. LiBF„ Mg(BF,),, NaBF„ Y,(BF,)„ 
Zn(BF,).„ 

1 Boron hydride. No hydviilo of B has been 
! obtained free from 11 ; but the experiments of 
'■ Jones (C. /. 35, 41), and of Jones a. Taylor 
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iViQMmlion.— An intimate mixture of 1 part 
reoeDti;f heated B,0, and 2 parts Mg dust is 
laced in a Hessian or iron crucible, the lid is 
rmljr wired down, and the crucible is heated in 
an orainary fire; a violent reaction occurs, the 
crucible is at once removed from the tire ; the 
fused mass -a mixture of B, M^', Mg^L, Mg,X.j, 
and MgO -is placed in a small llask along with 
a little H O, and cone. HCIAq is allowed to drop 
into the flask from a stoppered funnel tube ; the 
gas is collected over water, or is dried by ('aCI . 
and collected over llg. Mg,B. may also be 
prepared by direct combination of B and Mg, 
or by heating Mg in liCl, vapour ( J. a. T., C. J. dl). 
214). The gas consist'? of II mixed with a very 
small (piantity of B hydride. 

Auahti^is. A kiuovn volume of pure II was 
burnt, by liot Cut), to I TO, and the H^.O was 
weighed ; an cijiiai volume of the gas prepared 
as alwvc was burnt in the same ai'jiaratus, and 
the II., 0 was weigiicd ; ^he exce.;s of UjO in the 
second experimejit over that in the first gavo a 
measure of the (1 eoinhined witli M as B hy- 
dride. The results showed the composition of 
the hydride to bo Bllr where x >2 and is ap- 
proximately .'h 

rrojicrtics an<l licfictions.-- ('-»l(mrlcs.‘), very 
disagreeable odour, siiaringly soluble in water, 
solution seems to lie unchanged on keeping. 
Gas burns with bright green flame produemg 
lI,iO and Decomposed by jia'^sing through 
a hot tube to B and II. llcacts with AgNOjAq 
producing snail quantity of a black pp. con- 
taining B and Ag, and decornposod by II .0 giving 
B hydride. Iteacts willi K Mn.j()„Aq giving 
MnO.., ami JlJ50,Aq. Coinbines with Kll, 
(cone. NH .Aq'i to form a crystalline compound, 
of unknown comjiosition, decmiiposed by ac^ds. 

Itcfernicr ^!. — Older attempts to preparo Ijy- 
dride of boron : Wohler a. fteville (A. Ch. [.'1] 
52,88); Gnullicr (.7. isfl,". 12"i); Gnstavson (/. 
1870.521) (r. alst) Bcinil/er, S:t:. U'. 82, TOO). 
Compounds of B with iiaraflin radicles are 
known, eg. Blit, (r. Bom*N, Ouoamc dkuiva- 
TIVKS or). 

Boros, Hydroxides of, v. Bouon, oxYAcins 

or. 

Boron, Iodide of. Not known. W<»}iler a. De- 
TllJe (A. Ch. o’C r*2, 00), by the action ol I on B at 
a high trmperalure, oblaine<l a body which the.)* 
regardcil as an o-xviodiih*. Agl doea not react 
with B even at the melting point of Ag. 

Boron, Nitride of. BN. Mol. w. unknown, 
as compound has not been ga-ified. Obtained 
in 1812 bv Balmain hvmMtmg B.O, with KCN 
{V.M. 170; 22, 467 ; 2;i.*71 ; 21, 10I)| 

Composition determined by Wfhlcr in I8.7O {A. 
74 , 70 ). ^ • 

Formation.- 1, By heating B in *N, or in 
NHj. ~2. By heating to whiteness a mixture of 
4 parts B.O, and 1 part charcoal powder in N. 
8. Bv heating borax (Wohler, he.), or bone acid 
(H. Koso, P. 80, 265), with NII,C', or KjeCy, 
fW. Z.C.), or KCN, or IlglCN)., or :.rea 
(Darmstadt, A. 151, 255).- 1. By heating 
2BCl,.dNH, and passing the vapour, along with i 
M{|, through a hot tul»e (Martius, A. 100, 80). 


I iVap(iriali(M.>-A mixtora 0 ^ 1 part diliy* 
drated borax and 2 parts NH^OI^-or 7 paiU 

B, d, with 0 parts urea (Darmstadt, f.c.)—ii 
•strongly heated in a covered Pt oruciblo, tha 

finely powdered mass is boiled with much water 
containing a little llCl, washed w'itli hot water, 
B O, is removed by careful Ireaimcnt with 
IlFAq (Wtihler, f.c., could not renuu ' all B,(>| 
thu.s), and the BN is washed and dried. 

Properties. -White, light, amorphous, |>o\v- 
dor; insoluble in wait r ; iirfuKibh- ; soft (like 
talc) to the touch; he.nti <l in the edge of a (lame 
exhibits gni'ni.sh uliit<' pllo^phlll■l•sco^ce ; very 
stable and very slightly aetrd (Ui by most 
rcagc;4ts. f.g. by heating in air, (), I. H, CO,j, or 
('S.., or with cone. liClAq or JlNt),Aq or KOllAq. 

Reactions. — 1. At a very high temperature 
reacts w'ilh chlorine, to give lUU, (Diirm.stadt, 
.1. 151, 255). - 2. Ileati'd to redness in stentn, or 
to 200^ in a closed tube with water. Nil, and 
ll;,BO, are formed.— 3. With viol ten inAash, 
Nil, and K horato are produced. 4. With 
molten carbonate KCNO and KBO., 

are fornu'il, if much BN is used K(’N is alsopro^ 
ducotl. 5. ()xi,i, s of }‘b, Cn, or Jig are reduced 
bylu'atingwith BN, with formation of NOorNJ), 
(Wohler, A. 74, 70).-- 6. Heated with coiio. 
suliihuric aci<I, or with cone, hifdrochloric acid 
to 200'^ in closed tubes, NH, and Hj,Bl)j, aio 
formed. -• 7. With cono. hydrojUione. acid 
Nll^.BF, is formed. • 8. Heated in an alcohol* 
flame fed u it/i oxygen, BN burns to B..O.,. 

Boron, Oxide of. B.X),. {Roric anhythnle.) 
Mol. w. unknown, ns compound has not been 
gasified. [577 j (Carnelley, C’. i/. 27H). H.O,. 

l-75 -l-8:i (Playfair a. Joule, C. S. Mnn. 3, 57; 
V. also Ditte, .4. Ch. [.5] l.'t, 67). S.H, (16'^ 1)8 ’) 
•2:171 (Bcgiiault, A. Ch. [.'t! 1, 12!)). H. K 
IB .O’j ,317,200 (Truo.st a. Hautefeuille, A. Ch. 
tt) 7(^. * 

Preparation. - By heating 13 in O, or by 
strongly heating li'>rio acid (i/. ti.). 

Projierties. ~ .*-emi lranspurent, eolourlnss, 
brittle, inodorous, glas.s-like, Koli<l ; volatilisia] at 
a very high temperature (Kbelmen, A. Ch. [3] 
22, 211) ; volatilised in .steam or ah’ohol-\apour ; 
nonconductor of edeefrioity (Bap.'eliin a. 
Tichanowitsch, P, M. (4J 22, .308 ; Bowgoin, 

C. R. 67. 70h). 

Rra'timis. - BA is a very Klal>le compound ; 
it is not dW;om])osea by healing with powdered 
charcoal or with P vajMUjr. It is an anhydrido, 
but apiieara to show a feebly bn-?ic eliaructcr in 
its Tfaclions with certais uci'ls {infra 6-8). 
1. Heated with potiieirinm,so lium,n<^nluminiumt 
metallic oxide and B are formed. - 2. Mixed 
with charcoal and heated in vitiogen, chlorine^ 
brojni le, or carl/on iJis'^lirl.i 'e, BN\ BCJ,, BBr„ 
or B;H,, is formed.— 3. Ralt.i of most acuis,e.g. 

• ulphat' B, nitrute.s, carbonal- , arc decompowol 
by heating with B./), to u high temperature, 
with production of borates and volutilisation of 
the acid (n, Tate, (J. J. 12, 160).— 4. Beaels witli 
most metallic oxides at high temiiernturef 
to form borates. — 5. With watrr forms horio 
acid (q. v.). - 6. B,0, is said to react with 
fuming suljdiitric acvl to form a compound 
jtB t/SO,.rI I .G ; the val uch gi ven to Jc, y , and x by 
different ohemiita vary ; thus Merz giv«s titefor* 



Tbit compound it eatUy a«eomp<MMd hj heat to 
B,0| and 80,.~ 7. B*0, it said to form a qpm- 
poond with phosphoiic anhydridct BjOj.PjO, ^ 
tbit body it produced by heating together 
H, BO, and cone. fl,PO,Aq (Vogd, Z. 1870. I'iA), 
and rernovirig oxcchh of the latter by hot water ; 
it it also fornu d, according to (iustavaon (li» 3, 
430; 4, i)7r>), by licuting H,0, witl» TCI, to l iO'" 
for 3 4 dayM, and abio by heating 11^,0, with 
POCI, to 100 170 " for 8 to 10 hoiirij, distilling 
of! the POClj.HCI^ formed (v. Doims, ciinoiirnK 
or ; Coynhinatixus, No. 1) and strongly boating 
the residual solid. B is said to bo in* 

folublo in hot water, to be luiacted mi by acids, 
dissolved by boiling KOlIAq, and to bo dec(nn- 
posed by in alingwifh Na, giving Na phosphide, 
and pr<ibably phosphide of A com- 

pound of 11.0, with tiouiHtit: ayihf/Uri'le 
(B.^O,.OWO,.3fr^O) is ileseribed by Klein (lil. (2J 
HO, ‘JO.'il, V . Tijnoskoiouatk.s, under TtisosiKy. 

0. 11,0, di.'iholves in hiidrojluoric acid, U)Xtnix\^[ 

U,0,,V'II1 ll;0 ( . H,H,O,.0m<’) (r. FM:on..iae 

Acin, iiiidcr II 'll' 'N, oxvvf'ios <>i*, p. o.'lO), 10. 

When a .solution of 1 part Il.t), and 3 p.arts 
K11.(',H,0„ in 31 [larts H/) i.s evajiorated to 
dryne.is at 100 ’, and the n udne is treated with 
aleohol, a white, amotphons solul romain.s, in* 
soluble in alcohol but very solublo in water. 
This solid has the composiliun C,lIjKIlO,; its 
reaetions are similar to tho.se of tartar oinelie ; 
probably it is tlie K salt of an aeid ll.C,H,(VOll 
analogous to the acid iSb.(’jll,0„.0IJ obtained 
by Olaike a. ritallo (/I. l.*{, 17s7) (e. l^feyrae, 
J. Vh. .'1, 8; Souboiran, /'//. H, HOO ; 11, bOn ; 
3r», 711; Ho, 311; Dufloi. HH.'l ; Vog. I, 

,7. I'h. H, 1 ; Jtobi(inet, J. f'h. [H] 31, It»7; 
WnckenrodiT, Ar. Pit. [3] ."»•*<, 4 ; \Vitt-,tein, 
n. r. [H] li, 1. 177; Diive, .7. isC,!!. piot, 
A. Ch. [Hj U, 83 ; v. also under 'I’.xian^n s). 

Boron. Oxyacids of, and their Salts. Tim e 
dctinito hydrate.-; of ILO, appi.ir to he known; 
OrtliolHyric itcid H/).,.;!!! J) ( 11, 1 'O,), tni-fahanr 

avitl J1.0,.ll,O ( il.H.Oj), and p-. enb.nb’ (or 
UMofic) ,tctd 311,0, 'ir.O( II ll.V),}. .Another 
hydrate 3IljO,, HILO wa . d •,-;<* ri bed by lleivelins 
(5. 3H, 101) us iddaiiod by In.iling H.l'.O, 
•considerably over 100 Most ni- ta'die borates 
may be regarded as derived from Hdl 0,; some 
— c.fjr. borax from II ji few are perliaps 

(lerive<l from H,.ll,(t„ e,./, and in 
addition to tin .se sev. r.il borates wliicli 

at prisent must be regarded simply ns eom- 
pounds of r. Oj with inetallie oxides (r. in/r,i). 
All tlie boric aeiiLs aTe * weak ' U4'id.s, their salts 
are easily deeompii.seil by rt>aclions with other 
acids; the atVmity of boric acid is extremely 
gniall, Na.Ii.O, in solution isentirely decomposed 
by an e.juivab nt of U..t4t)j (77;. 1, 30',)). Borates 
of the less p(,,.itive nndals are usually formed 
only by fu.sing togi tlier B,0, ami the metallic 
oxides. M.any of these borates arc decomposed 
by water; some of tliein are partially converted 
into carbonates wlu'ii exposed to the action of 
moist air ; bornte.s even of the X’ery positive 
metals readily combine with boric acid to form 
acid salts, but tlu?sc salts, although containing 
excels of boric aeid. uaiially turn red .litmus 
blue; oven alkali borates are partially decom- 
ppacd by water. Thomseus iliermal invei- 


AbtaiMil 

thms^ 

w[mNa0HA<i,B*0*Aq3 
1 11,101 

3 20,010 

3 20.400 

6 20,640 

The normal Na borate ia therefore Na^B;,0|. 
! When boric acid is added to a solution of this 
salt heat is produced; thus; — 

m Na-^B'0‘Aq,mB‘0’Aq] 

; 1 2,103 

4 4, on 

Acid salt.s are therefore probably formed, but 
the reaction of the solution towards litmus is 
i still nlkaliuo {Th. 1, SOti). 

OaTiiojiOHic Aero. If, BO, {Jioracic Acid\ 
Boric Acid). [181°- isiV'j (Carnelloy, C. J, 33, 
; 275). 

(kcyirroice. In the waters of m.any volcanic 
districts, t.g. in '1 u .cany ; in many mineral 
.-prings ; in enjnbinafmm with .V.i ns borax— 
in the wat< rs of ct-rtain lal.c; m S. America, 
i Thibet, Ceylon, Ac. ; in s<‘Vi rat mineral.^, e.g. 
boracite (borate of b<>r(ituUn i ,tlcitc (borate 
of Ca and Na). 

IWniftfinn. 1. B;.’ o.xiili-itig B w'ith aqua 
rcijia, evaporatin'', di-, olviog in water, and 
recrystalUsini;. ■ 3. By di.s.solving B.O, in 
• water. 

j Wepnm/um.-- 3 part.s eryslallised borax are 
j dissolved in 13 p.art.s boiling water, and (after 
; filtering if nece.-;sary) 1 part cone, H,SO, is 
' added ; boric acid separates on cooling. The 
crystals arc gently heated, roerystalliseil from 
1 wat> r. dried, fused in a I’t crucible (to remove 
I all If SO,), again rccryatulliscd from water, and 
! <lricil liy pres.suro between filter paper. 

I /’;• '/tcOiV.f. -White, sc'ini-tran.^pareiit lam- 
[ imt*; triclinic (Miller, P. 3H, 55H), monoclinio 
(!:"n;;..tf, SiL\ IK. 12, 31)). S.G. 1-^ l-43t 
: (.'M.dba, ,/. pr. PO, 4.')7). S. ( IH^) H-y, (3.^) 6-73, 

; :. ) 7 !», (50^) ‘J'84, (63'.V') KvHl, (7;V’) 3M6, 

i (S7 rp) 3817, (100^) .HH 67 (Brandes a. Firnhaber, 

I .Ir. Ph. 7, 50; V. also Ditto, C. It. 8.5, 1060). 

■ S.G. of JIjBOjAq saturated at IS'* 1*02-18 
(Stolha, J. pr, DO, 457). Heat of solution, 
[IDlUB.Aq]- -531)5 {Th. 3, 100). Soluble in 
alcohol and several oils (Hose, P. 80, 262); 
.soluble in warm cone. H SO,, HCl, or IINO,,Aq, 
hut iiu'st of the boric ncitl scparale.s on cooling. 
.Aqueous solution turns blue litmus wirie*red, 
and turmeric paper cherry re;l; alcoholic lolu- 
tion burn.s with gieen-cdged l],aun‘. 

Jicadiims.- 1. Jhated to iOO* ii 

produced (Sch.ilTgotsch, P. 107, 437; Bloxam, 
C.J. 1*3,177; Merz, .J. />/*. 09, 170); boated to 
I 110'^ tor a long time, or to 160’ in a current of 
mry air, ll.B,0;^'s formed (Merz, l.c . ; Ebelraen 
a. Bowpict, .4. Ch. [3J 17, 63); heated to aboui 
HOO'*'* thevxido B.O, remains. Berzelius (S. 23, 
101) said that‘lI,B,(\ ( = 2BA-3H,0) is 
formed by heating H,BO, to a temperature 
‘ considoiably above lOO'* ’ ; Merz (l.c.) affirmed 
tho production of 8BXVH,0 at 270°.— 2. Boil- 
ing cone. H,BO,Aq dissolves a few tnetallio 
sulphides arid oxides (Tissier, C. E. 39, 192; 45, 
411) ; decomposes alkali and alkaline earth 
carbonates (Popp, A. Suppl. 8, 10). — 8. With 
alkalis and alkali’-carbouates salts of the form 





Unr metanw lalfai of (bo f(^ , 

•» o«riaiQljr Imown; hence H,BO,Aq i«aeto m 
iE^yOvMl (fMiso Borates), Ethereal salU of 
Me,BO|— are known, but 
none of them is directly formed from H,BO, 
(p.630). 

Metaboric ACID, H lijO, ; and pYUnnonic or 
TRTitAjtoRic ACii», H , ]}/).. ForniiMl by hiauiii* 
H^O, («•. supni) ; likf, amorphous stdids. 

SoiuesttltKof II.IU), are obtainfd by the rt aotii'ii 
between IJdl.U.Atj ami ulkulis; salts of ILlijlK 
ire obtalntd imlirccily (r. iu/ru). 

Boiuir.s. So borate is ipute insohiblo in 
water; the alkali Iwrates are \t ry solubl.*. The 
Ices soluble horntes are easily decomposiai by 
water, the easily solulile sails an* also decnin* 
posed, but less tjuickly; an alkali borate, for 
instance, in cone. a-|u<ous •solution sli;!htly 
reddens litmus, but when muclj water isad-b.d 
the litmus become.s blue. Sohilions of alkali 
l)orate.s absorb C'O, and II Is; tln-y liiA’ninjui a* 
Nil, halts when hoiled with them; dilute solu- 
tions n aot with IJ;' and "Af' salts similarly to 
alkali solutions. A few boiate.s eaii bo oblaim I 
as definite, fairly stable, sahs by precipitation 
from .solutions ; *KHM t),.'JlJ <) s<'parates fii>m a 
fiolution of K.CO, in ♦ xe* -> <jf 11 to whi.-h 
much KOH.V.i lias b. < n a<bl. ,l‘; Mi;ll t), 111 o 
is said to be fornnd liv tie- re.ieli<<n ludween 
borax Polulion and The more 

definite bnr.ates are penetally o-.iained by Jiie’t- 
iiiii to}.;et]ier ami ba-iio u\i>ies. As a class 
iliC boruh'S Very n'jetily unden’o idiaie^-i- ; llio 
compoetion of very many is therefore extremely 
doubtful. H. lb,;o. wiio invest - .i-d many 
borafO's. did jiol atte;ii|it to wa.'di b;s pifpara- 
lions, lajt [•!< ed them );( tween liit< r p.-ip'-r till 
dry, aif'I the;' ’dt t* imincd the quaittit-' • of tin* 
admixfol fon -.en suUs. Me. t borai- - ! m to 
bedong to the two forms .M.H.H, ami M 15 ,<> ; 
juany niav be re|.re.,cnted as’.M 1: <>,../ li 15 
and M,d5,() ..ell lij),: a few - .'O.ln 

may be r';’Jirde.i as il< livatives of H-.PiOj. The 
b<J8t-mark( d berate.'; are. the .s.alt.s of K atid Na. 

JPo f a s ,s' i u 01 b 0 rut fa. - 1 1 ) Nonoit. J i/h'ta - 
iMjratc, K fjn,. .Monoelinic crshlals {u-.hu. • 
*i;7b) ; hy nieltii'e. at white lie.at, 1 part 
BjjO^ with I'b.'j parts di --.olvin;,: in wa’er, 

uvaporatuif.' to a synip out of t with r.ir, 

and cry -sfalli, sill,'.' iSehabu.'^, }>> <h r 

Kryatall'ji'-'^taltni Ae, ,\Vien, l.s , rilj. pii 
Actd mflabn),!!,', K ll di,,H d’.,( IH .( h Ib entar 
,8i*-Bi(led pri -iij.. ; Im s!iiur:itin."b /i!i?;(.r K (;<» A(j 
with B^Oj,Aq, addin.; KtdlAij to .-■troi’.',' ;.' aika- 
lino rt'actioti, evaporatin.e, ni'<l cry. taili-.in;.; 
(Laurent, A. Ch. [‘2 ''7| .Said loseni. tijMes 
crystallise with oHd> in ri!*;mbic pri.m.s; and 
to lose HjO when lu at, I in a clo-ld ve,;sr l. - 
(3) Otfm acid K,B,0,.fH,i5,(),.r,Jl <). 

obtained like (2), but usin:; le:>s KOl.^.Vq. 
8iyB,0,.4HJk.O,..aH,()(or 4H/M. by adding 
* to boiling K/^OjAtj un.d solution has a 

slightly acid reaction (Hammelnbcrg, i*. 95, 199; 
Beissig, A. 127, 33). 

Sodium bora Normal fu/fa- 

boraU, Na.B.^,. iHd), Barge monoe' .nio 
prisms; by fuFing 1 part dry Na,COj with M7 
pRTtS B|6j (or with 3d> parts cry :>ta] lined 
BOrax)* dis.iolving in water, and crystallising 
' Vmt. I 


ohtr«r tir* id 

^th 3H«0 scppinitcc on cooling. MM nil 
KaF, in solniion, and crystallised, luk 
NaBjO^.fiNoF.HjO separates {v. Ftw»oi»o actt 
(Hahn, J, 18;>9. 128).— (2) Acid nwtaborata 
MiB.0,.3HBj 0,.7H,0, luptrous, hanl, crystal 
i line, crust, obtained by Imiling solution of 1 
t etpiiv.'?. borax with 1 cipiiv. NH,C1 so Ion; 
j.s Nil, evolved, and crvsfaiiihing (Bollcy, A 
rs. r-j), Na.n 0,.41! Jt.tVTlI (>, small crystals 
obutiiied by di.-.olving in water 1 f tpiiv, borai 
) With 'M-qmv.s and crv.siai'i ing (Laurent, 

I C. It. 29. r>). (3) Orthoho'itc.^ Na,BO,. Said 
: to bo foimcd bv fuhiiig HO, with excess ol 
; NaOll (l;i...xam‘lh J. M, ltd). (1) Tfira, oi 
pj/ro, ioratts. (a) Borax, Na l5,(b.l9H,0, 
ordinary or prihinatic borax; Nu. 15,6, ,511,0, 
(H'fabedral borax. The f.irmcr occurs nativo; 
it is obtai: f.l by purifviii}; iTttdc botax, or by 
firming 1 part thy Na.t’O^ with 2'3t I'avts ll,Bl)„ 
dis.stiKinp m warm water, ami sU»wlv crystallis- 
in;.: fiom a solulion of S.ti. l-M -M.'i (B.l*. Il5l''), 
siiippiii'.: wile-', the lcmp< i.iture ha.s fallen to'iA ’ - 
39 . Tlicsalt vvith.51l_i>M-paratesfroiufttiucous 
solnlions i.f tudinary bo:axof S.(l.l’21b at huii- 
pctiiliirc.s betwn n 50'’ aiel 7t> or from super- 
h:itui:i;.e<l st'lutituis of the ! aiiK’ salt prtitcclcd 
fioiii dust, or fi'om n'l'ic'iu:; stdiitions of Jiny 
;lr. i.gth c\;iporafed at 10 ' to 12 ’ ((Jcrricz, 
7''5, tW). Oid.iuu!/ bora.r orystallincs in 
. lair.e, lraii.s|iarent, colourless, doubly refractive, 
inoKoeliiiic piihiiis (u.-oa' l'tt9:>,''<;i gf'ti’.’O. 8 

, 7:i'’j.V), s.ti. IT>9 (I'liho', .4. (Ui. !:5| 21, -iiri). 
N. i'.t ) ‘IH, (20 ) 79, (HI ) 1.7'9, (<'>0'‘) .|0d, (Mh'') 
7'e2. ('.Hi ) ll'.l ?, (lOO ) 'JOl'd (I’opgiale, A. t.Vt. 
(3 .u. ’.•■.dh S.(5. solution saturated at 15 ' -x 
j iir.iO (e.intaijjR :iH-191 boraxt (AMie)iel a. Kraft, 
.1. 3; 11, 471). Insol. in ftleoliol. ilcat 

ili •:ip)'< ar.s dmiiij; mlution; ; N.adl't I’.lOl 1 '0,A(j ) 
2:..HC,9 (rhoimalil. 8 11. (19 ' .50 ) dtHo 
(Kopp, 7’. 155, 71). Uifra<'!ivc iiulices (‘jlP*, 
.Nil i!;.'ht r fc . n l-llt):5, for PlON'i, for 
i 7 ■ rlTI’.. (l.o)i!rauf <')i. U". •!, 1). 'I’lm crystalu 
j c)ilori''ec i(, air / e-.u.hiig to Situs only whoti 
(they CiJUl.iin : 'i..!U (.m; bouate) ; when licatail 
fliev melt and give otf JOH (), je.wing burnt 
h >ra.r (Na .11,0 ), wjiich jm lts jit a red heat to a 
Klti.s.s like imt-s (, itt ifird bora./ } i.d S.(i. ‘J HC ; 
I \jio.i-t d to iiioiht air tiii.slal.e itp luH^O. Solu- 
tion «d borax in wafer is alk.aiine to Ittmuij ; it 
.ti .solves nititiv (itgauit: couhhjuikIh more readily 
than V, liter, e.^. beii/.'iic acid ,'iml gailie ueid ; fiomt* 
eoinpoUlidH h.: I'luble lU r di : u,'ve. in bumx 
f 'iiiiioii, c.tj.;U:. 1 .' acid, \;i! ion;, g.uttis, rcHinr., 
aiel oiis ; Af.O,, di .'olves (ui-ily; silieic. acir| 
otiiy v- rv s'* '5;t!y, Molff;;i bor.iX dissolves 
many lit' faille s *,nd s ilts fr>rnijng /iisiblrt 
(bml.!i- ; alts ; In nee it 5 i;;ie us u iiaX, and also 

i n .inaiy.-is. (.'i y.^t.ih; of ocritmluiu wore ob 
i;..! d hy Lbi Imen (.d. by dissolving 

, Alt*., hi molten Ixmir.and ej-v.-tfiis of rutile and 
horfuiUe by dis. fdving 'i'iO. ind HiO,^, roHpeo- 
*i\e|y, in the s.'ini'' tohciit (>i. lloae, J. pr, lOl, 
22.'^ ; 10s, 20.H). (>, ‘ }a\!nil borar cry 'talliKol 

in hard, tran jmrciit, regular odahedra, H.G, 
J-M. Kneliiingcd in dry air, but in moist ait 
changed to priamatic borax. Melts to a gloBS* 
like tna.ss. 

(5) Amorphous telnihorato. 
NaJl,();.4H.X). Obtained according to HcLwcizef 
(A. 7d, 207) by evaporating aqueous borax 

MM 



folotioii ftt 100^ and drying (lie retidod at tha 
•ame temperature for a long time. 

(c) NajB«0,.6H,0 was found by BeobI 
(Am. S. [2] 17, 129; 19, 120) in an old lagoon; 
it has not Ixsen prepared artificially. • 

The reiriaiiiing boratea have been chiefiy 
investigated by lierzfliiia {S, 2ii, 100 ; 1\*2, ll.'t ; 
9, 43iJ ; 33, l»W; ‘M, OOl) ; Arfvedaon {(ivi. K. 
0th ed.) ; (iiiH-li/i (r. (nn.)\ It. Itoae (P. 9, 170 ; 
19, ir>'2 : HO, 001 ; 87, I, 470, 0*s7 ; 8h. (82 ; 

89, 473; 91, 4.V2) ; Wolib r (/». 28, 025); 
Uaniiiicb ber}.; (/*. 19, i 15) ; Kbo'iuen (J. t Vi. [.‘Jj 
10,129; 17. 51; Xi, .‘U}; lJou«piot {A. Ch. f3J 
17.54); iJoIIi y r-1. ‘“.S, 122^ Henipalli {P. M. 
in] 34. :;7r.); JmurvMt (A.Ch. ■2] 07, 215); 
Tiaaier 39, 192; 45, 411) ; lib.xmn {(!. ,/. 

12, 177; 11. 113). For an aecoujit of varioin 
HUppoKed coijipuunda of MO with It O^ r. Ditto 
(A. Ch. |5i 3U, 21H). The followinj; are the 
salta wliii !) }iav(; Ix i'ti nliirtly ( xatniin d; but tho 
oonjpoaitiuti of riiiuiy in not Mltli d. 

Alutnm ittin. 2;'\l O^.F t),.:;!! .0 ; 
3AUV-*M»o 7H/> (il-' lb»,r). ‘ - 3Al/VJPi 

(Mbehiitn). 

Amtiiohium. - (Nil,) .ll.O,.Il..n .0,.2lf..0 (also 
3H,( )) (Arfvedsoii). - (Nil*,). IU'),.5II .|{.(VllIaO 
(Beelii. Am. S. 121 17. 129 ; 19, 120). 

/N1I,).1U),.;5II I1,.0..3IU) (Oin. liii). - 
(.N H ,) J ^(V < 1 1, 15,0, .21 1, 0‘ ( Itaioioel.sbcrg). 

- llull.ti^.ioil .0 (l>ri7.* liii;.).- 
Bal5.0,.H ,() (Uiise). - Hall O,. II H O,.! 1 1 .0; 
HaH.;(),.2riJl,0,.121l..0; 2HaH.(),.II..H.,0,.l 111 .0 
(Laureiil).-' Ha, (HO,),; 2Ha0.r5,0,; OlbiO/JH.O, 
(Hlnxiim). 2Ha0.3H'0^; HaH,0, (I)itle, C. Ji. 
77, 788), 

Cadmiim, (\IH,0, ; 2CdH.O,.CdO..H ,.2H .0 
(Hose). 

(.’<iUunm . — 

Call/), .211,0 ; 2CaH,0,.Tf,H,0,.4n,0 (Rose).— 
(’!iH„0,.ll .15 .0, ('riiiinermivnii). 
CaH,(\.:5H'.H'(),.0M .() (f.auront).— 
CaH'.O,; :K'h 6.2H.0‘,; 2(’nt^3H|0,; 
3Ca0.3M; ().IH,.O, (Hith ). 

Col nil. 2CoH,0,.('oO ill, .311,0 (Hose). 
('(>l>}ior. Composition very uoeertain (v. 
'J'iirinerniann, lio.se, l.aiireiit, Hollev ; al.so 
lejtr.iix, C. n. 01, 120.; Fa teniaok, A. 151, 227; 
I’OUssier, 0, 11 . 38 ). 

Diihjmitim. 1019), (Clt've, Ul. :2J 43, .301). 
/rtof.- Fe(H,0,),. 311,0; found in a Ingoon- 
orater (Hedii, .l/a. '[2] 17, 129; 19. 120). 

Haaic salts of nneertain eojnposition are formed 
by the reactions l»«‘tween alkali* Jlorate.s and 
Rolutiona of ferric sal t.s ; borates of Fo and Nj¥ 
seem to he produced by ppg. iron alum with 
alkali bor.ate.s (Kosd. 

T.ond. l‘hH,0,.Tf.,0 ; i4ri)H.,()..IT J}.(),.31I.,0 ; 
l’bH.0,.11 H.O,.3H O (Iloraimtli; r. also Rose). 
Double .salts' ; l-l.]t,0,.rbiIS0..)...H..0 ; 

l’bH,(),.rbCL.llO (Hcrapath). I 

yinntu’aium.- 1 1 1 . 0 ; 

^f);H.o■. 211 15,0, .Oil, 0‘; MellA),.;’.ir.H,0,.8H,0; 
MgH.Oj.r.lI .H ,0^.1311 .0(Laurcnl : liainnu Isberg). 
- MHHA),.8H'0(\Voiricr).--Me,(i;i),).|F.belnion). 
iHuilile salts: 0MgO.3X.A)v‘-‘H.Oj (X- Cr or 
Fc) iF.bclmen). Ditto describes various com- 
pounds of the form arAfgO.j/CaO.iH^.O,. 

Xie/,. /, NiH.O*.2ILO (Hose): also various 
vague basic s.alts. 

U{iao;,- RbjB,O,.0iIjO (Roissig, A. 127, 

b8). 


SrBA ; SrBA ; 3Sra2B.A"i 
2Sr0.8B A (Bitto). — 8SrB,0<.2Mj.0,3H,a' 
(Bo»e).-8rB.A.HAO,.SH,0; " ' 

SrB,0..3H2B,0,.3H,0 (Lattrent). 

- Very vogue (v. Rose). BUscher (A* 
151, 234) describe.^ tho double salt 
Zn0.4Nfl,.2H./),.f;ilp. 

[? Snmarium buratc. - iimliO] (Cl^ve, Bl. [21 
4.3, 170.) 

Fluvuiokic Acid, and Fr.uon ihatks. B^O, ap« 
pears to react as .a feebly ba.-ie oxide towards the 
anhydrides of a few acids, c.(j. .SO^, and r,0,(<’* 
Hniios, oxiDK oy, Pi tii'tiou.'i, Nos, r», 7). lljBO, 
dissolves in eorie. HFAq ; by concentration, and 
eijoling u\er il.SO,, a thick syrup-llkc lifjuid is 
ol;t:iined (S.O. l'58l) containing lIdJl),and MF 
in the ratio J I d5 .OglUIF. This liquid is gene- 
rally r* garde ' as a delinite acid, called fluo- 
borir arid. This liquiil chars organic matter 
like H The i.irno li niid is obtained by 

paliiratiiig water with HF, and distilling ((lay- 
liiissac a. 'i’ll.' Hard, lu'chcrch.s jilif/sico-clii- 
inhfur.'i, 2, 38; Hcr/.eliiis, 58, 503; 59, Oil). 
TJie liquid is dr'c<e:iposed by waterinto HBF,Aq 
and Jl„15^0, (c. JJoi:<'M,roiaiYi>uic Acir*, under 
15onnN, I u.’onini: or). If thi.s liquid is neutral- 
ised by NuOll.Vt] t>r K()JI,\<|,and t)u* s.olution is 
evnpomted, the sails .M l»3i,.0.Ml’.llJ)(M .« Na 
or K) are obtained (Herzeliiis). The .same sqlts 
are also formed, whi n .M K by fusing KF \vij(h 
H.HO,, nud when Na by erystalli.sing niixitd 
ohitious of .\a HI), and NaF. Iti.s vi'ry doulp* 
fill whether Hie so eallisl tJiiohuric aeid isia 
ilefiniteeompiiiiud or not. Aeuonliiig toHa-saroJIt 
((h It. 78, 10'.)8) the litjuid priqiaied us ill*- 
scribed is (Iceomposed by di^till.itiiui ; at 140’ 
HF, is given olT, at 100'^ to J70 a Ijiick, 
heavy, fuming liquid (S. (i. 1-77) coine.s. over, 
at 175''’-18.5'’ a h'ss fuming liquid is produced, 
and as Hie temperature riavs the distlllalo 
bwonie.s lighter and fumes less in air. The 
heavy distillate.s are decom]»o.--ed by water 
witli separatioM of JI.,H().,. The .«alts obtained 
by Her/.elins are separated by crystallisation 
into MF, which crystallises «int lirst, and a 
mixture of MF with M..H..(), |Ha>aiow). Solu- 
tion of the so-called acid react ; with AgNOjAq 
to giro Ag.,H_,(), and AgA). T.asarow regards 
lluoborio acid as a mixture of II .11 ,0, with IIBF^ 
and lib’. Handolidi {B. 12, 158.3) describes tho 
bodies 1I,HT),.3IJF and n,H,()„.2nF; tho first 
is obtained in small quantities by the reaction 
between HF, and 0,11, ft, Hm second is one of 
Hie products of the action of J5F, oii hot auethol, 
J5(*!h bodies am fuming, aeid, liquids; they 
seem to ho fairly stable ; the first is unchanged 
by distillation. 

15 nioTUNosr.vTKs^ Many compounds of tho 
fo^maT3,.(>5.,9^^ t^,.cMO(M() - metallicoxido)have 
been obtaineiR the acid Hp.,.9W(),.21I./). 18aq 
luif# boon prepared. Tho principal borotung- 
.‘^fiitcs will be described under Titnostkn as 
TeNcsTorioiuirs. 

Do fiction nud Estimation of Boric Acid. 
Free boric acid is detected by its action OQ 
turmeric p!i]ior. or by tho green colour which it 
impart.'i to the llameof burning alcohol; borates 
do not give tin so reactions, therefore the^ must 
bo dccomjiosed by 11 SO,Aq before applying the 
alcohol test, or by ilClAq before applying the 
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^rawnc psper yulL Tlieis U no wrj mIN- 
method fhr eetimeting boric acid. The 
'most insoluble salt is KBP^ ; it is obtained from 
borto acid or borates bjr a<lding excess of 
KOHAq, then evaporating with excess of llFAq, 
dissolving out sulphate, nitrate, Ac. of K, hv 
KC;H,0,A(i, washing with aUMhol, iitnl drying 
at 100 •. Marignac [Fr. 1, in.^) cvapural.-s tli * 
soltilion of the l>»,>ratowith exces!^ of N i{,r!Aij an 1 
MgC4A(l. with various l>r^‘calnion^•, and liuaily 
obtains a inixturo of ^^gO and Mg horatt* in 
which he thtn e>tiniatL*3 the aumunt of M *.() 
and so gets the ain.iunt of iMtio neid (r. a!'-* 
Ditto, C. li. HI), t'.x) a, A.s boric acid 

interfere? with » stiination of some otlx r bodies, 
t.g. pho.'^ph'irit; acid, it is .cometiiner; mci-s.-.iry 
to reinovt' it ; tliis may lie d"ue nther by l^■i!lne 
with alcoliol an 1 il SO.A.| illtJU), goi';. mfi. or 
with III-’ and H SU,A-| fl!l*\;’oe-; ulfl. iic-iii- 
bladt {Fr. *Jd, d<‘se!.)-" . a niitliol ba . d on 
the volatili'-.iliici of Imi- c acid ly d; t.il.iJion 
with methylic ah-eliol; the Tni thod ,.i\t ^ g.^'d 
results (i’, ul?n (i oi h, C. X. o.'». 7i. 

Boron, oxychlorides of. Two are hn-ovn, 
BOt’l and J)()l’l., ; m itlicr exists as a /as ; heth 
nre docoiiiiHi .< d by heat. 150C1 i- a wln'e 
g(>latin<iii . Mi/.d. nbt. tilled hy hcatiii;; T* (). wall 
liOl,, in l)it‘ra!.i - It ,( > to loO ; al a hi-.di 

tomporature it i lier.i.'iipu/inl to jK'l.ati'l 15 0, 
{Uustav.son, /. '•■Jl). 150C1, i- .!• -'•liii d 

as a vcllowi di-gi'i < 0 li-piid ; it w.o^ olCiir,. d, 
.along with by I'l dn' C! o\'r a I 

mixture (*f J5.0, and h itoiving Ci from llie 
gaseous |.r.ila./; by Cu tiu-uiii:.-', end* iiMiig, 
and renx.Am;.; rd.'i, by eviij.oiatten ^(bitiiK-ler, 

J. yr. [‘J] )-*. o'.i'.M. Tbe conditinns un l- r which 
BOCI, is fcrmitl are not tU-bmilely known; 
Coiinclerobtaiii' 1 the result when relati.* iy 
little curhon w n-a d, and a faitly rapid ^tu-.aiii 
of Cl was pa .M'd t!irt;Ui.;h the tuhao ISoi'l, is 
dccompo.'ied hy )ieat into IK'lj, H.D,, a^.d (’I ; 
und by wat'-r to 11,110,, HCl, ami ('!. No oxy- 
chlorlda' of ]5 i i forme 1 liy t)ie a -tion of o/oiii.* 
on 11C1„ or by passing eU-etrie ark-. thi< u/li a 
mixture of liCl, and (3 (Mie'iarli.s a. Becker, li. 
14, 1)14). 

Boron, sulphide of. 15 Mol. w. unknown, 
ft.s compound hti' Jiot been gasified. 

Format- m. 1. J5y Iteating 15 in 8 vapour to 
white heat (Bcr/t lia.u /'. 2. 11.7;. -‘2. }5v .gi-ntiy 
heating li in dry II S (Wulib r a. Dcville, 8. lu.), 
72 ). 

Preparation. .Small pelb.ts are mide by 
mixing po-.vdired Jl.tkj with .soot ami "il ami 
heating out of eontiict witli air; t'o.so arc 
heated to ftill ri ilm ss in a poic.-lain tahe, in a 
stream of dry (5S^; the tube is eonn< --l< d with 
two Binall t!.i-k< surrounded by sno-.v .•;::d salt. 
The BjSj (.olb-ct.-j on liiesurf.ici.'of i)» e.,:i.l, used 
eSj; it i.s scjiaiated from CS^ a^^d diied in an 
atmosphere of 11 I'Krejuv, A. Ch. l. 5, ds, ;y2i. 
BA is a wliite solid (with a ytdbnvi.-h tinge, 
Freray), consinting of grouji.s • f .Kmail crystals; 
it smells strongly, and il? vaji.nir acts on the 
eyes; it is rapidly decomposed bymm-.ture to 
B,.0, and H,.S; it may be melted in an almo- 
sphere of H, and volatilised in a current of Jf s. 

M. M. P. 

BOKON, ORGANIC DERIVATIVES OF. 

Boron tri-methide i>. BMe„ V.D. I HI 
(oalo. 1*93). From ethyl borate and Zn.Mt;,, thus: 


) 2B(OEt),4>8ZttSf«,«9BM««^8Zn(OBiL(l^* 
land, C. /. ISt 873). rongciit gaa. v. al. sol 
I water, ▼. sol. aloohol and ether. Tahes flro in 
’ air, l\pniing with a green flame. Not afTectivl 
bj^* cone. li^SO^ or by HI. Combine# with 
potash forming BMc,K0II. (kunliinca with 
ammonia f.wming BMe,N'lI, [cl*)*'; ( lid*’). CouJ- 
binc.s a! I) with NaDll, Cat), and pJ.iO. 

^orou tri-ethide BKt,. Mol. w. PS, 

SdJ. ' •(5-.i(5. V.D. 31i) (calc. I? |i)) i-’rom 
MCI, or l^Dl-h), and ZiiKt, (Kr uiU.iml, J’r. 

H»7 ; iV. 2.7, Ibc). Pung -d oil. 'J'akes 
liit-inair. Slowly decompv -;oil by llCl, evolving 
^ C_ll„. Vivib-nlly aliack«-<l by chloviiK', 

5 -1. With iifii-n./nia it forms 

a liij.iid PKi N'll,. 2. By c-mful oxiilation, 
hi' t in air. tlmii in oxyg< ti, il forms an o.ri(f<f 
Bl'.t.O., (l2.Vd. Water d<vomp )'-eri this o\i<b*, 
formiii-.r » t hyl-horic aeid, Mtliyl. 

boric acid iri cr\ -.talline, and may ho nuh- 
liuK'd ; its Holutioii-s are acol, but it does 
not form .'•all.u A c<'m|ioiiiid 
' (c. 112 I appear; t>> be funned by the aetion 

■ ci y.iilii (I mol.) on borie tMu r; it is deeom- 
poNrd by water into aleoli.)!, BKt(()ni; and 

; ami liy ZnBt, it is eonvt iled intsi 
Bid yOpti (pl.t ), wliieh ab.iorb.s o.\y;;i-ii, l)CCom> 

: iijg Bl-'.tiOl'.tl , Di-ethy! boric ('tiler, BKi,(Ol-'d) 
is :apoiiiii(d by water, ami the acid uli.sorbs 
'o\\;-. 11, bicoming crystallim' Bl-;t(t)Bl)(Oll), 
whi.-ii i,u onv« rttd hy water into ethvi boric acid 
BKliDlB... 

Boron-phoiiyUdi-chlorido C, II MCI,.. |ahout 
(I (17c ). I’repared by heating boron (ri. 
(•lilori<le with mercury di ])hi iiyl al 200' 
iMichaelis a. Be cker, li. lb, IHO). Colourless 
faming llui 1, By the action of water it givoB 
lilieiiyl lioiie. u< id, aiul by the action of alcohol, 

; plieiiyBhoric < Iher. 

j Boron -p-tolyl* dichloride C,. II, (<’11.,). MCI,. 
•127 Colourh Htryslal.s. Prepared hy heat* 
ill.,' boron In clilorido with mercury di-p-tolyl 
: {.Mi.-haeli.s a. B.-cker, It. 17, IHo). 

BORO-TAIITAH EMETIC v. Boiio-^, oxiui 
or; it arthnis, N > 10; ul .''0 under 'J'Aii’Jiu-i'r.s. 

BOROTUNOSTATES. Compounds of the 

■ form .rB.,<>i.J/WO.,.iMO(M-> metal), v. TuNuwro- 
; n-'UMi.s, under Ti'.n'ostk.v. 

BRASILEIN V. Biuzilkj.v. 
j BRASS V. CopcKM, Ai-loyb of. 

I BRASSIC ACID C ,11,/),. [00'’]. iVeparod 
by just me|*ij|g its i. oineridi-, ermuc acid, with 
dilute JlNDj, and ad'hii;? rodiiiin nitrite. 
l.;iniina;(frr.iji alcoliol). Coiuhine.s willi bromine, 
rotasli-fii iion givc.s iiraehie acid. 

Ball.s. NaA' ; lamina* f.Vom alcohol). 

Ft in/ 1 c//icrB(.\': JdiJ ;; [-ihove UOU'^); 
cli.'iteiiing ph-de.s ; obtained by < tli<riiying tlJC 
e-id or by tile acti-m of nitrous acid u[>on ethyl 
rue-at-;. 

; () iyc<>rin-dirhra^,Hic cltir.r CjlP,f(.)lI;A', ; 

[ VAnair.i'lin) [<>-7''] ; cry- tai , k 1. r.ol. ether, 
i-'ormed from glyeerin-*li.erucic ether by niiroua 
I aci'l. 

j (fli(crrin-t ri-bra.Hfjic ether C.,1I^A',; 

! Tr,}j!a:>-.i-ihi. [17 j.afleriieating colonrlfiaf 
cry.vtailine i>oxvd<;r ; v. Bol. ellmr, nearly ins(.»l 
aleoho). Obtained by the action of nitroug 
! Bitid u]»on rujic-s(.ed oil, ami cryalalligalion 
cf the solid ]»roduct from ether, 
i Amide C,<,U„.CONJI^ : [90’]; colourJegf 

' mm2 



liu«an|r^I4e^ 

o„H«.CIONHPh: p8®]. 

. ^p^ydndt (0„H„.C0)j0: [29°! : irlictan 

wafer; fonned by the action flf 
FUjUpon brassic acid and subsequent addition 
Ot alcohol (lloimo.r n. Will, B. 19, 31120; cf, 

Wesky, J.pr. 58, 4 iO ; llaussknccht, A. 143, 40 • 

Fitz, Ji. 4,411; (ioldschmierlt;, Sitz. B. 74 394)’ 

[109 J. I'ormod.tOi'olherwUh its aldehyde and 
IINO, on hohcndlio acid (Hausskiiccht, 113 

Salt 8,—Ca A" 3iu|. — Ag. A" 

BEASSTtlC ALDEHYDE The 

^lef product of the action of tiiiniiiji IIXO, on 
tehenoho acid (,, oil, lighter than 

water, volatile with steam. ,Sol. .N'aOffAii and 
wppd. hy HCI. Oxiiiisod by bromine to braiSsylio 

BBAZILEtN 0,.ir„0.H,0. 
formation.^ ]{y tho oxidation of brazilin bv 

hi t!N!i’T''!o' •" *" “‘I'oreal solution 

by IfNO, (Ho, in, II. i, 334 ; K. Kopp, D. 6, lio" 

KITI's" upjj."''''’ “• 

Brazil-wood is di.1- 

BOlvod m hot water and, atlercooliiiK, Nil, in slight 

a nll' i “I' ^ >» exposed to air. 

hoi di , IS formed which is crystalli.sed from 

ad! iraw') “• A. Cl. Perkin, 

n Minute crystals with prey hisl re 

Reddiiih-broivn when powdered. Very sliehtlv 
so iihlo m cold water, morn so in hot water. The 
Bohition IS yollowish-pink with greenish-oi'iie’e 
fliioreseenco. Alkaline solutions are carniiiie 
nd, but slowly turn brown in air 

anM 1,0 

B o\\ly added to a solution in cold ceno. Jl S») 

0 0 SO It’ MrazUna sulphat"^ 

U.«n„O.SOJl. arc got. Its alkaline, solutions 

AInnt?7“r' hi air. 

Alooliol tiirn.s iso-bni/db.m sulpluilo smrlet 

form, iig file b;,HM5 salt 0,^11 .(). OjO,. 11 o SO lo’ ' 

2. Cone. II(M ,it loo- forms C II (i (’I \f * , ’ 

rod prisn.s will, violet lustre, c';;!!;; is; dtr 11!! n ‘ "h'«nenls.- 5. ily O "‘1“^ 

chlor iydrin fl.s , up, eons »ol„ti„„ is or, ,:.' ® '">1 lul.e (l^.lir^.m ®(rK ""3 

-b Ilhr at KUJ- forms, 5i,flila.lv,.tf. H O ir l’’'^^"h,g jj\s into Jlr and If (WVo ^ 

SS: 

.™ I.. it-,? .!? 

wo,?W( ‘■•'■V’") and in .s,,,.,,,. 

W', po; h. Iu>i,p, IS. ti, 4-17 ; j ,j 


X nrioor •ohSedl?^ 

[lOh]; slender colourless needles.” 
idfimh (Bucl.kaa:j3rtk!s: 

’bREIDIN o. AnnoL-A-nnEa. 

BRIMSTONE v. Sulpiiub. 

BRITANNIA METAL « Tiv ar 
BRTTT‘;w nmir ^ alloys of. 

®^‘^^'ro-Aci:ricALUEnYi>r' 
BROMALIDE C,H..Iir,0, i.e. 

TrUro„u>.etHyl. 

' a efss t .xr\Bi,frrS 

B 10 ‘it 9 ft, Af/x 1 * •’ a. lleinecke, 

10 JIJ 8 ). Monoclinic crystals, insol water 
sol. ctlicr. Decomposed by alcohol. '' 

BROMANIL is TETnA-inioMo-yiuNONE In « , 

of and PERBROMATES.~SaUs 

of bromic and perbromic acids ; v. BaoMivE 

OXYACIDS OF. -UnOMINE, 

a i a-r' i"— " - *■ »■ ^ x. t. w. 


U / ./rraV ^ • lO-i'l. 1«3). V. D. 30*1 

tn Pat’*-!! ' l“‘ i S. ( - 25° 

I inli^ inm.) about 345 (Uoozohoom, Fi. T. 0 . 

-M7(. , [H,l>,r.\,iJ = 27,837 [Tk. 2 , ■!9)_ 

,l X At. wt. = 20 G (Gladstone, T. 1870. 9). 

II and Br do not coralline at ordiiiarv temnora 

tuftis even in direct .simli-ht ^ P-mpora- 

Br !!>■ J' ®'-dod with 

Dr t,v .1 dT’ a imxturo of H and 

n 1 1 "MS ' ' t “f I'lctho,! V. Harding, 

mi I [ and V-r nl' -itric sparks 

an I I.r. - 4. Ly tlio action of JJr on H O 

sueh as'p oxidisable bo(to 

. as 1 , S, As, or lower oxides of these 


iV,.iur ,.f(;^_Tl,o«d:irk brownish-red crusts 
deposited I urmg the preparation and stora-e of 
oommnvml extr.aet of Drazil-wood consist of 
razilm and its limo compound. 'The crusts 
art, washed with iHi.o,. /.*: h „ v .r,-,. 


.v.pSi Hpi:;a-“V ''"'‘''‘iti®* "• 

•re wash^r^iih dTluloTir.) TlCl’lnd'ir.'^ 

extracted with very ,lil„to (12 p.c.l al.-„h„’l. i migle •'Vliulo'lt'''"* ? '‘T- 

i /op<r;n\s’ — CJolourloss crystals (containiniT ' .a’- placed in one bend and a 

M). Sol. water, alcohol, and ctlior. Turns i ^/i ^ other; pieces of glass 

MuZs NaGli in^ aZhu rim'i.m ‘■-\°[‘4“ 'Wov: «m P * a e^'fkZiS 

by .me-dust, but rc.osi,W to brazilem Cyaii. ; 



tbt Bt is tbsii fety 
’ fSii% miMi ; theittiotion oooors when tbs Br 
fspDor resohesthe moist P»imd the HBr passes 
off through the delivery tube.™ 2. When larger 
quantities of ilBr are rcijuirod it is advisable to 
use amorphous P. In a ilask tittod with a cork 
carrying an exit tube anil a piuall stoppend 
separating' funnel, is plnct d 1 pur? amorjdunis 
P mixed wiili Koine dry sand, tin T is inoi.-tenod 
and then coven 1 with a lavi^r of dry sainl 
(Linnemann, A. ItJl, I'.i'* « di )'; the rxi: tube is 
connected with a (J tube nearly liib d wiilinla s 
beads moist 'Ml d with cone. HHrAq and pii-o - 
of ordinary 1’ (any Pr which may come over is 
converted int>) lllir in this itibc) ; this is 
followed by a dryin;^ tube eontainin;' C.iCl. nr 
PjOj, and from this a delivery Inhc passes into a 
dry cylinder tilled with dry Hu' standing in a 
Hg trough. Ten parts ol Hr are plaeed in the 
separating funmd and allowed to drop .slowly 
into the Ihi'^k ; 11 Hr is evolved. T<»wards the 
close of the operation tlie Ilask is gently wanm-d. ■ 
If it is di-.^ircd tv) prepare an io|ii<"Us .solut n’i ’ 
of HBr, the U iui'>' is tittod witii an exit tnhe ' 
'passing into the tuhulus of a retort jilaoed i 
vertically and arrang- d so that the beak dips a | 
little way un h r the siuf ace of water in a bottle ; \ 
should tin- llow of llivr ^■lacken, the* water rises ; 
into the body of the retort lint cannot How back i 
into the generalin:? ve -sel. ■ ;{. P.y the action of i 
Con, H,PO,.\<j on KHr; 1 pari KHr, I parti 
H,rO^, and ;] p.art.s Hi) being u^cd (Bertrand, ' 
C, It. H‘2, !)0). - 1. By decomposing the bromido 
of an alkaline earth metal liy 11 SO^A.}; Ber- 
trand I'/.c.l empluy.s two parts CaBr., 2 parts 
coiic. Ih^^< , and 1 part 11,0. If an alkali 
brorai<lei:i ii ed. tho HBr contains mueli Br .and 
BOine.SO,. — r». An a'lucon? volution of I IBr may be 
obtained by .'eev*/// adding I* in sinail pieces to 
Br mixed with a considerable rpiantityof wal* r ! 
in a ve.ssel -orrounded by ice, ilicn addin : a 
little more i)r and (hen a few piece-. 1’ (re- 
peating if a strong solution is reijuiiedl, .ami 
distilling fiann H.d’0,Afi (r. Tops.ie, li, BmIi. 

Proy'tii)':-. Ill'.r is a colourless ga^. with 
pungent, aciil, very irritating, odour; exeiu-.s 
inflammation when applied to the skin ; fuims 
in moist air; dis.solves very largely in r ; 
(v. infrii) i.s absorbed by, and' melts. if:r* ; at -7;i ' 
liqueiieH, and then cry.d.aiiises. Mel.-i m; {('. It. 
77,781) obtained liquid HBr by saturalitig wood 
charcoal with the gas (In, .'100 gram-uniH of 
heat are produced for every 81 grams HBr* 
abEtorbe.d, I’avre, A. Ch. [.'»] 1, 200), j)hacing ilio 
charcoal in one end of a clo.a-d gJai.s tub- b.-nt 
to an obtijv.) angle, th- ofljcr end of which was 
well cooled, atid heating the cli.arco.al in a water 
bath. An rniucous .soljtron of Hlir form: a 
colourless, Strnngly .acid li<piirl ; tfie alT.-'iity i, .a^ 
very little less tdi.ui that of H(,fArj r. AniMiv, 

The uonc solution furnrs in, b it is nH dc- 
OOmpobcd by exposure to, .a'r. S.G. of s-d-ution 
saturated at 0'^--l'78; 1 c.c. conlaius 1*40 
gram.s HBr ( = 82-f)2 p.c. HBr by w. ight) winch 
almoat agrees with llie composition c.alcuiated 
from the ^rmula HBr.HjO (Bincau,yf. if. 2.‘f7). ; 
Boozeboom (It. T. C. 6, 3Go) has obtained 
the hydrate HBr.H^O as a solid at low 
temperatures and under a prc.'isure of 3 atmos. 
If coac. HBrAij isdistillefl at 700 mm. pressure 
SBf is evolved, if HOrAq containing less 


tbiui ' HBr distnied «t 79d mi 
Jtfi it evolved, iii each ease thd B. B. 
becomea oonatant at 126 ^ and the eolatioii 
contains 47*38 - 47*80 p.c. HBr ; the ootupoiltion 
of this liquid is almost exactly (hnt expressed 
by tlie formula Unf.-lilp (V. l>. ^111 agreeing 
with V. 1). calculated for HBr 4 f>H O) ; but it 
is not j'.'obablc tli.ut the litpiid <'on.^ :>is of a true 
hyihate, as the c-unpositioJi vari.s with tho 
pre lire; thus if the pn-siire is 1,!' .2 !nni. the 
couviant B. B. is J.73 ami tin* liquid conlains 
|n :j p.c. HBr (.-. Bo-c..e. .-1. Jli’, ‘.!u;{). If dry 
air is jcisscd through HBrAn at a constant 
tem]»i-ralurc,cith. r HBr or H O is n movoil, and 
the composition Ihcoiuch conslaiil ; at Hi ’ the 
liquid linally contains ol-O."), .*iml at lOd ’ •iy-35, 
p.c. HBr (l{-)vi-oc, Ia\). The S.H. and p.c, 
composition of HBr.\q are given in tho. following 
t:ibU'.s (Toji.sbe, B. 3, 101; Wright, C. N. 23, 
212 ). 
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/h 

i.i.tionr.. 

■ 1. Not decompo. 

■-..•d by //. 

•at alone, 


evin at 70</ (JIaulcfoiiillo, It. til, 705),- 
2. Dccoitipr. ;od l>y he. ting with m.itiy 
c i). K,Na, A:i aiirilgaiJi, Sii, Ac. with foimalion 
of im l.illic hroi li lu and H. ih ('///o/ B/c forms 
JK'l ami Hr.- 1. Cone. ui/?/c or ::iil/>huiic acid 
forms Br, H,0, and No,, or SO... f>. Lead or 
.‘i'.vcr oxide form-, nictallif) hromidc luid H.^t.) 
nf. ordinary t •mp< ralu)f::s ; iim t of tho other 
inrialliC ox'oi.ii dicompo,,.' HBr in a niinilar 
way on warming. <1. Met.illtc p.mxi'lea, and 
tt< i {s. covti^Uting rurf.ih {e.g. JB-ibO,), form 
mi t.iilic bromidoB and Br. 7. A<j>h<f<is solution 
of HBr is ibc -mpos-d by most un toh with 
f-umaiion of m'lallic luomi-J' ami IJ ; most 
vnltHir ojidi-s di.-.ndve in HlifA<j forming 
biouiid* s. 'J’lic lo a. of neulr.ih' ei? iiuj of HBrAq 
by .\fOHAq or MtOUnAq, when M an alkali 
or alk.'Jiuc earth im hi.!, i.s tin? .same as the heat 
(d ji. 'itr.ilisttlion nf IKJIc'q, vi/. ].'!.7-'’<0 ; hut the 
qniiiilifyof In-.al prnduci d i,y tin? Jiotion of HBrAq 
on the hydrated ijxides o' J*t ami An, and OH 
HgO, iH much greater l.utn the quantity of 
1 j' st produeeil by the iiflion of JIClAqon tlie 
Bame compounds; the difh-renci :j arc 
for AiiOJI, Bi.HIO 
„ 1'UBH, ll.H'.n) 

„ BtO,H^ Hl.ium 
„ HgO 12,200. 

The action of HB.rAq on tht .-e liydralf d oxfdei 
is very different from the action of the aame 



40 ®. 


wa im toe hydisted oxides ofK,{3e, Mg,ito.| 
to toe toraei oases toere is little doubt that 
acids oi the lorn EjHgBr^, 
and HAuBr^ are formed in the solutions (v. 
Thomsen, T/i. 3, 638). Many double bromidfs 
of Au, Hg, and Pt - e.ff. PtBr^.2KBr — aro rather 
to bo regardful as alkali salts of these acids 
than as (loublo salts (o. 2'/t, 3, 417 ; also 
Gou>, Pallaoium, Platinum).— 8. 

HBrAtj is decomposed by bromic acid solution; 

IJHrO.Aq - oJIPrAq-ail.OAq + OBrAq.— 

9. Cone, sulphuric acid heated with HBrAq 
forms ir.O, *SO.., and Hr; dilute lI,SO,Aq does 
not decompose flBrAtj at ordinary temperatures. 

10. Chlorine sets free Jlr from IlBr^Vq.- ll. 
HBrAq is [lartly decomposed by polasdum 
pcrmawjanatc solation in the cold, quickly and 
completely on heating. -12. By electro! i/sis of 
HBrAq, i'lBrO.Aq is produced (Uiebe. C.' Ji. 10, 
84B). — 13. Bromine di.ssolve.s in II BiAq forming 
a dark-coloured liquid. 

Goinl)inations.—i. With ammonia and phos- 
phine; Ogier (G'. /G 89, 706) gives the thermal i 
data, [NllMU5r)--.4.6,b()(); [PlP.lIBr] - 2;i,000 ; I 
using gase-ous con.stiluent.s and forming solid 
MfIjBr. 2. With water probably to form the hy- 
drate illh'.ll ,0 J‘ro)>ert ics). 'i'\\o heaUof solu- 
tion and dilution ofililrhavo been inea.sured by 
Thomsen {Th. 3, 13 and 72); the results indi- 
cate the existence in the solution of the hydrate 
HBr.H.p, but do not suggest Iho formation of 
any other jlohnito hydrate on dilution. Tho i 
heat of dilution appears to be a continuous j 
hyptuliolic function of tho quantity of water | 
added, provided the composition of the acid to j 
start with is UBr.ll.O; the re.sults cannot,; 
however, be expressed by qtiito so simple a 
formula, involving a single constant, as is 
upplicablo in tho case of ehlorhydric acid (7, r.). 
It is quite possible that the reactions of Jll>rA(| 
are tlio reactions of the acid HBr.H.O 
H.[Br.t>ll), and that llBr itself i.^nol an acid 
(v. Presidential Address to Section B. hy P.of. 
Annstnmg, B. A. Molding, issri). Berthelot 
(in. [2] 19, 386 ; C. B. 01, II I ; 00, 712) thinks 
that HBrAq contains a rjumber of hydrates, 
some partially dis.soci.ated, ami also tho com- 
pound llBr (r. (/iiL«»imvm:ic .v( ii»). Boo7.(d»oom 
{ft, T. C. 1, 108. 331 ; 5. a.M, 303; also Van’t 
JlolT, ilnd. I, 11 I) luis tielermim il tho relations 
between vapour-pii'.ssuro and temper.ature of 
eolutions of hydratcal 11 Br.. M. P. M. 

BROMIC ACID UBrO, i’. BitoMixi:, oxv- | 
ACIPR ov. t 

BROMIDES. Binary compounds of Br with j 
more positive elcm*mts i.c. with any clement \ 
except K, Cl, or 0. Br forms binary compounds ; 
with most of tho elements. Tho greater number 
iruy bo produced by direct combination. Tho 
formation of metal^o l>romide.s is usually 
nccompiiiiicd with production of much heat; 
thus. [K , 1 ’.r'J - 190.(‘.2i) ; [Ca, Br-J - 140.860 ; 
(Zn, Br ] - 75.930; Br-] « 60,600; 

[Au, Br’J 8,860. (Biqiiid Br w.Ts used.) Some 
metallic bromitles are formed by the action of 
Br on the oxides; e,g. AgBr by Br on Ag^O. 
Alkalis and alkaline earths in aqueous solutions 
are tletumiposoil hy Br, giving bromides and 
bvomales; certain metallic salts, in aqueous 
iolutiot\s, form bromides and peroxides; e.g, 
Jalts of Mn, Ni, Co, and Pb. Metallic imlides 


aM dwmpoMd wlwUyar 111 p»rt i,Br 
i^jlio bromidm imd free f; Mray iSatiS 

chlondes are partly decomposed when heated in 
closed tubes to about 300® with equivalent 
quantities of Br; after a time equilibrium is 
established in the system consisting of chloride 
bromide, Cl, and Br; this equilibrium is not 
overthrown by increasing the mass of Br, the 
temperature, or the time (Potilitzin, B. 14, 1044 • 
15, 918; 10, 3051). Metallic bromides are 
u.sually formed hy the action of HBrAq on tho 
oxides (comp. BuojnrYDitio Acid; llcactiom. 
No. 7). Most )nctallic bromides are white; they 
aregenerally isoniorphouswith the corresponding 
ciilorides ; most of them are not decomposed by 
heat alone, but some, e.g. those of Au and Pt, 
give up all their Br when heated. Some metallic 
bromides are decomposed by Iip, c.g. tho.se of 
Bi and Sb ; otliers are decomposed wljen their 
U(iueou3 solutions are evaponitcal, c.g. AlBr^; 
most are decomposed by heating in air in 
presonco of .steam. Metallic bromides arc decom- 
posed by certain peroxides and oxidising agent.s, 
e.g. MnO., K.^MriJ^Aq, K^CrX),Aq, HNOjA<i, 
with separation of Br; cone. II^SO^Aq sets free 
a little lIBr, but dccon)po.ses most of tho 
bromides to sulphate and Br with simultaneous 
forfuation of SO.^; IICI and llClAq form 11 Br 
and metallic chloride. When a metallic bromide 
is healed with solid KXr.p, and eonc. ILSO,, 
free Br is obtaimal (distinction from chlorides). 
Aqueous solutions of alkali bromides dissolve 
largo quantities of Br, probably with formation 
of perhrotnide.s in solution; Berthelot (C. R. 
91, 195 and 70(1) gives tho numbers (using 
gaseous Br) fKBrAq, Br-] 11,600. Aqueous 
selutiojis of alkali, alkaline eartli, and magnesian 
bromides partly decom[>o,se A;;C1 when tlie salts 
are shaken togelbcr for a few minutes at the 
ordinary temperature; the porei-utage of AgBr 
formed varies from 95 when LiHrAq is used, to 
81^ wlien (allir^Aq is cmi)loyed (Potilitzin, J). 
18, 1522). The binary compounds of Br with 
the non-metals aro fairly stable bodies; they ore 
usually produced by direct coiubijiation. 
Bromides of B, i’, C, and Si are stable as gases. 
Br forms delinile, slabh;, eompounds only with 
the more metallic and positive members of the 
oxygen group of elements ; bromides of To are 
gasitiable, Se..Br._, is fairly stable, but is deemn- 
posed by heat, Sd>r._, is a feebly-marked body, 
and no oxide; of Br is known. Bromide i»f 
iodine is a fairly well marked compound, 
(T, Br]- 2,600 (Pmrthelot. C. li. 90, 811 ; using 
liquid Br ami solid J). Bromine chloride is very 
easily decomposed, and no comjioimd of Br and 
P is di'tinitely knowji. If N bromide exists it is 
extremely unstable (.v. al.so H.vlookn Elk.ments, 
IJINARY i'oMn>L'.\ns of: for the individual 
bromides v. the, articles on the various elements.) 

. .M. M. P. M. 

roOMIDES, OROAKIC v. Bhomine, onoANto 

COMl’OUNDS or. 

BROMINE. Br. At. w. 79'75. Mol. w. 
159-60. [- 2l-5°j (Baumhaucr, Z?.4, 927), [~7-2«] 
(Pliil pp, ]}. 12, 1421 ; according to Philipp, tha 
lower M.P. was due to presence of Cl). 
[-T Oo®] (Ramsay a. Young, C. J. 49, 453); 
(03") (Pierre, A. Cdi. [3] 20, 5); (59 *27®) (Thorpe, 
C. %t. 37, 172) ; (58-7®) (Ramsay a. Young, fx.). 
S.G. 2 3-1872 (Pierre, /.c.) ; £318828 (Thorpo, 



BROMmE. m 


uy S.a. at B.P. 2'9a32 (Thorpe, U). V.D. 
80 («. p. 636, Prvpertws), S.H. (solid -78® to 
-20®) 08432 (ReKnault, A. Ch, [3] 26. 286). 
S.H. (licjuid 13® to 45®) -1071 (Andrews, C. J. 1, 
18). S.H.p. (equal luass of H O 1) (S3’’-2‘28') 
•05552 (Beijiiault, Ac<i'l. 2«‘.. ih S.ll.v. (.'q!jal 
mass of II. 0 1) '(IJ'J'J; voluiuo of air 

— 1) 1'3H5 (Clausius, U’,;) 7/ovnV. 1, 

62 [1876 ). (20 ' iJSvS ) 1-203 (StrtekiT, 

W. 13, 20; t \j). rimoiitally dt t«.riuita«.l). Kx- : 
l)aii.>-ion (O ' to JCT.) V 

j 4- l^rn tr* - 

(Tlior|io. /.(•.). s. (.'i j ( 1(1 I :t ;{27, (15®) 
3-220, (2(» ) 3-Ji»s. (2‘. ) O liiT, (30 ) 3-120, | 
(l»aiu-« r, C. J. 15, 477i. lit at of fu.^ion «- > 
10,185, lOv’iault (.1. Cli. ,3^ 2»’>, 2«-8). j 

wt.- 10-23 ((iladslone, J’. l-'VO. 0|. j 

Einissioji '^I'i i-trnni ; m.-iiki.-tl liiu s are :*.' 3 s 0 , i 
6350, uiid lines bt^’inninjj; with OO'.tO (Sah-t, 1 
A. Ch. [ i 2'^,2''»). Alist*rjttion-i-)K'i.-truiu «*hai'.n‘- ' 
terisfd liyiiiaiiy han'isl - Iwi-eii OSOl-5 in tin- it .l 
and 521 M in tin' un i'ii (UosctK! a. Tliori'r, 7'. 
1877. 2i>7i. i 

Jlniniiiif was dinODVere-l by luilard in 1^20 
(/i. J. 7. it wart pM-vn'U-ly oltfaiind Ity 

Lii-bi;.% b'ul [ty liini t'l be iodine fliloriilt' 

(f. Ilofnialt's /,./■• W’oik of I ; ainl )<y . 

Joss, but r* rpirdetl by luin a.s seb'nit>n (</. pr. 
1, 12'.it, 

()(t arn-jn-t'. Never freo; witl.-iy dintribule.l, 
but not in lai;'.‘ ipiantities, chi- tly in ooinbina- 
tion with K, Na. and Mi:. In eta water (for 
quantitn s, r. lit is’lumi, Ji, l"^, 28 .shi, sea wt t d, 
saline sjn iris's, ainl niatiy marine plant-s ami 
animals (Knidl a. WoMt r, J\ 10, 5(10; Stroll* 
mevt r. S. 10, 21'.); Jli-nihstiidt, H. J, 7,110). 
Aceor<lin;.' to Maieliarnl (C. /.’. 31, r.).'*) all 
waters, iin-Iutiii:,. r.iin iiii'l .snow, eontain traee.s 
of hioniitlt s. Ill \arious mim ral.s, cliii-t’y as 
Ap’llr in Mi xico aiel Chili (Herihier, J. r//. 77, 
417; 71). 1<'1) ; in minute <nmntilii‘ i in S'-esian 
xinc ore,*, (llidluiub r, //’. ./. s, .‘'2); in C-iiiii !;alt- 
petri' ((ininelii'rg, ,/. /a. Oo, 172) ; A-e., Ae. 

I'ji J I'iii' ,*f.irtiji^ [toint is tie- eon- 

ceiitrated liijimr of c riain saline spriiifes, tin.- 
residual li'pnu- obtain'd in workiiirt the salt 
depui’.if.s at Sta:':-/url, or the .si>!uli.»n of the a*‘h 
of fii a p!ant.s. Tin- litpiel j.s fret d Jrom tin' le s 
fiolublc salts, eiiielly elibui ba ami Bulpliatf •. 
iiy coneenti.ition ami er\u t-iili-uilion, mixeil with 
AlnO.^, ami lI(3A'],and ili. tili* i. The quantititu 
of the re.iefin;; matt-rials are arraie'd so dial 
there i.s alway.-n an »-Xi-< .s of hroiunle, in oj'l- r 
to prt.vrnt forni.-ition of bromine ebloti'le 
(f. Mohr, A. 22, 0))). In .soine ca-es tin' eon- 
ceiiiratetl liq itir is ]• at* d II SO,A<p .siil- 

[dian .s ate tln n removed by eryslallnation, ui^d 
the moflier liquor is (intilnfl witJi MnO^ ami 
H,SO,.Vq (:-. Herrmann, 1'. 13,175; IS, 013). 
Tlie Hr is condensed iii water and coiim rt- ,1 
into Nallr and NalJrO, by treatment wi;Ii 
NaOIIA'i, the liquid is e,a]>orated to dryn< , 
the rr-.sidue lieatid to dei-ompoi-e Nal»iO.„ ujid 
the XaHr is dec->tnpo el liv pure MnO; arid 
Il„SO,Aq. Iodine may be removed ^rom die 
Oriuinal liquor, ln-fore di conijMHin;: by MnO^and 
aeid, by tlie action of Cl, or bv ppj,', a« Co I, 
(iJiissy, TJ. J. 18, 117 ; Halard,' /A J. 7, 102;. 
Chlorine may be removed by decomposing tlie 


diatUlftte from the Drat aclion of IdnO, ami stM 
by BaOAq, evaporating to drjnioss and hoAiiittg, 
di.saolviiig out BaBry in alcohol, filtering fWm 
insoluble BaClj, evaporating to dryness, and de- 
composing by MnOyand H^SO^Aq (Hiria, B. J, 
18,277). .-Adrian (.7. 1870. 2’! S) reniovos Cl by 
wii.-hiiig (ho distillate with wafi-r and small 
sui-et ■^i\e quantities of ether; Jm- tlun digests 
wall .siart-h p.-i.--le to remove I, ami again distilg. 

I Sla-. (/'V. 25, 213) frees from J jind Ci by dia- 
sidviiig in KItrAq, adding ZnO and ilistilliiig. 
Cyanogen is oeeasionally found in s.-iiuidort of 
I*r; It may Ik^ tielietc.i by ecmvi r-,ii'U int4j 
K .l-’ejCN by digesting vvidi iron tilings, and 
nipidly lllteriiig (I’hipson.C. A', 2S. 51). iitoino* 
form i.s another impurity ; it is deli'i-le.l by its 
odour, after addition of KlAq Butlieiont to cou- 
Vert all die Hr into KHr. and renmval of the I 
liy tlie in-lion of NaHX)j;\q (iteYmann. /A 8, 
7'.u)). Hi<i!iiiiio is prepared from laboratory 
residues eoiilaiiiiiig Hr compounds by making 
ulluiline with KidlAq, and distillation with solid 
K t'r.O; ami excess t>f ll ,S(),Aq (2 parts strong 
aei 1 to 1 p;nt wafer by weight) adiled giudiially 
tliroijgli a funm I tube (Holas a. (iioves, C. J. 
’;2' ‘.I, 7sf), 'J'o juTpare juire Hr for iitomio 
weiglit dt-ti-rmination, Stas removed I from com- 
im-reial KHr liy dissolving in water, addiug 
Hi Aq to I of die liquid till the I whieh at fimt 
.-eparafi .1 redi,->.-;oI ved fonuiii,; a eU ar oraiigo* 
y* llosv eobmred liquid, adding the other ^ of 
the liquid and shaking repealcdly with jiurc 
C.'-^ . 'I’he liquid was tlien w-,-iimed to remove 
ai! C.8, ; the KMr was oxidised to KlhO, hy the 
aetioii of (3 in presence of pure KOilAq (fur 
details f. St.-is, A(i7/e. K. 1.5'.) ; or pp, l.MI 1(>0 of 
' ti-in’s (iernian Iranslation I ' nu y -hchiii\^rn 
iili I >iii' Cm-. i/.-,- (hr rhi Vi. J’ri'jK’fttiiitrn, iVc.) ; 
(he KHrOj l»ni-ilied hy rej'eule.l i rystalltHtt- 
(i'li). ami a part of it was eon\i-iied back ti 
KHr 1»; h< t ng in a porcelain vet.ael in small 
t;m-ee ixe quantities. Hy di euinpo' ing a mix- 
tuieof KHramI KHr(h(in the ralio.5Kll) iKHrO,) 
w’iili pun H )^Aq, Itr was olitiiined. A nor- 
(io I of till i 1 w;e? tlieii iligestt il wifli inilK o( 
lime and MI,Aq, wliereby CaHr.^,Aq win) obtained ; 
this liquid was saturated with auotlier ];ortion 
of (he imntied Hr; water wa.s added to jqi. Hr; 
the ppd. Hr was separated, and dig'sted several 
times with juire dry CuHr^, (preji.ueil by the 
ai lion of jiart of tliu purified Hr on CaO); the 
Ih -.vas .l^ ri shaken in contact with pure 
then allowed to remain in conta<-l for 12 houm 
V, !)1» pure Hat.) whir)i huii lasui slioiigly heatod, 
and finally jKiu red olT and disfilhd. All opera- 
tiouM were condneU-d in apparatus nnido wliolly 
of gla'irt. 

y Vo/ierHV'.x. — At ordinary temjieralureH a 
dark htown red volatile liquid witli inoHt irri- 
tating oiloiir {dpu/fioi K :eneh) ; in Illicit layers 
almost hlack ; vapour is yellowi.sh red, and 
bi-eoines less Iranspareuj. as leinin rature ii 
increased (j.-. Andrews, /A >4, ].S71. (Sec.) 66); 
solidifies to a grey-hrown cryslalline maK» with 
semi rnetalhc lurttre. Very poisonous. Vapour 
nets on inneous ruemhrano and cam^eK violent 
irritation. Non conductor of cleetricily; hut 
an aqucou.s solution of Hr is a bet I* r conductor 
than pure water (such a solution contains some 
HHr) fHalard, .1. Ch. {2} 32, 871; la Rive, 
B. J. 8. K3; .Solly, A. 20, J21). Dissolves 



fitttii %r by weigM fa 1^ parta H,0 haTa 
following S.G. (SlesBor, J*. 1858. 100):— 

X. B.G. T, s.a. X, IKJ. 

10‘7 1-009 12*3 1-0122 20*9 1-018, 

11*7 1-0003 18-7 1-0149 31-31-7 10236 

12-0 1-0090 19-5 1 0158 

Solution in water is attondcil w-ith production of 
heat lBr-,Aril = 1080 {77i.2,25) ; aolution is p^lo 
orange-yoUow. Dissolves more readily in alco- 
hol, and in all proportions in ether, CS.^,, and 
CIlClj ; solution is accompanied by chemical 
chaii;;e ; soluble also in cone, atiueoua solutions 
of Klir and many other metallic bromides, fre- 
quently with fontuiiion of perhroniides ; also in 
cone. IlCIAq and lllIrAq, and in liquid SO.^ 
dBestini, /. \h{\h. 71h). lir i.s abM»>rh<!d hy wood 
charcoal with coiisidrrable ii.se of temperature 
(Mclsens, C. It. 77, 7Hl). In pre.sence of ill), 
acts as a hb-aeber and disinfretant. 

The atomic of iir has been determined 

(1) by analy.’-u s, and determinations of V. D., of 
many gaseous eompound;:, e.j;. Itrll, UrXd, IJr.H, 
llr48ii, (to.; (2) by detrrminution of S. 11. of 
solid Hr; (3) by compari.son of bromidcis Ac. 
with iBomorphous ehloride.s and iodi«le,s A'c. ; 
(4) by synthe.ses of AglJr by Marif-iiiac (/>./. 
21,19.3); by syntliese.s of Agllr by Stas (Aonr. 
A’. 168, 171); by reduction of A.qlWOj by Slas 
{Nouv. It. 199); byconversion of KHr to A^'ltr 
by fita.s {l.r. 303); by conversion of AgUr to 
AgCl by Dumas (.1. T/t. f3).>5, 102). In gaseous 
luolocules eonOuning l)r the atom of Hr i.s 
monovalent. Dr acts as a strongly negative 
non-metallie element; it combines diri'ctly with 
itfost metala foi ming salts ; its compounds witli 
non-nu'lals one of vvhieli is 11 are acids. 'I'lio 
lubstitulion of 11 by Hr in carbon acids Hoenis to 
increase the redativo atliiiily of the imid.s 
(»’. Akfinmy, ]i. H3); generally speabing, the 
introduelion of Hr in plaee of IL in^cnrbnu 
compounds is aeeompanied by tlio imodiiclii)!) of 
more or less u<Mdie p!t)|)erlies. 

In its cbemiciii lel.'itions T.r stands between 
Cl and 1; the beat of formation, in solution, of 
R metallic bromide is usually about ii lI,9oi) 
^ gram-units b'.ss tbari that of llie eldoride, and 
about n 26, 000 graiu-imils more than that of 
the iodide, of the same niet.al, wlu le n is n 
whole number, usually 1, 2, .’i, or 1 ; metallic 
bromidc.s are wholly or p.arlly det-ompo.sed hy 
Cl, and metallic iodiiles hy Hr; inolalli.' chlorides 
nro partially decomposed hy Dr (r, Jintetioug, 
Mo. 12). The relative atlinitiea of tho acids 
llCl, IlDr, and ill in atpieous solution are, 
liowevtT, neiirly tlu? K.iinc (r. Aki imty, p. 77). 
Ill its compounds, Hr a\>])eai’s to he positive to 
Cl, uiul t). No oxuio of Hr is at present 
known; tho oxyacids of Dr exist only in pre- 
^enee of water; they arf much less slalile than 
tho oxyacids of iodine: one of the oxyacids of 
Cl (IICIO,) ha.s been obtained in separate and 
definite forms, although it is an extn inely nn- 
stablo componml ; oxiiles of Cl nro Jenown as 
gases, and an oxide of I (I.O.,) exists ns a .solid 
body. No oxide or oxyacid of F is known (r. 
Huomipf.8, H.m.ookn Ei.fmknts. and IIauxiiix 
E ttKSNTH, niS.VKY COMOOI NOS OF). 

^ Tho 8.(r. of Hr gas at 99 was found by 
MiUohorlich to be 5*64 (air 1) ami by Mover 
R. 2Ublin to bo 5*38 at 100^: the 8.U., caleu- 


^ 2 ▼olumeB.iis 6*5l! 

^KTAof towperatures (approiimatcdv 
1670®) the S.G. is less than the calculate/ 
Mcyera-Zilblin (B. 13, 405) obtained valdesfyW 
between those calculated from the formulie Br* 
and If Hr., ; when the Hr was obtained by decam-’ 
posing HtHr^ at high temperatures the S.G. at 
1570® nearly agreed with that calculated for 
5 Hr., (3*66). The S.G. of Hr vapour diluted 
with 10 volumes air, at 50® under the B.H. of Hr, 
was determined by Langer a. Meyer to be 5*52 
(B. 15, 2769). Jalin’s determinations (B. 15, 
1238) show that bromine does not attain the 
S.G. calculated for Hr.^ until it is heated about 
i H'O’ alune its B.P. ; the deviations are small; 

' the S.G. at any temperature up to about 220® 
may bo ajijuoximately found by the formula 
S.< i. ~ a + b(, where a =■ 5*8691 and 6 « - -00163. 

, (For S.(r. of Claud I gases v. these elements; 
t’. also Km:.mi:sts.) 

Itracti'ins. 1. Dr dissolves in -iraf,r with 
jiroduction of lieat [Hr*, Ai]) == (77/. [2j 25) ; 

the water i.s .slowly deeomjmscd, more quickly 
in direct sunlight, with formation of lIHr and 0. 
i Hromine water, tiierefore, uels as an oxidiser; 

• e.fj. UNO Aq is oxidised to UN(>,Aq (Schonbuin, 

I J. i>r. 37, Ml). iMn(C,U,().),A(i to MnO., 

. (Kiimmerer, />, 4, 21H); sugar, mannite, 

i benzene, A'c., Ac., to various oxiilised derivatives 
(Dlom.straml, A. 123, ‘2-18). If NO i.s led into Hr 
cooli'd bolow 0 ’ the gas i.s absorlied, and on 
adding water HDr and liiglu.r oxides of N are 
formed (Lamlolt, .1. 116, 177).- -2. Sh'/nii mixed 
with Hr and passed tliroii;.}! a red liot tube 
yields IlDr and 0.-3. HjjA/wii'n }>(’i‘uxide 
evoivi'S O, and IlDr is formeil (SelKuibein, A. 
108, 169). — 1. .\qneous solnlions of }>i)tngh or 
.scAfi are <lecompo.'-ed by Dr forming KDrAq (or 
luiDrA<i) and KDrO.Aq (or NaDil >,,Aq) : CaO and 
DaO^form bromides ami Aqueous ammonia 

yield.-. NU,l{rA(j and N. - 6. i.s decomposed 
by DrAq with evolution of N.- 7. Jlj/driodic 
acid and ioilidcH in solutions are decomposed by 
Hr with formation of lIDrAi|, or .MlirAq, and 
i.- 8. SiilphiUTttcil In/iiroijen yiebbs UHr, and S 
which partly combines to form SJlr.^; this 
decoinpo.sition proceeds eithi'r in ])resence or 
absence of water (Naumann, B. 9, 1671). -9. In 
contact with excess of silver nitrate solution^ 
AgDi* and llDrOAq are produced (Spiller, 
1869. 67). — It). With carbon dv tilphidc, cryatal- 
pie CH.Dr^ is formeil (Hell a. I'reel), Jt. 15,987). 

11. Carbon conij^Kunds are usually acted ou by 
Hr; sometimes H is withdrawn, sometimes this 
is accompanied hy sub.‘?tilulion of Dr, and some- 
times more complete decomposition results.— 

12. Hr pnrtlydi'compoiw.s mctaUiC c/ibo idc.'i when 
heated in equi^ileiit (piantities to 270 3O0® ; if 
tf.ie mas.s of Hrris increased, the amount of 
decompo.>ition im reases up to a limit which is 
not passed by increasing the mas.s of Hr, the 

■ temperature, or tlie time of action (I’otilitzin, B. 
■14, 1011; 15, 918; 16, 3061). According to 
j lliiinpidge (B. 17, 1838) AgCl is partly decom- 
I po.sed by contact witli water and an equivalent 
quantity of Hr; thus 5*2 p. c. Cl was removed 
j from AgCl after 24 hours’ action at 11°, and 
i 14*53 p. c. after 12 hours’ action at 44°. 

I Coo/ 5/ n« flows. — 1. 'With uatcr at 4° forming 
i red octahedral crystals of Br.lOH^O which art 



Stteta*} No oxM* o( Br it 

14, 114; 10^ 87^0 For diasooUtlon-jbr«sBuref known. Tbo aoids HBrO 4n<l HOrO, eiltt in 
Vi Botntobobm {JR, T, 0, 4, 65).^^2. Oombineif fU{ueoQ8 Bolotions only; both eolutloiil «iw 
diiootlj with most of the eletnents, especially deceinposoJ on heating, IllirOAq oven at 80\ 
the mitals, often with production of much heat fVrhromio acid, IlltrO,, was said by Kiinimercr 
and sometimes liglit (r. liat^MioKs). Docs not to be prmlueed by the action of Dr gas on 
combine directly with C or 0. According to lU;;i),.\ti (J. pr. 110, lltO) ; but later exporimonta 
Merz a. Weith (H. 0, lots) dry Dr and Na have ^lunvn that this acid lias not yet been 
do not combine eveji at ‘JiHJ . Combines with ohfciijifd (;*. Dattison Muir, C\ J. HO, 400; 
liquid Cl at - O'C ^D niny a. Man ska, C. AWO, Maclvor, C. *V. H3. H V, Wolfram, A lOS, Dfil), 
817). No oxi'i*' of lir is at jiresioit known. , DrAq is not oxidised hy such n aeents as 
/>f'/cch«ju. - The physical pnipertifS of Dr K.Mn tXAq. K.(h-.t> Aq, HN’<) or JKMOAq; 
enable this holy to be las.ly detected wlum bat fh*‘ iieluni of nCll>,Aq ^r ll('l(>|Aq pro- 
iinoombim 1. DroJuides are decomposed In* clucc^ lll'*rO,Aq. Dilute solutions of 1 1 UrO and 
OlAq, giviii * Itr and chloride of the im t.al. H Hi O, arc also formed by elecln^lysinj; 11 JtrAq, 
Solution of N O, in c m-'. lI .S(),Aq do. s not M i'.rAq. or Ih Aq ; alro l>y the action of metiiUio 
deoompos.,; Ijroiui lrs, but doe? decompi)se iodides o\'der- on Di Aq. No .‘-alls of IJlhO arc known 
with production of I; on this r.'actiou is ha-ed except i?» aqueous solutions; salt- lIMrO, 
a method for d. 1. c! ni;^’ bioinide.^ in presence t)f exist as soluis, they are all easily decoinposed 
ioilides. Solid bioiaides are ileoomposed by by h« at with « vohition of O, and fu'quently 
heating with K Cr .(). and cone. II SO,Ai|, witli nl'?oofJlr. The addition of () to KHi A.i would bo 
formation of Dr ; clilorid.s yield CrOAd,. att.-nd.d by disapp. aranee of mueb heat; 'J’hom 

AAhnt'.’ 'i on Free Dr may bo estiinatcil sen gi\e.- these mimbers [|\Di Aq, I)’: ir),!bKl; 

volumetriealiy by measuring the I set fr.'o by also Dr-.O.A.j ; ^ - lH.lfttib Tlie following data 
it from KIA j. or by lindiitg the mass of As.Oj show that the Inat of formation of the oxy- 
which it oxidi es to .\s ()_ in an alkaline ki- aeids of J»r is le. s than that of IlMr, and it 
lution ; Dr jiiay al-o be eomiiined wiDi If to also b ss the more 0 the aei.l eonlains: - 
form lIDrAq, by treatment with II S, or SO , in {ll.Dr.Aql ; [ 1 1.Dr,0,Ai|' 20,080; 

aqueous .S"!nt lon.s ; the lIDr may then . -ti- (ll,Dr,0'.Aq 12,120 (7Vi. 2, -lOO). 'J’henn data 
mated hy|ip'. with A:,'NO,A'|. I5r in bromnlts are unaK-uons wit li those for the corre jiondiag 
is iisu.ally cstijn.t. d tis AgDr, ppri. bein:; ae- comp.uiM.ls of Ft, but d.lTer from tin' data for 
comnlishe.l by ad lition of A 'NO Aq; in-oluble lie* similar eompounds of I (f. IIaj.ouk.n Kle- 
bromid' S may be fused with N.adh),. di'e:i)|ved, mi nis). 

and acid.ilat * I Aiih i 1 Nt). \q. *Iu pn .?en<‘e of I. Ihi’eUnoMoca Acin, Asn 1 1 vis.iuiomitp.S. 
clilorides, or iodides, Hr in bromide.s nuist be lIDrOAq and M MrOAq. (.Ja,\ Jaissae, ol.d.ained a 
dotermiiied by he/inr/ meliiod.s (t;. Manuals of gas by the aetion of Dr on dry H;’() and supposed 
Analysis). it to be an oxi.le of Dr; I’elou/i', ainl more 

Bromine. Chloride of. Drdl. Mol. w. nii- recently 1». nicer {(J. J. l.'i, 477), ju-oved that 
known. (hilorine i,s ab;orl)ed by Br with only () is thus produced. An inpieous solution 
formation of a r" I yellow, mobile, very volatile, of IJDrO i: obtained by the action of DrAq on 
liquid, wiiieii gives oti a .iailc y.diow. ’-ery tlif oxi.^-N oy nitrate, of Hg, or A;’; llg/) and 
irritiitiip.% v.ip 'ur with .strong bleac'd' g pro- 1'1»() do not o.\i«lise Di'.Aq (Spiller, f.'. (», 2(0), 

j>erlies ; many nmt.al.s huni in this vajiour t.i , Fontui'ion. Dy the action of DrA<) on llgO 
chloride and bronii<b.' (Dalanl, A. i’h. '2, — i<p>aiing ,mv*ril limes lI;'.tM»r , HDrOAq, 
32,371). If the Dr is cool. -.I to 0' the liquid and HgDrOA<p arc foiim d; by di liHinu in 
finally contains Dr and (fl in the fu'oporiitin n/ei/o, a liquid Containing ^ )i.c. Dr a.s HDD.) 
DrCI ; at or.liiiary temperalun s less Cl than is is «i)ilained, but it cannot be qiiito freed from 
rcquiri'd by the composition DrOl i.s ab orbed ilgDrO f Dalard. /f . (.J/f. 32, 337). 

(Dorn ’inann, ,1. I'i'.l, 1M3|, .At t- ini-eratures J’r<jHtrtiti<>n. Vnrt‘ I5rAq is shaken with 

al.'ove 1 I'i' l!io compound Drdl dci .-mj.o-e.s excess of Ag.No.Aq until the colour and odour 
with evolution of Cl. Dy adding a iitlb- lid) of Dr liave gone; the t^traw colouied liquid il 
to Drill, and cooling to Oh jadlow-brown crystals then ut one.' .lisfilb-d in ran w, at M inm. 
of DrCl.lOlI 0. 'depurate (Dornemann, he.); Un-e pressure it boils at IMh The distillate geU 
melt at 7h and are .Iccompnsed by Nil, to N, richer in lIDiO until p.c. Dr is preHcnt 
NHJir, and N chloride (Inw-'w, D i lironi uu I us IlDrO (flien it gets poorer in the acid) ; about 
seine chcm/'-c/.cu \\ rh ilt.n.s.u' ; IDu.lelb. r,g, dli'. p.c. of the Dr n -.ed i.s r iuin;.;.' I to llDrO. 

1820, p. hi). An aqiie.tiis solution of DrCi, ^ C roper lifs mil l;ai<tion.. Solution with 
obtained by dis.?o|ving ,Dr in ClA.i, is decom- (V2 p.c. Br n? IIBrO dec.-mpM .i s at 3(1 ' giving 
posed by alkalis giAing alkali •Inornate and B.r and IIDrO.Aq; S(»hiti(.n will) •73(i Itr as 
chloride; in sunlight HBrO^A jiand IIGIA q .'in^ JID O (bcompo.ich, int(M> me pn.duels, at 60^ 
farmed; reducing a-onts. e.a. SOAq* Z.o llDrO \q i;» a strongly baiicliing liquid ; it li 
powder, Fe tilings, P, NO, .Vu., withdraw CJ, and decomposed by Agd) (au-l slowly by crititaOi 
ietBr free (Schonbein, J.pi. 88, 483). ■ with AgNO.Aq) with formation of 0 and AgDr, 

Bromine, Cyanide of: bettor called Cyanogen hy lI/i-Aq with evolution of O; and by llClAqi 
Bromide, obtained by notion of Br on IIg(CN)j, : DDrAq, and iIIA<j, with formation of Br 
KCN, or IlCN ; r. Cyanh; acios, vol. ii. p. 31.3. j (Schonboin, J. pr. HH, 47.0). 

Bromine, Hydrate of, Br.lOII.O. nl.tained No hypobromites have hem obtained except 

by cooling a saturated solution of Br m il,0; |in dilute aqueous RoliitiouH. By the action 

l>. Bromlnk ; Combirm/.-oux. No. 1. j of alkalis, alkali carbonates, or phosphatoi 

Bromine. Iodide of : better called Bromide of j (h.^itzsche, A. 40, 271), on BrAq, yellow, 
Udine; V, Iom.vk. j tBougly bleaching, liquids aro produced; thoM 



liqni^f atv yvrj uniiaoie, decomposing In 
air, quickly at 30^. They decompose urea 
vith evolution of N ; ~CON,H, + 3lIBrOAq » 
CO, + N.. + ailBrAq + 2H..OA(i (K. Knop, C. C, 
IB70. i:52). liuhird (.1.' Ch. 32, 337; J.irr. f, 
10’;) rlcscrilxvl bodio.H rc blr.idiirif; 

pow<lfr, obtui/iffl l»y the iu-tioii of JirAq on 
CaO and liaOjJ^. ; by the addition of water 
and lillration, hiraehinf,' Bohilions were |iVo- 
duced, very uii.stal>lo, and eaaily decompoocd, 
even by CO.. 

11. ItiinMic Acin AND ]Iuomati;b. IfUrO.Aq 
and MUi’O.,. Jb()?jrit; acid, IllJrO;,, hi known only 
in aqueous sr)lutiou. 

Farinnlinn. 1. By electrolysis of lIBrAq 
(Uiclie, a. tl. 'in, .‘{IM). 2. I'.y action of Jnat 

on bypotironiites in solution. 

VrojuirntiKti. BalliO., is prepared by adding 
Br littio by little to cone. BaO.H.Aij until the 
liquid is Hlir.btly reil, when JSaMrO, pps. and 
Ballr. remain;; in Solution. 'I'hc BHlIrOa is crys- 
tallised from lint water, <lrieil, ami ground to 
lino powder; JOO parts are dif'esled for Home 
timo in tin; cold or at a very |.;entle heat, with 
21 parts eonc. 11, SO, mixed with 210 parts 
ll.jO; (txces.s of II. SO, is removed from tlio 
liquid by j'ladiial addition of BaO.Il.^Aq ; the 
acid li(|uitl is evapr)rated in Vdcuo (Kafinnels- 
berff, A. B), 117). Kaminerer passes Old) 
Into Hr under H .0 until Hie colour of 
the Hr lias disapjM jiied ; 5CI ,0 f Hr.Aii + If .0 
-^2ll,livO,,Aq I KK'I.Aq (d.pr. SA, IW).* 

Vrojh'tt'u'H nnd lii'iirfians. - JIHrO.Aq maybe 
conceulrafed in viuuio until the litpiid contains 
5()‘r»U p.c. 1 1 r>rO, ; the c.omjiosition then nearly 
ai'reos with the formula IlHrO,.?!! X). When 
fioncoutrated hy lieatiii}.' iu an open vessel de- 
composition beeius when tin* liquid contains 
'1’27 p.c. 1 1 llrO,, with pnidiiction of Hr, O, and 
llX). Hr>rO.,.\(| i:i a colourless, acid liquid, 
Avith a broitiiiie-like smell. Oxi<^sal4c bodies 
dcciunpo ,e lllirO,A<j with separation of Hr; c.<;. 
r.SO. I 2lll5rO,Aq i IH.O oil SO.Aq t Hr..A<i ; 
filLS ) 2lllh(),,.\<i -bll/oAq I AS f Hr..Aq. ‘lo l- 
iiui quiekly decomposes lJ|{rO.,Aq, formin,;:; 
HIO, (Kiimmerer, ,/. pr. H.'l, loi*) ; Cl, dihilo 
lHS(),A(j, .’Hid (lihite HNO.,.\(j, are without 
aetioii. lIKr.Nq decom)>ose.s nitrt),Aq, foriiiinj^ 
II./) and Hr; lltdA;] and lIlAij form H.O ami 
l’>rCl or IHr. Tin* heat of iieutralisatioii of 
llHi(),Aq is the same as the mean value for the 
stroll, qer monolm.sic acids; [lIHrO'Ati,*Na()IIAq] 
‘ ■ 13,7H0 (7'/f. l,21<t), Hromic acid i.s monobasic 
Hiid forms one seric.s of salts, the broraates, 
M‘Hrl>, and M''2Hr^),; tho.<e salts are formed 
by the action of llHr()^\i] on the oxides, 
bvdroxide.s’, or c.vrboiiates, of the metals; the 
a'kuli and alkaline earth salts are also formed, 
always Avitli bromides, by the action of Hr on 
aqiieou.s solutions of (fie alkali or alkaline earth 
hyilroxides. (I'or spei ial iiu thoil.s r. individual 
salts ; also Kammerer, ,/. /t. So, -ircJ.) The 
brouiates crystallise well ; they are all soluble 
ill water; tlie least soluble are A^HrO, and 
ll^rHiO,. 'I’luy are decomposed by heat ; 
sometimes () is evolved and metallic bromido 
remains, c.ij. brouiates of alkalis, U^. and A^; 
soruotimes Hr find 0 are evolved, and oxide 
nuuain.s, c.g. bromatos of AIk. Al, Zn ; or a mixture 
of oxide and bromido remains, c.g. bromutea of 
Pb, Cu, Ac. Hilute llN0i,.\q, 'lIjSO,Aq, or 


HjPO^q, ^eeompoBegbromatei'glvingllBrOjAq 
most of which decomposes to Br, 0, and hIoI 
Solutions of bromates react similarly to solution 
of HBrOj towards SO,, H^S, HClAq, HBrAq. 
and HIAq. The bromates have been chiefly 
invcstiealed by IhimnielsberR (A. dO, 147; P. 
00, 10); Ldwi;^ (Zjl. J. 12,120); and Marignao 
(C. li. 4;j, OoO ; J. 1857. 127). The following 
are the better-studied salts. 

liarium hronuite Ha(HrO,)...II.O. Pria- 
; niatic, iiioMoclinic, crystals; isomorphous with 
Ha(C10.,)._. (Murignac a. ItainmelsberK) ; 8. (lOO-') 
4'2; (15'^- 18’) -77. Prepared by decomposing 
KHrO.Aq by Ha(C.Jl30.j ,A(|. 

Cddniium bruniatc. Cd(HrO;,).^.H.^O. Co- 
lumnar tiimetric crystals; prepared by 
. CdSO.Aq rHaHiO.Aq. 8.(15^-18 )12.3. On 
heating, leaves CdU and CdHr, (Hammelsberg). 

! Calcium bromatc. Ca(Br()j,),„H,/). Mono- 

clinic plates (.Marignac) ; * prepared by 
CaO.dl,Aq+HHr0,Aq. S. (15'’-18®) 00. 

lh ated to 180° loses II .O, at higher tempera- 
ture give.s 0 and CaCi fUainmel.sberg), 

! CUjbalt bromatc. C()(Hr03)..Gli.X). Trans- 

' parent, hyacinth-coloured, monometric octa- 
: hedra ; ]irepared by IlHrO.Aq + CoCO^, or 
; Ha(l!r();,)..Aq + CoS(),Aq. S. (15° 18’) 45'5. 

: lleat<*d, gives CoO (Hammelsberg). 
i C'o/v'cr bromatc Cu(Hr03)...5ir.X). Bhic- 

grecn crystals, etlloreseing over i f, .SO, in vacuo 
; very .soluble; lose 11,0 completely, and a 
1 little Br also at 200°. Prciiared similarly to 
Co(HrO.,).,. 

i Lead hromnta Pb(BrO,/,,TI 0. Small, 

I Iii.stroiis, monocliiiie prisms; i.somorphoi;.-? with 
Sr{HrO.,),. 1 1,/) (Hammelsberg). S. (15° IB’) 1’33. 

I Prepared by HHrO.,Aii -h PbCO,, or cone. 
Pb(CUl.,0..).^Aq -f KHrt ),Aq. Heated over 180° 
gives Hr, I'iA).., and PbHr.„ at higher tempera- 
tures gives Pb,0,, Br, and PbBr.^. 

*Maijncsiion bnn)iatc .Mg(HrO,j)^.OII./). 

Barge, elllore.seent, monomelric oetahedra; S. 
(I5°_]8 ) 71-5 ; loses all IJ./.) aliuvc 200°. Pre- 
pared by MgO i llHr03A(j, or 

ArgSil*',/V(j + KBrO^Aq. 

^fnrllr^f bixmiatcs Ilg.,(BrO.,)^, and 
Hg(BrOj),.2n/). Mercurous hrmnate is pre- 
l»ared by iIg.(NT).,)_Aq + KHrO.,.\q or 
iIHrO,.\(i ; llg.O; iiieieuric bromatc by 
, HBrOa.Vii i fre.slily ppil. IfgO. Both form 
.small white crystals; the mercurous salt forma 
ye'low basic Hg.(BrO.,V..Hg/) by the action 
' of lip; when heated it decomposes with de- 
tonation (Hammelsberg). The mercuric salt 
; dccumposi's at BlO’-llO’, with slight explosion, 

■ to HgO, Hglir,., and Jig, .Hr,. S. (1G°-18’) *17, 
,(100°)J-i;. 

I Nudud bivmatc Ni (Y.r03)..,.r)II.p. Prepared 
i*aB, is isoiiiorj^ious with, and generally re- 
I 8em)^es, the Co salt (q. v.). S. (15°-18°) 28, 
i (Hammelshcrg ; r. also Marbach, P. 94, 412). 

I Potaaaium hroynate KBrOj. Prepared by 

■ adding Br, or BrCl, to cone. KOHAq; or by 
; adding Br to K.pOjAq which has been previously 
‘ saturated with Cl. lihombohedra (liammels- 
’ berg ; Marignac, J. 1859. 139 ; t*. also for crys- 
talline forms, Lowig, D. J. 12, 120 ; Pritzsche, A, 
40, 251 ; Marbach, P. 94, 412). S.O. [fg 3-271 
(Kroniers, P. 99, 413). S. (0°) 3-1, (20°) fl-9* 
(40 ) 13 2, (100°) 50 (Kremers, A 97. 1). Insol. 
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ia akoiid. B. P, of saturated KBrOjAq « 104^* 
BBrOt, vhen heated^ molts at dlMT, tlieo begins 
to decompose, at first slowly, then rapidly and 
explosively, with evolution of 0 and a little 
Br. According loFritzsche (J. 40. 251), crystals 
of KBrOj prepared frum ex.iotly neutral solu- 
tions, or from solutiiui^ coniainiiig a little 
acetic acid, decr« pit.ite 1 1 for** iltVLiinix'sin^', and 
lose I'.e. of tiuir (. hirily watt i ) ; if 

the resuliiiig powder is idatcd in warm water, , 
0 is evolvt (1 at the ^surfaee.s of the n!idi--oi\t'd 
particles, Ijiit most of tiif () isa raiti .nlisurhod l>y 
the liijuid ; on fnaporation, jroie Kl!rt>, ery.’- 
tallises out. Frit/ -eh.- mijijios. that KlhO, is 
partly dr l oiojuts^ d Iiy In al to h} jxduuUiitn and 
perhromatf, lliat the latter su-ts on water, 
evolving D and formin'' Klh(),.Vi], and that tin* 
0 is ahsorlted liy the KIirt)Ai( with forma! it-n 
of KUrDjA'j. KlhO, is il* et.mpt. a d hy imiu*. 
IIoSOjAij, willi I vd'.iitiMM ,)f () and Fr (I.hwi;.'); 
by HNO.Acj, witli joednetimi «d KNO.Aij, l!r, 
and 0 il’enny, J. .’17, ‘JnCii. Kl!rt>,Atj dt icmpnsi'.s 
.'Oparatin}.; S, and forming ilFr.Aij, juid 
ll.-SOjAip Ileafid witii eomhii.^tihle bodies, 
KFrOj (wolves 0 lapiilly ami e.xph'sively, 

Silrcr bii'Vintr AelIrO, Finn trie prisms 
(Marienae). l'i< j'ar. d hy AeNo.Aq • lIFrO Aq 
or Kl5iO,A(|. and ei \.-taiIising from hot watir. 
Stahh’ in air free from organic matter. Deeom- 
pose-j on In at hi;.', 

iS’evi , m hrrn'.iiii' Nal'rF,. 1‘repnred ns 
KTtrO,. At d" eiy,-ta!'! with /ll_(.> foiniin,; 
ejlh'ieetiit mtdhs (I..twi/’); ahove -I* the 
anhydi'iiis salt separah s. isomcijihous with 
KMrtt, ;;eee,ii|ing to lawsi; (7», ,/, 12, 12U|. 

F.fh r ;; ,s. (ti’ ) 2s. (20 j :ts n, (carj t’.2-r., 

(KUl'! '.m (Kleiners, F. I'T, 1). F. 1’. of .satuiai(d 
iN a Fit.) A I] loy*. J)< e< mposa s when In al< d us 
KFrO., (7. I'.). 

';-m In nnntr. Sr(FrO^).,.lI/). M.aio- 
clinic pii iii-. Is aJiiori.hi us wiili the F,-.;a!t 
tllarnnu ].- 1 < rg), S. {15 l } AM. jan. .s JI .O i 
at 120'. Frepan d hy SiCO,, 4 lIFiO^Aij. 

yitic }■! miiiitti ZniFrO,) .(iilJ). Mono- 
nu-liie oefaliedra, i omorphoiis with flie Mg 
Ball; jm pared as <.'o(Fr() 3 ),.<>lI .<). Melm at 
10(1'; loses I’dJl) lit Vliil) vith partial dficm- 
posilion to Zlith Fr, and O, ,S. ^15 ' Is j F'O. 
JSoluhle in MI.A'j (Fammelshfr,"). 

Fo'iihs the for* hromates of Ce, T.a, 

and Fi id tlu> fnim Millrt),) .<'dl () lia\e b* » n 
prej'art il (Famm* It-lcrg. Maiig’iiae, IF-rimann 
J. i>r. 82, ;5S5), Fromutes of Al, Cr, Iw'. .ati l 
V ; of r<l. ami I’t ; of Fi ; and of Sn. i <*m to 
exist. Tiny Jia\e, liowtvir. ( illnr not bn n ; 
obtained in dcfmite foim, or l ave L* eii vuy 
slightly eiamim il. ^ • 

Bromine, Sulphi*^'. of: bety-r railed Sul- 
phur Bromide (r. Sim-im a). M. M. P. M. , 
BROMINE, ACTION ON ollOANIC BODIES 

V, Bkomo-*;* MrocNOS. * 

BR0MO-. I'sc of ihi^ prefix aj>] lied to t;n/r- 
ganic covipoinuLs : for bretr.o cnnj-oumh and 
%roiuo-salts v. the chment the brorrio-cem- 
pound of which is souglit for, or the snite to the? 
names of which Invio- is jinhx**!. Ihu.*; 
brovwchloride. of carbon will be foun I undt-r 
Cakbon; bromo-chroniate of j^otsssium under 
Cbaomates. 

BR0MO-AC£KAPHTH£H£v.AcENArnTUXKi!. 


XBOviMUiiirAPaTslunnc «. Aonura- 

SKTMJm. 

BBOXO'ACSTAL t*. Bnouo-Acsnc ALDRnvtiB. 
•BR0X0-AC£TAH1D£ c. Fuomo-acktio acip. 
A'-Bromo-acetamide v. Aceto-bromoamide, p. 5* 
BROMO-ACETAMIDO- r. Fu.^m*) amipo-, 
BROMO-ACETANIIIDE v. FiaMo AisruNi:. 
BROMO-ACETIC ACID C ll,FrO, i.§. 
C^J.Fr.COir. if.F-'h i2()S ). 

/om.if.-nu. — 1. By bn'ininathm of aitetio 
nei*l (IVrUin a. Fuppa, .1. lo^’. F)h ; Hell a, 
Muhll;aiis* r, /•’ II. 2Jl ; 12. 7 •). 2. Fy In at- 

ing ethyl acetate with h-emo.e at 150 (Crafts, 
.1. 120. 501. I’rom glu-idlii* acid and UUr 
(Kikule, A. l.IO, llh- I. Fy atnii.-]>herie ()\ida- 
li*m I'f an alinhidie relulinii of hM'iiui »dhyl(mO' 
((Jl<>ekn. r, J. Sujiid. 7, 107). 5. Fy the aetioii 
(<f hinmim* <'11 dry gluarin (Fail)). .4. 121, dll). 
0. 1 ri'iii <diloro a<< tie aeiil ami HFr (Fi'mol*', 
Ik 0. 501). 7. Prom i tliyletie hromide aud 

fuming il.NO, (Kuelihr. M. 2, 250). 

i*;# Fr, giaeial acilli! acid, and 
som(' ('S^ .'ll*' hoi!< <1 with invi rl<'<l <*o)nh ns*’r; the 
jiilil is in aiiy tln t'K tieal (Miehael. .Fa. 5. 202). 

/Vo/‘e/7.'('' . Fe!iiju<"*-ent rhomhohedra ; v, 
sol. water. Flist* rs tlm sKin. 

I'e 1. IF atol with riae it yield? 
/,n(< >Ac.t . ami ZnFr,. 2. Ml , forms glyeocoil. 
d. Siiitr b-inuile. forms giveolliile, benzoic 
neitl and A;'Fr. 1. Silirr j>oiriit r s\l IdO'* forms 
sineinie m id. 5. /'Oi.-’f .s-a//d(.(/(' (C,I],),.S 

forms h* ii/.^i ))romi<le ami .S(<’ll ..CO ID; (Indts, 
Tr. K. 2'^,»il2l. .Ml)l .‘iilplii.le a<‘ls similarly.- - 
0. Frotiio aei In- aciil ami its ( lliyl ^all unite 
diii. lly will) Me ,S and its lioiii di igm."-, forming 
hy<irol*romi<l< s of ‘thetin* s’ (Crnin Frown a. 
J.ett.-, II. 7, 005). 

•Salts. I he Nil,, K, Fa, ami Ca sails are 
V. Sol. water. l’b.\' : lamina', si. sol. (aibl 
wah r. Ag\': eryslalliiie ; e\plodis at 
Ur 0 ^v<.\'.mClaik<' a. Owi iis, F’. 1 1, .15). 

M. thijl etiu r MeA'. (Ml ) (1*. a. !>.). 

K till; I ether I'l.V'. (150'). C*tiverled by 
Na ini** a* • < oi 'F*' * iIut (r, p. 2), 

("nirn .!. ■} ,iL r (’I l/’l.(’II ,.A'. (211). 
S.(i. L'J I tia. I’rom ehloro-elhyl chloro aeetato . 
un*l Fr (lf<'nry, C, ft. 07, IdOH). F* i-omponed 
by Inating with water into glycol clihirliydrin 
ami hromo-ao<'lie arid. 

Jii inao-ct hyl ct her 

CH .niFr.n.CO.VH.Fr. (Id5'’) .at d70 mm. S.CJ. 

» ■ J 0r.2e •I’n.m I'H 'HCl.c lAo (r. p. 105) and 
Fr at. 100'^ (K- m I, t> 10, 1000 ; 11, 1010). Oil. 
Foiling uleoln li*- KoJl ff)rm'< br*iino ac« lie (dher,. 
l'7lFr, acetal, and rr<*toni(: ahh li\*le. 

7 F - hrom act h y I e fh e r 
C U ,Fr..O.(:O.CU;V.r. A non ^oIaliIc nil, ob- 
tained by heiitijig the pr* i *djj)g (I mol.) with 
Fr (1 rnol.) at 12tj'. 

'fri-hrama-ethylt thcr 
CJl Frj.D.C'O.CJlFr. An* il forirnd by heating 
bronxi rthyl br*)mo «<:» te e (1 mol.) with Ur 
(2 rn'ds.) ,'it FiO '. 

Te tr a • br •'7)1 a . n t h y I ■ r t h e r 
C^JFr,.O.C’O.CH Fr. (177 ). i rcjiii the prece<ling' 
(1 mol.) and Fr (1 mol.) at 170'^ Decomposoo 
by aIo(^hol info litFr and Iromo- and di-bromo- 
act tic ether.'-:. 

Venta hr ovxo- ethyl ether 
CJtr.O.CO.Cll Hr. (c. ly?^). Eorincd by bro- 
fninaling the preceding. 



CHiOTidt «.%iioiia-u»ti(> cHtiOMDi, 

Br omide v. BuoMo-WBrn beomibk. 
Anhydride (CH^r.C0),0. (2m. -Ob. 
tttined by distilling Ac.O.CO.CH3r wnicli i« 
totmad by thfi antion of AcONa on Br.CO.CH^Br 
(Nauinann, A. 121), 27a ; Gal, C. li. 71, 27a). 

Aviith. CH,l{r.fa).NI{.,. flfiS®]. From 
bromo-ar'olio <-thf!r and 20 p.c. NITj at O'"’ (Kostcl, 
B, 11, 2110). V. Bol. water, bI. boI. alcohol, 
■insol. oi lier. 

Nitrite OUJlT.C}^. (Ml)'’). S.fl. 1-771. 
V.D. 4 00. BronKi-acetorutrilo is formed by the 
action of broniinn-wiitor on iodo-acetonitrilo 
^Ilenry, C, It. lO.'l, 4ia). Tlie dibromido of 
ftcetonilrilo (j), a.O) may be looked upon as a 
hydrobroruide of bromo-acetonitrile ; when water 
la added to its alcoholic Rolution nei'dies of the 
imido (CH.Jtr.COl.Nll [OB '] gradually separate 
‘{Knglcr, A. i:ta, l.*i7 ; 142, 00). 

Di-bromo-acetic add(:j{Hr,.COdI. I 
{283°). Formed, togclher with OliJlr.CO.fl, 
when a rnixlure of bromine and acetic acid is 
oxpo.sed to sunlight (I'eikin a. Duppa, C. J. 11, 
22 I Scli/ilfer, /j. 4, ar»B), Formed also by tlio 
action of Br on acetic ether at l.'JO ' ((kirius, Jt. 

3, 330), and as a hy-product in tho preparation 
of tri-bromo acetic aldehyde' by passing bromine- 
vapour into alcohol. Crystalline mass, v. .sol. 
alcohol and ether ; its vajiour is very pungent. 

iSatts. Fxeepting Ag and mercurous .salts, 
■the (lilirumo-aeetales dissolve readily in w'aler. 
NH^A'. KA'a(|. BaA'. latp BaA'.. O.ui (Bcne- 
dikt, A. IH'.), 100),— PbA'., : Ktellutc groups of 
needk’s. ■-.^gA': needles*, decompoKod by boil- 
ing water into AgBr, glyoxylic acid, and dibromo- 
acetic acid; decomposed by ether at IIM) ' into 
AgBr and an oil, C,lIdtrJ>„ wluuice water forma 
di-bromo- acetic and glvoxylio acids (tVrkin, 
O'. J. H2, 1)1). 

E t h // / e / ;< e /• C 1 1 B r,.C( ).,F t. ( 1 0.’l®). J-'ormed 
by healing tlie acid with alcohol ?»r by adding 
bromal- by (Irate (4 pts.) to an alcoholic, aolution 
of KCy (1 pt.) lUemi. J. It. 7. 2<;;',). 

Atniilc 01 IBr.OO.XH ., (l.'>(>']. hWmatiou. 
— 1. Fn»m di bromo-aeetic ether and Nil, 
(SchiilTer, 71. 4, odD; Kessel. /;. 11, 2110). 
- 2. From p{'n(a*l>rom(*-acelo.a<adic amide 
CBr,.C().(‘Br .rtl.NU., and boiling w.ifer (Stokes 
a, V. iVcliiiinim, Am. B, 27r>). - 3. From penta- 
bi’omo acetone and NH, (Cloc/., .(. 1*22, 121). - 

4. From asparngine and brojfline (Gi^tl'.schi, B, 
1), 143;“)). /’!( »/.'(•/ //V.s’..-N( (‘dies; may lx? .sublimed; 
m. sol. cold, V. sol. hot, water, alcoliol, and ether. 

^ NitrihCUhrX^. [ I PJ ']. Fonm'd, together 
, with hromoform and^CtP hv the action of Br 
on a(|iicous cyano acetic acid (lIolT, B. 7, loTI). 

Tri-bromo-acetic acid CBr,.CO H. rF'.O ’J 
(S.) ; fl33’l (Oal, C. It, 77. 7h»V). (‘X’.O’). 

Fonmition. 1. By^Jie action of water on 
tri-broino-a(‘(’tylbroinido. — 2. By hentingn(pieou3 
inalonic acid with bromino (retrieff. B. B, 730). - 
8. By heating tridiromo-acetio aldehyde with 
HNO, (Se)uitTer, B. 4, 370). 

ri'op<rtics. MoiuH-linic tables, V. sol. w-ater; 
it* vapour is ])ungent. IVeornposed by boiling, 
giving off Br and HBr. Tho salts, excepting 
the nilvor and mercurous salts, are v. boI. water 
and alcohol, but decomposed by beat, both when 
4ry and wh(*n in solution, into bromoform and 
41 tnetallio carbonate. 




needles.— AgA' : very unstable ^ 

Ethyl ether EiK'. (225®). » 

Amide CBrj.CO.lTHj. [121®]. Formed, 
together with tho preceding by the action of 
bromine on asparagine suspended in water 
(Guareschi, G. 0, 375). Formed also by treat* 
ing hoxa-brorno-a(;ctone with ammonia (Weidel 
a. Griiber, B. 10, 1148). Monoclinic lamime; 
may ho sublimed ; si. sol. alcohol, ether, and* 
cold water. Split up by boiling alkalis into 
bromo-form, C()„ and NH,. 

BROMO-ACEtlC ALDEHYDES. 

Bromo-acetic ortho-aldehyde. 

Ethyl ether ClLBr.ClIfOKt).. Bromo- 
acetal. (171°). From acetal and bromino 
(Pinner, B. 5, 11')) or by treating vinyl ethyl 
oxide with Br and dccompo.Ring tin; product 
Cll .Br.GHBr.Objt with NaOFt (Wislieenus, A. 
1112, 11*2). AlcoholicKOII at 170° converts it into 
CIU)Il.rdl(OFl)„ while NaOEt forms at 100® 
ClL(()Kt).CIl(OKt),. 

Di-bromo-acetic aldehyde CHBrj.CHO. (142°), 
Formed by dropping Br (2 raols.) into a solution 
of pariildehydc (1 mol.) in acetic ether (Hage- 
mann, 7i. 3, 75B; Pinner, A. 170, 07). Lhpiid, 
V. sol. wat(!r and alcohol. Blisters the skin. 
Blowly changes to an isomtuic modilieation, 
in.-ol. water. Combines with water, forming 
the solid hydrate CUBr,,CH(OII).,. 

Tri-bromo-acetic aldehyde CBra.CJIO. 
Bnminl. Mol. w. 2SL (174 ). B.O. 3 ;il. 

Formation.— 1. By the action of Br on alco- 
hol (la. wig, A. 3, 2B0; SchiilTer, B. 4,3(111). • 

2. 'fogether with the prr e('ding, by tlie bromina- 
tion of paraldt'liydc. 

}*ropertie.'i. Pungimt li(piid; decomposed by 
a(]Ucous alkalis into bromoform and formic acid. 

Jienc(ii>n.'>. — 1. Fuming UNO, formstri-bromo* 
acetic acid. — 2. Alcoholic KCy forms di-hromo* 
acetic ether and IlCy (Ihuni, B. B, 035). — 

3. Cone. il^SO, form.s bromalido CJJ.BrjO, 
or tri - hromo • cthylideno tri - bromo - lactate 

O.CO 


[15B°]. This body is 


i:Br,.Cll/ I 

Ml.ClI.CBr, 

also formed by the action of tri -bromo -lactic 
acitl on bromal (Wallach, A. 133, 52). It 
is insol. water, and decomposed by ak-ohol. — 
4. Tri-chloro-hictic acid forms the corresponding 

< O.CO 

I [150°].- 6. Lactic acid 

O.CII.CCI, 

/O.CO 

forms CBr,.CH<; ( TO?®] (Klimenko, 

\o.cH.cn, 

B. 3, 91)8). 

Conibina fkwn?. - 1. Will. •water: Tri^brotno- 
(acetic orthoa l^ehyde or Broma l-hydrate 
CBr,.(jn{01I)... [54°j. Crystallises on evapo- 
rating an a<iueous solution of bromal. Decom- 
posed by distillation into H.O and bromal. — 
2. With alcohol: CBr,.CH(OH)(OEt). Bromal 
alcoholato [44°]. Thick ncedle.s ; si. sol. water; 
j resolved by distillation into its components,— 3. 
: With 8 od i u m b i 8 u 1 p h i t e CBr,.CH(OH).SO,Na; 
; lamina).— 4. With amm onia CBr,.CH(OH}.NH^ 
! cry stals, insol. water; decomposed at 35® (Sohiffs. 

: Tassinari, B. 10, 1780).— 5. With acetamide: 
j CBr,.OH(OH).NHAo, [160®] (S.a. With 
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BlOHO-AOinO]^) 

iBpim>e. 

B%0M0>AC£TIC CHLOKIDE r.BRosio-ACETYL 

OBLOMDE. 

BBOMO-ACETIC OXIDE r. Anhydride of 

BHOMO-.M'KTir ACIf'. 

BROlIO-ACErO-ACETIC ACID KtU',!- 
ithcr Cll.iJrO, i.e. ClL.CO.CIllir.COKt. 
S.G. 1-511. 

Fonnation. By A.lilitioii of Br (1 mol.) to 
an etlioreal Kolution vl nccto nc» tie othor (Duis- 
berg, B. I'l, i;;?.); A. 213, l;’)H). 

Propetiu's . — brown ; bI. sol. 

water, v. sol. ttlwr unil ab-uhol. (irailuiilly «lo- 
ooniposes on standin-/. tjiviii;' olT IIHr. ]-V(M. 
turns its mjniou.s solution tb-cp r*'.L it 
solved liy ban la -watrr. iind on a i.iin-.r I’utoAi l . 
tlie snhilion f;iv< s u sa|oj'na‘n oryst-illinv' j)j). 
Cu(C, 5 lIJ)r().). wliioli on n’crystalii.^^ation fn-ni 
alcohol or CS; s<‘parat«‘s as darho^irt n tuaillv s. ' 

Bi'di'fi'tnx. Alcoliolio Ml, forms sue- 
oinyl-siiccinic elhi'r. ■i.,Na ad-k'd to its ctlii'- 
rcal solution also ])rodu<'i-s put-cinyl-sncoinio 
ether (diliydrido of di-oxY-t<‘r< plif lialio f tlu-r). -■ 

8. NaOMl prodiioos B’U'«i}iyl>iu.**‘nuo noi<l 
(Wedel, A. 21'J, IfJ). 'rinst; r. ictions may bi' 
represented thu.s: 2Cir,.C().(,'llBr.(:<» lit 

('If CO.('H.CXU::t I 

-211I]r^ j 

COJil.CH.CO.CII, ! 

rifd'tOJD.CIJ.CO.Et 

-2TIBr ♦- 

CO,Kt.ClI.C(On);(Xl 

Anilide CH..ro.ri{Hr.('«).NIIldi. [l;j^ . 
Bromine ad kil to tho .'uiilid.' of acoto-actf i<: 
ether in ohloroform forms an ad lilive prodio t 
which on waniiint* yi< Ms bro!o.') aci to-ac< tie 
anilide (Knorr, .1. 2 ;o‘i. 7'.i). I'cu iy phil' S (from 
alcohol); fd. tud. watir. Coju;. Jl St), ])rc'd»‘c.s 
bronio-oxyinitliyl-qninolim'. 

Methyl-brnino-aceto-arotie ether 
CH 3 .C().CM<'r.r.C()_Fd. Olitaiu' d by brornin.-ition 
of methyl-ac( to ac<’tio< tli'T, f.^juid. Con vert < -I 
by heat into Ktlir and C lf„<)j (I’awlov.-, (J. IL 
97, mi). 

Ethyl bronn-acolo-acelic ether 
CII..CO.('r.tr.r.CO.Kt. S.Cf. 1-35. Old.linod by 
adding Br to ' Ihyl a(‘< to acotic < lbf r in olio ii al 
•olution (\Vr 1- 1, .-1, 2I'.», li)2). r’un;-'ent li(]iji 1. 
jFc.jCl,) tarns its aleolifillc rolufion violet. At 
100® it gives litKr aul (i*, If. O, or 
probably (.’H ,.C( ).('(('() lint it. Cil, {cf. Idciiiar- 
^ay, A. Ch. '/>) 20, U)',). 

I50-butyl-brc:no-accto-acetic ether 
CH,.CO.CtC,IIjHr.C<.),Ft. From iso -butyl- 
aceto-acctic ether at —5^ (fb jnare.uv, 

BI. C2] 31, 513; :J3. old; A. Ch* 20, 133; 

C, R. 80, 1085, 11.35). AlcohoBc KOI I convert f 
it« according to Dernareay, into hex<>ic, inathyl- 
isobutjl -glyceric, In ptoic, ' xylif ptoic, and g'y- 
collie acids; aru-orrling to I’awlow (C. R. 07, 
99) alcoholic KOH forms an oci 1 C»H,;0, or 
CH|.CO.C(COJJ):CH.Fr with evolution of JMJtr. 

Di'bromo-aceto-acotic ether 
CH,.CO.CBrj.CO,I-:t(?).S.G.3'’ 1-^81. From acelo- 
acetic ether (10 g.) in ether (10 g.) treated witli 
Br (24‘6g.) (Duisberg, A. 21.3, 1 13b Pungent oil. 

1. Aqueous Fe.Cl, gives a deep 


colour^ but Ca(OAe)«girM no pp, in Abit folii* 
tion. A sap-grwn pp. Cu(C.H,BrttO ii, bow* 
ever, formed when oono. Cu(OAc)sAq ia added (o 
an alcoholic solution of the ether; it orystaUiaca 
in nordlcs (from alcohol).— 3. Diluted with 
etiu r iiMtl treatrd with Na. di-bromo-aci to aoetic 
t tht-r (SOg.) gives ili oxy-ti n'phth.'ilii- ether (9g.). 
NaOl.i mav he used instead of Na (Woilcl, J. 
•Jilt. 71). ‘ 

Eihvkdi-bronio-aceto-acotic etln-r 
C.,II lb- i:n>, i.e. CM Br.l’O-i'BrJ.t.rO Ft (?). 

N.ti. l »tl. A Vilbnvuh oil, gill iiy biixiiimitioii 
of eihyl ;teito :iet tie etiur. 1'*^' ('I, eolours iftl 
audliMie soliiiion \vi!n n d (\\‘i di I, J. 21',), 10*J). 

Tri-bnmio-acoto-ncclic clhor 
CH,l5r.C().CJ{r,.r«).Ff. S.(k 2 Ml. From 
;ie. {(1 I u- rliu r (lOg.) in «’h!i>v >:‘orm (‘JOg.) 
by addition of br-iniine (.3fSg.l (Due bei)-, .1, 
213, 1151. Yellow lupiid, slightly puiP ' Mt. V. 

1 1. sol. w.itrr. When heated, it giM s olT llBr. 

75 n ”■ 1, Aipieonn F<‘.(’l,. gi^i a after 
i'lime lime a .slight retl pp, 2, (iive.s in alco- 
boiiir stdiition with einjrio acetate a green pp. 
Cii(<:jl.nr.(),). (Wedel. A 211). 95). 

Ethyl-t ri-br jino-aceto-acctic other 
<• fI Br.IitO, i.e. (dlBr .rO.CBrlM.CO.Ft (?). 
S.<;. P.Mb Its aleohulio nulution in turned winc- 
n 1 liv I V (-1,. 

I Tctra- ;i;id Pcnta-bromo-acelo-acelic ctheri, 

‘ B>> e.ill. 1, are mixtures of tri- willi iter- brumo- 
aeetu-aeelie etiu r. 

Pent.! 1)1 n u! i)-a ceto-iice tn /n i de 
CBr,.(:().ri{r,.C().MI,. [e. I IS J. From di-oxy. 
amido p\ ridim* and bromine water (S|.iKen a. 
V. Ib ehmann. Am, 8, 375). Needli's or prisms; 
<‘onverli d ]>y boiling water into di biomo aoct* 
amide and ('llBr,. .Ab-oludic Nil j’iveHdi-bromo* 
malonamide and CIlBr,. 

Per-broiuo-acctooicctic ether (’J{r,„0., i.e, 
(’f’.r.,,C»).(;i'.r..(’().(’.Br,. it)', I' 70 . From tri- 

liromo .'i^'lo,^ •ejie < llier and bromitit* at. Hi)’’ 
for 2 o.uys. Folourless erystallinn maHS. Not 
alTeet' d by air. (Jivea no eoloiir will) and 

no eopfi. r i-p. (\‘.'. d* I, .-I. 219, 97). 

BROMO-ACl.TO-AMIDO- rv Bi.mm.. ..Mmo*. 

TRI-BROMO-ACETO-OUANAMJDINE 
r,II,l>i.,N'.jt ).,. From bromii;i‘ ami /ojiieouH 
a < toguanamido (Neueki, Ji. 9, 2.30). Minuto 
i:e, lib s. iiis<d. water, nleoiiol, mid etiu r. Bpiit 
nj> ))y boiliii;/ with w;it< r into bromofortn and 
eviijouii- •u'id. 

BKODlOaACETOk r. Di -UU -Mm I leitMNK. 

BRt)MO-A';ET0NE(;il,.(:().( ll ,|}r. .S.G.1'99. 

Fortmtii'jn. 1. Jiy adding 1 mol. bromine to 
aeetoi'.e, i illu r jMiro or mixi d wilb w.Uc r or with 
CS iJanm mann, .j. 12.5,*;9)7 ; I ufiitufrlin;;, //. 

«‘i, *22). 2. By tlio aelion of a W' e.l; el. i |rle cur- 

rent on a tnixturc of aeeionu a.mi iiJJr (llicho, 
C. li. 1'.*, 27b >. 

P}\]^nrati^)n. 1. A ;8r am of (|ry air gain* 
rated -willi bromine (l.iMg.) ia puHn 1 through 
lOog. t ooled aeelonc (Fm;i. riing a. \\ ji;;ner, A, 
2(>l,27i. 2, Bromine (1 mol.) Jttparsetl through 
a solution of 1 mol. acetone in 10 vol. water 
(Sokolowsky./kO, HW). 

pHtjitTtiea. --Yellow, very pungent-smelUng 
oil, quirrkly turning violet when dry, more per- 
manent when mixed with a little water. Ag.O 
oxidibcs it to formic and acetic acids (Linne- 
rnann, HiU. B. Oh, 1.37). Aqueous K /.id, form# 





^ ti.pi-bromd.ao«toiw CH,.CO.CHBra. B.a. 2*6. 
Prcpated by adding bromina (2 mols.) to acetone 
’(d ttiol.) mixed with a large quantity of wat&. 
Liquid, volatile with steam. Not very pungent. 
Combines witli NaHSOj. 

s-Th.btomo -acetone CH3r.CO.Cn.3r. [24®]. 

Ttom di-ioAo-nc.donc and AgBr at 150®; or 
from di chloro-riectoiie and aqiu ous K15r. Loitg 
npHlWa with kiikII (Volkor, A. 102, DC). 

lU'<lu(;(!(l liy Zn aii<l U SO, to ac'-tone. 

Tii-broino-acclono Forinf'd by 

tb© action of alkiiliH iij)Oii lu.'xa-lnoijio-infdliyl 
inethnnyl di-kotono. NHj gives broiiiofoim 
(Conibea, A. Ch. [(>1 12, 211). 

Tetra-bromo acetone hydrate Can.JIr/lOiuj. 
f4Jrj. From Ha (10 |>ls.) and ucptone (I pi.) in 
the cold ; wlmn tlie rr.sulling solid inas.s is ro- 
cryslalliBfd from dilute ulrohol a mixture of 
totra- and pcnta-bromo-ae* tom? is first drposite<l, 
and aftorwardM ])rismH of tefra hromo acotorn; 
liydrato 0,11 .Hr, 0 2ai(. Tlic liydnif<‘ i.s insol. 
water, sol. jilroliid (Mulder, J. I^^fj4, 3^10). 
IVi’liap-; tliiji body is (0,11 .Hr,0)ll0i;t. 

Penta-bromo-acetcne O-JlHr O. [75®j. 

Furfiindan, I. i’join Hr (12 pfs.) and neet- 
ono (I pt.) ( ^^nId(•r, ./. IHIM, :i:!0; cf. Hleim r, 
if. 7, 5Uo, 12S|). 2. St'pai on adding wafer 

to an alcoholic solution of * phlorohromin,’ 
that 1ms stood some tinu; (H<'nedikt, C. C. 
Jm 7S, 101; .1. isu, ifiH),- From potassic 
citniconatc iiud Hr (('ahoiirs, A. 01, 351 ; 
Cirimaiix, J. Ih 7I, 522).- I. From ehelidonic 
a(dd and Hr (Wilde, .1. 127, H»7).~.5. From 
miueous pyruvic aeiil and Hr at 100' (Wichul- 
haus, A. 152, 2ti0). 

i'rit/K'rfo’.s’. - Trimetric needles (from dilute 
nl<’(diol); n:5:c-= ‘OOH ; 1 : -fiSt; (hiiseln'iner a. 
Friedlamh-r, Kri/fit, 3, 103). OonverUd hy 
aiiucous or alcoholic Nil, inl<* di-bromo-acet* 
nmido. A([noous KOll fotms brom«fori#, llHr, 
CO.;, and foiunio acid. 

Hexa-bromo acetone CHr,.CO.C’Hr,. [112''’]. 

Fonuittion. 1. Hy fill' action of Hr on an 

n»picou.s sohillon of tri aniido phenol hy»lio- 
chlorido or by drohii'iniile, or t»n ‘ l)n)mo di- 
ohronmzin ' the fust product of the action of 
bromine on these sail.;. 2. From brom/inilio 
ocidand Hr (Ilaril/.M h a. Sehnilcr, li 20,2010). 
3. Fromdi amido {'jiaiaiad hydroehli-ridc and Hr 
(Herzig, M. 3, H25). ‘ ^ 

i^ro^)(rfa’s.- - Monoclinic prisms (frrll if chloro- 
form) insid. water. I bviunposed hy alcohol. 

]{t:<ictions. I. Hoiling NuUIlAq or water at 
IStFform hronu'fonn .'uul CtX,. 2. lloilingconc, 
ilNOj Im.s no ac lii-n, nut at*J50’’ it prodneoa 
bromo ])icrin CT’.r,Ni)„--3. I>ry Nil, gives rise 
to tn-broiiio-aeetamide and CHr.,U. - 1. Sodium 
itmahjtitu reduces it to iso propyl alcohol. 

BROMO - ACETONITRILE v. NTtkilk or 

UaoMti-Aci'. l ie .\eio. 

a-BROMO-ACETOPHENONE C.H.HrO t>. 
3„H.,.(''O.CTFHr. I'luuijl bromo-tncihyl hetone. 
Vht'uacyl broviidi'. [50 ']. 

Format ion. ~-l. From acetophenone and Hr 
Emmerling a. linglor, J>. 4, liS; llunniiis, 2?, 
.0, 200r>; Stacdol, }3. 13, 837). — 2. Formed, 
ogether with CO . and HHr, by boiling a-phcnyl- 
•oxy-A'dibromo-[iiopi«'nic acid with water 
Botlij?ger, Jjf. U, 1238). 


Mellowly 

rutt mto a mixture of 100 m. oi 

and 600 pta. of glacial aceti^cich Afte??S 

mg an hour it is gently heated on a water batli 
till colourless, when it is at once poured into a 
largequantityofcold water; theyieldislSilpts.or 
80 p.c, of the theoretical (Molilaii, B. 15, 2464). 

Fropcrties.—Tnmetrio prisms (from dilute 
alcohol) ; pungent ; v. sol. alcohol and ether, 
insol, water. 

Bcactlons.- 1. KMnO,forTn.s lieiizoic acid.— 
2 Alcoholic Nil, fonn.s iso-indole CJl.X.— 
.6. With mlL-vmJonic rtiur it forms 
CJI...CO.CIl..ClI(COJl),.-4. With .vWm-ncc/o- 
acctic ether it forma acefophenonc-aceto-acetio 
j ether (r, p. 35).-- 5. Aniline forma (jlienyl- 
I amido-acetoplienotie (Mohlati, B. ] |, 172). - 6. 

■ Heaefs with hi/droxi/himire hijdnrhloride with 
. ])rodue1if)n of i.-.o - nil ro.so - acetophenone -oxim, 

I CJM'(N(>Hl.Cll..NH.()H [Kbrj (Schramm, B. 

■ 16, 21S3). ~ 7. An alcolnilic solution of phenyl 
hydra/ine rends thus; J li.CO.CJJ Hr i N.,H.,Hh 

J -- 1 IHr t JI.;0 + l*h,C IJ.N.Fh. The product 
form.s yellow nei-db’.s (fw.uii alcohol) [Id?-*]. It 
is very sohihle in ether, clilurofoi in. and CS,., 

less in alcohol or li'dit jielnili iun. It is de- 

composed hy acid.-! (d. Jlcd, A. 232, 231). 
a>-Di-bromo-arctoj)hcuono C, H.,.CO.t:ilHr.;. 

, [37']. J'repared byad<ling broniim* (2 mobs.) to 
; a cold scdiition of ac' lipjiheiioiic (1 mol.) in acetic 
; acid, warming to 65 ’-70°-, and pouring into 
w.’itcr; the yield is c. 80 p.c. of the theoretical 
(F.ngler a. Ilassenl.iiiiip, B. 18,2210; c/.llunniua, 
i B. 10, 2010; Fitlig a. Wuisler, A. l!'5, 161). 

! Broperlios. 'rrimdric tables (from t'S.,); 

j in.sol. water. Oxidi.^.ed by K.MnO,to b. n/oic acid. 

I Bitii fioiis. J. Alcoholic J\(»,\c foirns 

Ph.C().C'll(OAe)...- 2. Alcoholic Inidroxiihiminc 
forms phenyl glyoxim l’h.r(\<ilIi.(’ll(XOH) 
(152'].- 3. Hy trealiiient with MI, a, portion 
, breaks up into ben/:iniidi‘ and ('ll.Hiv. wliilst 
j Riiotf^er part yields i.-aiimlihuieine (’,,H|;N’..0. 

a. . TRI - B R OMO - ACETOPHENONE ^ o - CAR- 
! BOXYLIC ACID (’Hr,,.Ct>.CVll, C0..1I. [ICtrj. 

, From phthalyl-neelie acid and Hr, Resolved hy 
a'kalis into CllHr., and jihlhalic acid ((iabriel 
; A. Michael, B. 10, 1551, 2100 ; 11, 1007). 

I BROMO-ACETOTHIENONE r. Tiiiknyl 

lIUoMvt-MKTllVn KlIXoNK and Hllt'MO-lMlENyL 
! JIKTUYI. KKTeNK. 

HEXA-BEOMO-ACETYL-ACETONE v. He.xa. 

inu'Mo-ni-wnrnYJ, .vi.TiiM.KNK m-Ki re.NE. 

. BROMO-ACETYL-BENZENE is Huppmo-aceto. 

PIIENONK (p/.r.). 

BROMO-ACETYL BROMIDE CII Hr.CO.Br. 
(150"). S.G. 2-317. 

Fonnation. — l. From AcHr and Hr at 100° 
(dal, -1. 120, oA). -2. Ac'.h- and PHr^ at 

1^)0' (Suniosapb-kv, F. 6, 105). - 3. From 
AcCI(64 pis.) and^Jr (12(i pts.) at 100 (lliibner, 
-1. 121* 315; Naumanii, J. 12:», 257; Gal, if. 
132, 170).- -1. Hy direct combination of u-di- 
bromo etlulono 0Hr..;CII, with oxvgoii (Demole, 
C. B. 86, 512). 

Properties . — Piingp nt liquid ; bli.-lt'rs theskin. 
JReaelious. — 1. .\(p.a ous Na XT), forms sodium 
bromo-acetftte and .sodium glycollato. — 2. Dis- 
tillation with NaOAo produces Ac^O, bromo- 
ncctio anhydride and glycullide.— 3. ZnMe, 
givea u cempound whence water liberates 





Ai*1irone4M0tyl bromiia CHBr,.CO.Dr. 
(194®), From the preceding and Br at 150^ (0.). 
Formed also by the action of oxygen on fri- 
bromo-elhylene (P.). I'tuning liquid ; coii- 
vertf^l by alcohol into (li-bronia-;n‘.-iio « thor. 

Tri-bromo-acotyl bromide ( l)r..C().Hr. 
(•J20''''-‘J2.V’). From the pn c* .lin.: ami Fr at 
2<)0’ (G.). Slowly couwrti il by wiUt-r into tri- 
bromo acotic ai i.l, 

BBOMO-ACETYL CHLORIDE CH llr.COt'L 
S.O. - l‘t)F I'un.o'iit liquid, ju'olm rd bv iho 
action of I'Cl, on broniu-acotic acid (Wilde, J. 
132,171). 

BBOMO-ACETYL CYANIDE ( H Ilr.CG.CN'. 
(79®]. Forimtl, togctlicr willi (’ll ( N.CO.lJr by 
thn action of Ac('y on broiiuoaci t>l bnuniilc 
(Iliibnor, ,4. 1:11. CiNI. Mmi.. clinic tali!, il.'coui- 
poscil by \v:iti r int'i HCv a!:d (’ll l>r.('0 U. 

BROMO-ACETYLENE Cr.r;('H. F..nm .t I-y 
the f'ctimi of ab-oliolic KOll cn ('ll fu-.CFr, 
fllcboiil, -1. blj, on I'll ‘inir_. ( All \i'- 
jcJl, /. b, t’ll 1 1 , or on ('llHi :('lli'>r iSa\vit.‘.cb, .-I, 
119, iSd; I'ontainc, C\ T'l, l.Jtll ; Sabaiu'clT, 
hi. :2. 1.1, 21'.). 

I'o'p I f ii.'Oi. ■ Ac, tyl' lie heat*'.] 

witii NuGH un.l dilub' ;iu''i!u>l in an ajqi.uat'i-i 
filled with iiilrof'cn. Tin* gaa is comb;n.n,| by n 
frcc/in,.: nii\;urc (S.). 

i';'oo. j 7 ,. (las at orilinary IcmpcralurcK ; 
in. sol. water. In tlic liq'iid form it i- <|ccom- 
pO'cd by li,.'iit into f ri hroum b'-n.n Jc and 
other jiioducl.?. It tiiKc; jl)(< in mi ; wiicn 
.slowly nii'.cd wifli air bionio-a.*- lie acid in 
form'd. .Niiini'iniacal cuiiron-; chlor. dc gi\c-; 
A red 11 '. if c.-|.iois acet\lid,’. Hr foriii't 
Cllllr .Gib- . 

/?.BR0M0 ACETYL PROPIONIC ACID 
C,1I HiO, ( II, .(.:().( ’ll r.r.( II .CM )1. hr, »>!■>. 
h'VuHi' (id 1. oV.I ■ ('r_s talli.a d floia <’S . 

JuiriKnfi'.'n. 1. ily br.miinalion of a ra'Iijl' /U 
of /3-aC( tyl i i 'l'ioni'’ acid in rone. IICI I- ' .wO 
2. By t)i*i iK'ti' M of water u|>oa (a)-ati;.'.c i,'o. 
laclono ilibroijiidc (Wolif, ,1. 2‘J9, 2ti<) ; n, l»i- 
nRoMo.,,xv-\ u.r.ini; jo rn). 

hu^'fU rtic’i. Whit" m lalir.s (from CS ). So), 
alcolnd, I (her, and w.U, r. 

7.V f- - J5y the action of aqucou-, \a CO, 

it yii-ld.^ I'A V-ac I ] : ip'onic acid ami acd- 
ftcrylio ncid. I'-v hcatioi' w ith cone. a jucmi;,' Ml, 
at llO-^-rJd ' vii-mct’iivl Icetinc iMra nn tliyl- 
pyruzinc) f'-inu'd, with ■ volution of 

CO^. Witii aniline ii giv' s di-|>l:onyl t( tra- 
tofthyl-di-hy Jro iivin/.in,* C,Mo,N (Wollf, 

B. 20, r2.a}. 

Ethi/l i'thrr VAX'. (210 ). S.G. 1'' M.;'.*. 
From Hr and "tliyl /f-ac» iyl-j-ropinnalo ((’fcuad 
a. GuOi/eif, h. 17, 22'^oi. »■ .M.a!,-iiic ctlo r .and 
NaOFt cojU"rtit int" .molivl j.r.q4l lob.m tri- 
carboxylic cllicr (CO Fti Cil.t MAc.CJl.-CO, j:t 
(c. 28;r) s.G. i-o;t7. , 

Di-bromo*8-acctyl-propiojiic acid CjHJlrO^. 
rii5^!. .s. iliditlcs about 91 Fr>'in /l-ircctyi* 

ropionio acid, ciiloroform and Hr. From 
romo-R- ac( tyl - juojiionic acid ami bromine. 
Long thin n*«.d!*s (WoLfT, >4.229, 2<9*; Holla. 
Kehrer, h. 17, 19^^! ). 

Tri-bromo-^-aceiyl-propioriic acid C,]l . d .0,. 
(89®]. From j8-acctylpr"idonic add, Jir and 
chloroform iWolil, A. 229, 207). 


BlK>XOtp$eKdi9JlCBTTUTB10£ 9, Blioiio- 
fmrt-Mxmn kistonx. * ' 

BB0X0.A0STtI..lIRXA t>. Vhri, 

BROXO- ACIDS f. Baotfo. rovrouNM. 
BltOMO.MErA('ROUSlN{(yi,nrO),(V).f78®]. 
Avmlein takes up Br formitig di-bromo propionio 
uKlidivdi’, A liquid which pol\ menses, bia'oming a 
gUMiiiiy mass, which may al.so lie chtaiued by 
th" ac.ion of Br on im iaciai.h in. NiiOFl eon* 
tliis gummy mcM. ro!» in dilinunide into 
I'hmuo im 1 iicudein (tinmauv a. A hou. /?/, j2) 
.‘di, I.'di). Nfi-dlc.s (from .aholi..!-. Ita-i no smidi ; 
di'iS ruit reduce I’l lllin;,:';-; lellll. U. Wlielt dis- 
tiiled wiili H^.St), (1 V(*i.) dd q. 1 \\ii!i water (I 
\ol.) it gives oil cMr, imly )■l)l!;^ iit \apottr8 
which m.iy be comlen- i d i.i a liquid, sol. water, 
winch is jtrobably bromo aer.d, in. By In atiiig 
willi N'Ht)l!t it i.s ci'iiNi rtci iido OJI IhO., [ IB) ']. 

a-BROMO-ACRYLIC ACID (’,11, D O, 

CM d'Brd’O 11. ;7t) I’roin <ij er .nt di luoino- 
]pi qiionic acid and alcdi'dic l\Oll (riidippi a. 
Tolli MS, A. 171, .'bh'J ; ^\a.Mler a. rollens, .1, 
171, Frlenim \e'. h. I i. l.^o ). 

l'r<‘i . t iu .'i.- lici latigular nioiioclinie plates, 

V. sol. water and aieoiiol, Btvoiiii'o-i d liy dis* 
tilhilion (If exp«>Mir<- I'* liglil. t’l'inbjiies with 
JiDr loiinmg a.i-di lir.nno jnojiionie acid. 

.8;i!f-.- Ag.Y'. luq. C.i.t laq. — 

KA'. NaA'aq. MI, A'. /iiA'. 

7-;.';i;// . O’le; i:t\'. (c. Ie7 ). (77 •) at 39 

niiii. With rodium malonio ether it gi\es 
( 'O lii.t ( 1 ’ll l.(t|||('O.Ki),. idinlieal with llm 
e-nii|'ound fi-'in .i/J di - bioino |.i i.]M.Hiie cllief 
and di '-odinm-maloiiie i tln r (Mie!):iel, ,/. pr, [2] 

;{.7, l:U). 

/j-Bromo-acrylic acid ('lllh ,(‘ll (‘O.ll. ; 

I’riiin l.roinalide or fioiii In ehliU . I *iy!iden0 
liidii'ino Inetali’ by le In. lion witli /o ami HGI 
(Wailaeli, .1. 19.'), h'l). I’,inii< d a) >'• liv MlO 
addition of HHr to pnqiiolie acid (l.aiidrowi-ki, 
h. J.l, 27(»2; Slol/, h. J9. .OH). l‘lal.«,-s or 
III. ilea, sn], Witter and clilorofm in ; explodes 
on lii iiiiiig. 

Acryl colloids. Ties name is applii'd by 

W. 'tgm'r a. Toll,! • to line,; |.od:es having tho 

ctmipiisition (O.F bd-r. 

u-Acrjd i'til la fonm'd in llie pre- 

piir.'ttion of w liroiiio a<u vlit; acid fioin a/) di- 
iiiiitiio pro]. ionic a<ud, e: pi'Cially w hi u tin’ ilelifin 
lieiwii"'-! tioh'iit. JiiMil. wall r, alcohol, and 
etin r, .-ol. MljAq find not n pp'l. by IK'I. 

A - A cry I ~ col 1 '>i <l is forne d v> Inn tt)»rotno- 
aer-.Ie* ae-l^s 1, ft .>ver 11 SO,. It, is a jaiioua 
, ’ol. Ml,\.j iiinl repp-l. by 111'!. 

V .leej/i'-, o /;■/,/ is fonmd v.itli n jiamtion 
of by ii'atoig i-llivl i* luomu-aerylatu. 

.\iii.>i plioUiJ ; iii 'd. NJIj.kj, but harjti'inff 
g jiiii iv t;if i,-In. ' 

. Di-bioaio-acrylic acid ( i I lb .DBr.fJOjil, 

. .S. .O' 19 at l-s 

s r ,)U i.'di!. 1. From ..n icf) biomie acid and 

told l.'ar;. !a-w:i1i r f.Iacksoi. a. Iliii, /). 11,1073; 
.1".’.:’.. ill; -1, 1<'.9, 279; I'li! a. Andniwn, P. 
Je . .1. Bl, 192 ; 17, Db'd- 2. i ron) alcr>. 
liftin' K<iH and ye/)- Iri- broiiio ■ p: ' iconic acid 
iM.elia' l a. Noit n, Am. 2, B' ; >ianth/jer a, 
Simla, .S'./-. Ii. 27.'!; /•/, 1, 191). 3. From 

ft/d/l tn bn.ino-prffpioiiic aei l atid alcoholic Kf)H. 

J'ko,'. itu:-. i’'arly jdr.tes ilroin alcohol). 

S i!. ( ti.'f r and chifiioform, si. ko!. hen/.enn jind 
i t/H^ BoilijfgbaryU-watciIorm!bf,jjijo acetylene, > 



%ith Bt ia a sealed tube it 
bromo-propiojilo acid. 

Salts.— AgA' : slender needles.— PbA', aq : 
pearly plates, si. sol. cold water.-- BaA'^ aq.* 8. 
0*28 at 18 ^ — CaA'.^3a<] : long m-odlns. — KA'. * . 

. Li - bromo - acrylic 4icid CBr,;Cn.CO..H. | 
[80'^]. 8. 3 00 at 20 \ i’rom tri-bromo-sticciniC 
acid by heating with water (Fittig a. Petri, A. ■ 
Vj6, 70). Formed also by the union of Jtltr 
Vfitli broioo propiolic acid (Hill, JJ. 12, (iOO ; : 
Hill a. Mabeiy, /\ Am. A. 10, 211). I 

Projw/ie'i. TiiirjM! platcfi ; boils with partial ' 
decomposition a^2l3 -2o0°. V. c. sol. alcohol, : 
and ctln r; in. sol. cold water. Does not com- i 
bine with lll.r in the cold. Ibie.s rujt combine 
with Br in the cold, but at 100'^ it forms tetra- I 
bromo-propionic acid (Mabmy a. Itobinsori, Am. ' 
C. 20 1). j 

Halts. - IhiA', 2a«| : H. 12-01. - CaA'.. .‘I'aq. i 
Ethyl ether Kt.\'. (213 ‘). I 

Tri-bromo-acrylic acid (JPr.rCnr.COJI. | 
[118°]. 8. 1-.17 at 20 From tt/hl/^-tetra-brom^)- 
propionic acid ami alcoholic KOfI at 0O> 
(Mauthner a. Huida, M. 2, 100). Formed al.so 
. by treating bromo-piopjolic acid with bromine- ! 
W'ater (Hill, Am. 3, 17m) ; and from di-broino- j 
lodo-acrylic acid and Hr at lUO’ (Mab.^ry a. I 
Lloyd, Am. 4, 02). Monoclinic prism.s, a:b:c 
• -01)2:1: -.000 (Melville, P. Am. A, 17, 101). 
rnclinic pyr.unidn, a:t>:c l-l2s:l:Moo • a = 
80'’ 13', /] 02^ 20', y =01'^ 11' (|{eeko, Af. 2, ’ill). 

\. sol, alcohol and ether. Doc.s not combine 
with hrominc, even at •200'\ 'riie Ihi salt yichls 
tn-broMio <’( liyleoe when hoiled with wati-r. 

H.(ofBaA'..) ; 

80-G. CaA',, Oaq. AgA'. ' 

BEOMO.APIPIC ACID CJUlrO,. From' 
adipic acid and Hr (1 mol.) at 100 ' (dal a. d.iv- 
Lussao, (;. Ji. 70 , 1170 ). Durk-hrown ma^s. 
Pmelling like camphor; converted by boiling 
alkalis into adipotnalic (or oxva^ipi(%?) acid 
(v. p. 01). ' 

(a)-ili.!)romo.adipio acid C.,lLBr.O,. From 
adipic acid Hr (2 mobs.) at 100 ''((>. a. (b). ! 
Powder; decompo.-ad by water. Water at 1.50* 
forms adiiiotaitario (or di-o.xy adiiiic V) acid 
(v. p. 01). ^ 

(^) - di - bromo - adipic acid C H Hr .O 
fU6-122'’j. Formed togolber with" bi-oino- 
hydromuconic acid, l>y the action of Hr on a 
folution of hydroimiconic u^-id (Linipricht. A. 
Ibo, 2<.o). Nim dle.s. Converted b\^uT)i.A Ag.O ^ 

or baryta into di-o.xy-adipic acid. 

‘ • adipic acid C H Hr.O . ‘ 

(170 - P.iU-'j. b ormqil by adding Hr to a wa'na 
solution of hydrumuconio ntid in glacial HO.\c 

Jli.) Hinall nci'dlca, Coiiviiled by moist Ag.O 
lino imiconic acid, and by sodium-amalgaiu to 
hydroimiconic acid. 

Tri-bronio adijiicactd C..T[.Hr.,(),. (1770 180 '] 

lormed by treating a hot solution of hydro-* 
muconio aeid with e.xcesa of Hr (L.). Hmall 
DMdles. Cimvcrti’d by boiling baryta-water into 
iri-oxy-adipio acid. 

Tetra-bromo-adipio acid C,.H,Br,(\. (21 P"]. 
Formed by beating hydromiiconio ocid with Br 
and water at 100 \ Crystalline. Y. si. sol. 
water, v. sol. aleohol. \y 

^ BBOMO-JESCULETIN V. JiacuLJSTiN, p, 65. 


^^DI BBOBO-WAtm „. Di-BnoHo-unm. 

BROMO-ALLYL ACETATE CHBrOAfti* 
OIIBr:Cn.CJJ,O.Ac(7). (I640). ““a 
iToin bromo-allyl bromide (/S-epidibromhydrinl 
and alcoholic KOAc (Henry, h. ;5, 453) j Va* 
grant liquid ; not attacked by PCI li W 
«-BR0M0-ALLYL ALCOHOL C,H HrO L 
CIL;CHr.pi,On (1.52 ). From a-hromo-aliyi 
bromide (a-epidibromhydrin) and water at 130'> 
(Henry, {b H, 403). Liquid; converted by 
aqueou.s KOH into propargyl alcolml. ^ 

^-Bromo-allyl alcohol CHHriCH.CH.OH/'?) 
(1.5.5^). 8.G PG._ From ^-bromo-allyl acotato 
{v. sup.) by distillation with solid NaOlI (Henry 
U. h, 1.53). Is perliaps identical with the nrt’ 
eliding. ^ 

,0 “'^“““O-W At-lYL-AMINE C.II.Br,N i.e. 
(0.,H ]}r)_.Ml. Irom 5-tri-bromo propano (tri- 
bronihydrin) and alcoholic NH., at 100 (Max- 
well Simpson, P. AL [i] HJ. 257). Al.so from 
lironio allyl bromide and alcoholic NH, (iicboul 
A. Supjil. 1, 232). Alkaline liquid, v. si. sol.^ 
water. Converted by alcoholic Ml, at 250^'' into 
methyl-pyridinc. - B'.,H.,PtCl,.--H'] f-'CI . 

BROMO-ALLYL BROMIDE v. Di-uuomo- 

pnopYT.MM:. 

BROMO-ALLYLENE v. PaorAiioYL nnoMioB. 
Bronio-diallyleno v. Hnxo.wL I’.r.oMiDic. 
BROMO-ALLYL ETHYL OXIDE t>. Exuyl 

imOMn-ALLYn OXlDK. 

BROMO-ALLYL NITRATE 

CHHriCH.CH ,.O.X(L (.>). (MO^’ 150 ’). S.G. 
l-->. From /3-bronio-allyl hroiiiide and AgNO, 
(Henry, /b 5, 452). 

BROMO-ALLYL OXIDE C H Br,,0 ie 

Promo-a/.by/ I'ihcr. (c. 
21i«). S.(r. 1'- 1’7. Furimul togetlu r witli prop- 
argyl alcohol from /S-hronio-all yl alcohol and 
solid KOH (Henry, li. 6, 720). 

BROMO-ALLYL THIO-CARBIMIDE 
C.,H,Hr.V.C,S. (c. 200'’). From bromo-allvl 
bromuln and alcoholic pota'.slum sulpho- 
eyani.h' (Hi'nry, U. 5, 188). 

BROMO-ALLYL-THIO-UREA 
(C,H,Hr)NH.CS.Nir.. [IIPJ. From tha pro- 
; ceding and ammonia (!{.). 

TRI-BROMO-ALOlN r. Ar.nV.s-, p. 141 
BROMO-AMIDO-ACETOPHENONE 
;^-^»:2:ljCJI,Hr(NH,).CO.CH,. 

Acetyl derivative 

I C„H,Hr(NHAc).CO.CH,. [iCO^j. Obtainud by 
I brommatioii of acotyl-o-ami.lo-ncctophenono in 
' acetic acid solution (Haiycr a. Jilof in, B. 17, 
005). Slender Ldtod ^robjuVless needles, sol. hot, 
,^r 1. sol. cold, a';cohol ; v. sF. sol. cold water. By 
KMnO, it is oci.liso.l to bromo-isatin (255®]. 
Ly bailing with KOH it yields bromo-indigo. 

u'u.m.Tri.bromo-()-ar.iido-acctophenone (6:2:11 
C„H,Hr(NH.).C().CllBr^. [c. 115 ]. Fine felted 
orange yellow needles. V. sol. alcohol and ether, 
b 1. sol water. Obtained by saponification of th« 
acetyl derivative by boiling it with a mixtors of 
aleob.ol and aqueous ilBr. 

Acetyl derivative 

C,n,Hr(NriAc).CO.CHBra; 1^05% ycUowlah 
gr.rnulur crystals, v. sol. ohloroform, |] loL 



s«»o.Aiin^ SDuaceno 


hif ^ U/ilM «l biWlM 
t»pcriir on 4 r]r iM^!<o 4 ua!iMo*io«ioph 0 Qoii« 
mixed irith A little iodi^ By boiling with Hd 
it yiekte •^>di*ohIofo*fii«bromo' 0 >&mido*Aootophe* 
none. By KMnO, it is oxidised to bromodsatin. 
By boiling with dilute NaOH and exposure to 
the tur it gives bromodndigo (Harver a. Blocm, fl. 
17 900). 

’di-Bromo-amidoanthraquinonk 

CwHjBr (NH )0 . [170^ uticorr.]. Propannl by 

reauctiou of dihroMio-nitro-aullirfuinio.ino with 
stannous chloride (Claus a. l)i«Tiif.'lim'r, fi. 14, 
1334). Slender red needles. Si. sol. all solvents. 
Has no basic properties. 

BROMO-AMIDO-BENZENE v. Bhom.-am. 

LINX. 

(1, 2, 4)-BR0M0.AMID0-BENZENE SUL. 
PHONIC ACID C. HJh-NSO, i.e. 
C,H,Br{NIf,)SO,II [l/i.r. sul 

phonh: odd. S. MU at 11“ (S.) ; 2 01 at 20’ 
(A.); 1-Ml at V (M.i. 

Fnnn ition. - 1. liy reduction of(l, 2, 4)-bro. 
mo.nitro benzene sulphonio aeid ((io'^’ich, .4. 
180, KK)).- 2. I5y su'i'!,. 'nation of o-broiuo ani- 
lino (.\ndre\v.s, l.i, 2121 ')). Fruiu br>nju>. 
benzene ;j-su1j l.cnio aeid by nitration and tn- 
duotioii. • 4. I'roin very dilute a<jUo«)ua aniido* 
benzene ?a-suli)]ion!e arid and bruMiin<;.\\at«r 
(Iiafi.;furtli, .1. I'.tl, T). From (l,n, 4.0) di- 

broni<>-ni>ainidodit nvi iM* Ru’phonie aeid, (:uni!if; 
llCl.and r» d i' at l.a) ' (Limprieht, li. 1(», I'lio). . 
6. By boating the ,' am'' acid w .'.h water at 200 ' 

(L.). 

Pro/'iU * Anliydrous iicediis (from cono. | 
aqnofuis •.ulution) orb»ur- an 1 siv-sid* <1 columns | 
contaitii.^' ag (frnin dilute f')iutiou). SI. koI. ' 
alcohol, it' .liiecl liy HI an-l T, or by water at , 
120^, to (iiiiido-in‘!i:j ne fu-sulphunic acid. ! 

Salt - K V'l.'. aq (Ha.). --KA'aii |Spii ;;elberg, 
A. Ilt7,2.';7j. - liaA>q. -BaA'..:5aq. S.(ofi5:,A'J 
6'22 at l7’. - rbA',. ■ CaA', 2«'i'i. -Ai'A' l uni- | 

(1, 4, ;t|-Bromo.amido.ben*ene sulphouic i :id ^ 
OJI,lJr(Mr,)SOJI ■ 1:4:3]. S. '47 at 15 \ ! 

.Fill in iti m.- l. My heating /)-brotno unilino 
ctliyl-sulphate (NuUing, fi. 8, 10'.t'»).--2. My j 
adding brnmino to a cold nquoMUs soJutiun nf i 
barium aniline .? •.ulphonatc ( I.ijnpi iclit, .1. )Sl, j 
lyC).— 3. By nitialion .ind reibictiun of bn-mo* | 
benzene ?;i-Huliihonie acid (Thomas, A. iH'i, i 

4. From aretyl-y^-bromo-anilitio ami fuming : 
H,SO, (Borns, 1?^7, 308). | 

ProptTf:e.'ii.-“iS!endi r silky needles (contain* ’ 

Ing aq) or largo etilore:^ront prisms (with 2aq). ‘ 
SI. Kol. cold water, V. si. sol. alcohol. Onv. rb I 
by Br into tri-br'Uiio-anilino. HI and 1' form ; 
aniline o-sulphonic acid. ' 

Salts, NH.A'.-KA'.--BaA>q. CiA'.aq. 
~PbA',2aq. 

(l,4,2).Bromo.amido.*./enzcne sulphonic acid 
0,H,Br(NU,)S0,H:14:2:. 8.114^118 . From^ 
bromo-bonzeno o-sulnlionic n<#l by nitration 
and reduction (Mahlmann, A. 181, 2 u 3 ;*jsr,, 
818). Noodles (from cone, atiueous solution;-) 
or rhombohedra( ’) containing 2aq (from ilii ite 
aqueous solution) ; v. sol, hot water, insed. alco- 
hol and ether. Ileduccd by HI and P to aniline ' 
m-fulphonic acid. Salts. -BaA'22aq; needles, 
f. a. toL water. -PbAV“AgA'. 

BromO'amido.benzene salphonio aeid 
CVB,Br(NH,)(SO,H) [l:x:2]. 8. '74 at 8®. 

: iformed in amall^ quantity in the preparation 

rou L 


o< ^ (B.)* Mnttit it 

watar.— BaA'.mHi : lamiiiM, ?. kU. 

Bioaio«aaudo-Waaaa inlphoaio aolA 
j 0 ABr(NEg(SO,H) (1:3: *J. From acetyl fi». 

! broiho-aniline and fuming (Boma^dB. 8^ 

. 1072). Needles.— BaA'j 2a‘l. 

(l,2,.3,5).Bromo.aini‘do. benzene diaulphoaU 
add C.H,Br{NH;)(SOjn, [l:2:3:5i. Formed 
by bruinination of (1,2,4) umido benzene diaul- 
piufnic acid (Zander, A. 138, 1). Nt'edlea (oott* 

I t.aining a(|) ; v. sol. water, si. sol. al 
I Salts. — The acid salts are les.s soluhid than 

i the normal ones. -(NH,),..\"2aii. Ma.\"3aq.— 

j BhH .A'^baq. PbHA"5ai| K,A"2aq. 

! Bromo-azuido-benzene disulphonic acid 

' C,H,!!iqNlU(SOJI), (1;4:3:5] or(4:l:8:«] 

I or Formed by ad<lin,q brnmino to an 

! nqu« ous solution of (1 or 4, 3, 5) amido benzene 
i disulphonic acid (Hein.'i lmann, .4. 1H8, 179), 
Pri.^ins (cont.iining 2j!iii) ; v. e. S(d. walor,.'- 
l>aA".‘<aq. l‘bA"3a<i. 

! Bromo-di-amido-bcnzene lulphonio acid 

I 1 S<)Ji;i:2:0: ll. P/omo-m /dnmi/f. 

' etu'-J:<iiuitin fuljdionic ocuL S. *51 at 17“. 
(tut by retlueiiig 0„Mr,(N(» ) SOJI with HnCI, 
(Ji.'is.mminn, A. I'.tl, 2J4). l<ong white iiee«llp| 
(eoutaming aq), turtis ycllnw in air. When 
]*ure it i.s .'•1. :<tl. wafer, wla-Ji imptito it is very 
soluble, InwI. alcohol. I’apei* moi^limed with 
its S'.)lulio:i tuni.s red in air. Tho aqueous 
. Solutions of its salts turn hlim or red when 
i ©vaperati 'I. Converted hy diazo- reaction into 
■ p-broiiu) bell/, lie sulpboiiie acid. -■ BaA , aq. 

(1,3, 2, 5) Di-bromo-amido-bonzone BUlphonlo 
acid CJl,Mr,(NH..)(S(>,H) [1:8:2:5]. Formed 
by adding broniino to an aqueous solution of 
anilituj p sulplumio acid (Schmitt, .4. 12(1, 138; 
Hen/, li. 8, luiid ; A. iHl, 24). Formod also hy 
brominatifig (l,2,4,)-amido-beTizenfl disulphonio 
nci 1 (ZaHiler, ,1. 128. 10). Needhs or prisma 
(containing 2a<i) ; v. sol. water and hot alooljol ; 

by one II SO, from its aqueoiu solution. 

Jtr f-inrs tri bnmm atiilino. MaA'.j 2aq.-~- 
BaA'.^3(.a«j. 8. (of MaA '.) *11) at IF’. PbA'/iaq. 
-^Ai'A'.* 

Il.'octi 'n'.. Id'h forms a product, (probably 
C, H.Mr (NH.P()C1..)S() Cl) from which alcohol 
produces CJl,MrJs(>,CI)NH.PO(()Kt),. [170'’] 
(I.juir, J. ;//*. *1'2H, 250). V, also m mutiiyi*. 
AMiO ' in.s/rNic KrunuioNic acid. 

(I,3.4,0j-Di'bromo>amido.benzcne lulphottle 
acid C.HJ'.r (NH.).S(>,n [1:3:1:01. 8. *262 at 
10 q ‘iprat l '\ *121 at 4” (Mcrnd.sen, A. 177, 

81; Bfckurts, A. IHl, 213; Beinke, A. 180,280; 
Knuth, A. IHO, 301; Faiigfurth, A. 121, 180; 

Ma‘ inaun, A. 191, 229, 238; SiuCgelborg, A» 

127. ■; Oi. 

F'jrirMtiim.—l. From amido-’ en/eno m sul- 
phoiiic acid and bronhne, — 2. From (I, 2, 4)- 
lu'omo amido benzene suljilionic acid and Br.~- 
.3. From the correspondinji, ( Jl MrJNO.JSOjII.— 

4. From (l,3,.5,2,0)-lribr(»rno-nitro-benzeno »lil« 
pimnif! acid, Sn, and HCl. 5. From tribromo* 
amido benzene sulphonio acid by treating with 
water at 150 or by treating with 8n and HOI. 

Propcr/irs.— Needles (from hot water) ; fll, 
sol. water, in“ol. alcohol. 

IFnfcr at 250^ forms o-bromo* ' 
aniline sulphonic acid and aniline m-sulphonio 
acid.— 2. Dutio- rendion gives (l,3,4).di.broiao* 
benzene sulphonic acid. — 8. Warmed with 

NN 





itTong flloohol and KKO, a y^ow orystalline 

U lotmed. Heated in tubes i^^alcohol! 

* %xv^ wccvvdo - dvbtomo -bonzene Buipbomo acid 
ija’ifeBmaTin'). 

R alia. - BaV, 6aq. 8. (of BaA'^) 2-09 at 1 ° ; 
8-12 at r\ 3*9 at 23® -KA'aq.-NH.A'.- 
CaA'., 2nq.— CaAV 5aq.— PbA'.„ S. 2-9 at 22/)^ 

( l,2,4,r>)-Di-bromo-amido-bcnzene sulphonic 
acid CJl,Br,(NII,)(SO,H) (l:2:4:5j. 8. •]09 at 
10®; *163 at 21®. Kroin (l,2,4)-<ii-l)romo-b«n- 
zono 8iil()lionio^cid by nilratioii and reduction 
(Spiegelberfj, A. 197, 279). Triiuctric tables; 
V. r 1. Bol, alcohol.— NHjA' aq. - K A' 2aq. -- 
BaA', aq: S. (of JhiA'J *07 at 11®. - rbA'.iiq : 8. 
(of PbA',) *11 at 11®. -CaA'._,3aq.- CaA'^ 4aq. — 
AgA'. 8. -OfiSatir. 

(l,3,4,r))-Di-bronio-amido>benzcn6 aulphonic 
acid C.H,Hr,(NII,)(K(),,lI) [l:.‘};4:.'i). 8.313 at 
10*5®. From aniido-bcri/.cne o-siilphonic acid 
by broiiiinfilion (liimpricht, A. 181, 198; IJ.H, 
1429), or from (I,3,f»)-di-bromo-bciizeno stil- 
phonic a<‘.id by nitration and reduction (Lenz, 
A. 181, 3(i). 'I’rirnetrio taldo-s (anliydr<iu.s) or 
4*.s[d<id pri.sniH (with aq). Converted by Brinto 
tri-l>rotno-anilino. 

Raltfl. KA'aq.— NaA'aq. 8. (of NaA') 3*7 
at 12”.~-BaA'j Haq. 8. (of JhiA'.J *20111 11®.— 
I’bA'.^ aq. 

Di-bromo-amido-benzone sulphonic acid 
C,H,Ilr,(NlI,,)(S(),lI) [1;1:2?:()]. 8. -(Vi at 10-.5®. 
From (i,4,2)*di-broino-bcn/,enn Hulph(niic lu'id 
by nitration and rednetion (llornM, A. 187, 3112). 
Needles or prisms.- KA', — llaA'-aip 

Di>bronio*amldo-bonzouo disulpUonio acid 
C,H8r,{NII,)(HO,H)., fl;l;3?;2;(l?]. From p-di- 
bromo benzene disulphonic.iKud by nitration and 
rcdiielion (iJorns, ^4. 187, 3(17). Crystals; v. 
Bol. water. K^A". - BaA". 

Dl-bromo-amido-benzouo di-sulplionic acid 
GJIHr,(Nn,)(80.1l),. (1: lord :it:3:r/,. From 

(1,2, 4)-uuiido. benzene disulphonie aei.l and Br 
(lioinzelniann, A, IHS, 183). I’ri uos (<-ontain- 
ing 4a(i); v. sol water. (NIl^l^.A". - K^..\".~ 
BaA"8nq. rb.\"3;i({, 

Bi-brouio rti-ninulo-bonzone sulphonic acid 
0,Iinr,;(Nll.).8OJ I ( l;3;2;(l:l]. One of the pro- 
ducts of tiio rednetion of C,Br.,(N 11 .);80,11 
(Biissmami, A. 191,214,218). Tablets (contain- 
ing aq), V. si sol water. 

Tri-broiuo iimido benzoMO 8 uluh 4 >nic acid 
CJlBrdMI.hStyi, [l;3:C;4:0j. 8. 13*7 at 14®. 
m\ at 7 ' (II). 

Fonnation.—l. From amido-benzene m-sul- 
dtoiiie aeid and Br^(Berndson, A. 177, tStll 2. 
•'rom the corresponding irttro- acid, by Sn and 
llCl, some di bvomo amido-benzeno snlpbonic 
aeid being also forimul (Uoneke, A, 282; 
Kmitb, A. 1811, 298; ,>.angfuvth, A. 191, 19,8).—. 
8. From (l,2,4)-bromo-amido beu/.oiK* sulphonic 
Rcid by brotnimUion (Spiegel berg, .4, 197, 276). 

Profu rtii's. - Tliin needlc.s (containing aq). 
Sol. cold water and nleohol. Heated with water 
at 116® it bcoome.H C*lIJ.lrANH.)80,ll, 

Salta. - BaA'a 9aq. 8. (dry). *43 at 7® (Tj.), 
‘34 at 3® (Biissmann, .4. 191, 221). — KA' aq. *936 
at 4® (B.).-PbA',9aq. 8. (of BbA'.,) *73 at 141 
Tri-bromo-amido-benzene sulphonic acid 
C,llBr,(NH .)(SO,n) [1;2:3;4:5]. From (1, 2. 3. 6). 
Ut bromo-benzeno sulphouic acid by uitratiou 


and feduotion ( 116112 ,^. 181 , 48). XofisolalMt 

der needles (containing aq), y. sol. water and 98 
p.o. alcohol.— BaA', 1 Jaq. 

Tri.bromo-amido-bexucene talphonle aeid 
C,HBr,(NH,)(SO,H) [l:2:6:Gi4]. From the cor- 
responding nitro- acid (Spiegelberg, A, 197, 288). 
Long prisms (containing liaq) or slender 
needles (with aq). V. sol. water and alcohol.— 
KA'aq. 8. (of KA') 2 09 at 1®.-NH,A'.- 
CaA',3Uq.— BaA'.,. S. *090 at 1®.— PbA', 2aq. 
8. *40 at 3-5®.-AgA' Aaq. S. (of AgA') -46 at 10®. 

Tri-bromo-di-ami^o-benzene sulphonic acid 
CJ?r,(NIL),SO,H [l:.'l:6:2:4;li]. A product of 
rofluction of CJlrdXOJ.SOjH (Biissmann, A. 
191, 2l9).-BaA',,l>q. 

Tetra-bromo-amldo-benzene sulphonic aeid 
C,Br,(Nll,)SO,H. [l:2:3:5:4:(i]. 8. 2*25 at 11® 
(Beekurts, A. 181, 223). Got by reducing 
C.Br,(NO )SO;,II with 8n and IICl, not allowing 
: thfj tempi raturo to rise to 100®, or Br. will be 
, di.'i>laced hy H.„ N< edles (containing 2aq). V. 
sol alcohol ami watf^r. 

i 8al ts. -(Langfiirth, A. 191, 204) BaA',aq. 
is. (of IliA'..) *4 at Id CaA', 7aq, KA' l^aq. 
8. (of KA') 1*71 at 16®. 

Tetra-bromo-amido-benzene sulphonic acid 
i O.P.r,(Nll,)(8t),ll) [l:2:3:4:r>:ti]. 8. -03 at 11®. 

. From the nitro acid (Spicgellierg, .1. 197, 302). 

‘ Needle,s (containing *Jaq). V. sol nlcoliol. — 
KA'jiq. 8. (of KA') *101) at 11 . -CaA'., 2aq. 8. 
(of CaA',,) *107 at 11*5®.— BaA'.aq. 8. \ol BaA',) 
*016.6 at 11*6 ”, 

(«) - BROMO - 0 - AMIDO - BENZOIC ACID 

CJl ,Br(NlI ,)CO,Il fl:2;3]. Bromo-anthranilic 
acid. [170 J. From the oorrosponding nitro- 
compouml hy Stiand IK^l (Iliibner, A. 222, 104; 
cj. /I. 113, 211; 149, 134). Needles; m. Bol. 
water. Bodiuni ani.ilgam reduces it to o-aniido- 
henzoicaoidfl 14 j. Nitrous tieidfonns thediazo* 
derivative C„ll,r.rC().Jl.N.,..\ Il.CJLBrCO.H.— 
Sibils.- ;\|'A'. lliA'.aq.” CuA'.- 
A ccti/1 dcri vat ivc. 

CJLBr[NllAc)^CO.ll) il?;2:3j? [215®]. Obtained 
: by bnuninating ueetyl-o-amiilo-bcnzoic acid 
: (.)md<suu, B. 14, 879). 

i (/4).Bronio-(>.ami{lo-bonzoic acid. Bromo-an- 
thraniluuuid. C„Il,l’)r(NH.,)CO,ll [1:4:3]. [208®]. 

FonUidion.—l. By reducing (1, 4, 3)-bromo- 
nitro-bonzoio .acid (llul)ner, Ohly a. 19iilipp, ^4. 
143, 212; Meeker, llubiier a. Potonnann, A, 
149, 133). 2. By boiling bromo-i.satoio acid 
with eune. IICI (l)orseli, j. j>r. [2] 33, 36). 

iVo/-. /g;.'-;. -V. sol acetone, sol. alcohol, 
ether, ehloroform, benzene, and glacial acetic 
acid. si. sol. boiling water. Bodiurn-araalgam 
I reduces it to o-nmido-benzoic acid [144®]. 

I Balts. — ]>aA'..4aq: noedhs, v. sol water. 

I Afuidc. C,H;,BrtNIl )CO.NH... [177®]. From 

bromo-iaatoic acid and Nil. Aq. Flat needles. V. 
Rol. alcohol, acetone and glacial acetic acid, nu 
eol, water and benzene. Insol ether. 

I (l,2,4)*Broino'?a>anudo>benzoic acid 

I C,ILBr{Nir,)CO JI [1 : 2 : 4]. [225®]. By le- 

duoing the nitro- acid by 8n and IICI. Small 
i cnloinless needles (from water), becomes reddish 
I in air (Hubner, A. 222, 179; Burghard, B, 8, 
■ 668 ; Bavcill, B. 10, 1707). Kcduced by sodium. 
, amalgam to m-amido-benzoio acid.—HA'HCU—. 
CuA',.-PbA'.,. 

i (l,S,5).Bromo-m>amido.benzoio acid 

; C,H,Bi(NiyCO,H [1:3:6]. [216®]. Fromtht 



BKOMO-A]mi)(Ha)-NAPHTHOQUmOKMM 


W 


coneipoadiiu nitro* add hj Sn and Hd (Hese- 
mann a. K5hrer,il.223, 169). Needles (from alco- 
hol). Turns red in light. S a 1 ts HA'HOl,— 
(HAOjHjSO^.— B aA', laq.—CaA', 5Jaq. 

Jl,4,2)-Bromo.m-amido-benzoio ‘acid 
C^,Br(NH,)CO*H [1:4:2], [180®]. From 

(lv4,2)-bromo-nitro-benzoic acid, Sn, and glacial 
HOAe (Burghard, JB. 8, SCO). Flat needles (Suiith, 

B. 10, 1700). 

(l,2,4,5)-Di-bromo-o-amido-benzoic acid 

C, H,Br,{NH,).CO,H [1: 2or0 :5:4]. m brorno^ 
'anthranilic acid. [220 '-228"’]. 

Fomiatioyi.—l. From di-bromo-nitro-bciizoic 
acid (Smith, B. 10, 1700). --2. From o-nitro- 
toluene and brojnine at 170° (Wnchendorff, .1. 
186,281; GriolT, B. I'l, 288).— 3. From isiitoio 
acid (q. r.) and bromine {l)or^;(•h, J. pr. [2] .33, 37). 

Properties . — Clumps of needhs (from alco- 
hol). Long noe<llcs (when sublimed). Sol.ah’.dud, 
ocotone and glacial acetic acid, si. sol. chloro- 
,fonn, benzene, ether, and water. 

Amide C,H,Hr,(NH dCO.NII,. [107°]. 
Pearly tablets (from alcohol-nci tonc). F»u tncd 
from (li-bromo-isatoic acid and Nlia.Aq at lUO . 

Oi-bromo-o amido-bcnzoic acid > 

CrtH..Br,(Nll ,U'0 11 OorO :.r 1]? JH-hromn. I 
auttiranUk acid. 226'']. .S, 1 ; S. (alcohol) ' 

2. From the nitro- acid by rcd\icliun (lliihncr, • 
A. 222, 180). Colourless needles, Kcduced by 
godium ainalj-'am to o-amido-heiizoio acid. - I 
BaA'j-laq. — CaA',4',ati. — Sr.V,2rt.i. — CuA',. { 
This acid is piuhably identical with tlic pre- ; 
ceding. | 

(1.3,4,r>).Di-bromo«o-ftinido-benzoic acid 
C,ll.,I3r..(Nli.)CO,,H (1:3:4 rT)]. Dibrnwa-an^ i 
ihranUic acid. [225°]. S. 1 ; S. (llOAe) 3. ; 
By reduction of the nitro- acid by Sn and 11 Cl ; 
(Hesemann a. Kohler, A. 222, ITd). Kedtiecd ; 
by sodium umalgani to o-amido-hcn/.oic acid. ' 
Needles (from alcohol),— IJa AVI a<[. Ca.V.-lai]. ! 
— Cu.V,^. j 

(l,3,5,4)-Di-bromo-o-amido-benzoic acid j 
C„H.Br.^(NH;)(CO.jIi). l)i ■ bromo - antiiranilic 
acid. [Ihh j. From benzoic acid by bromina- ' 
lion, nitration, and reduction (Angersttu'n, A. 
158, 1()). Needles (from dilute alcohol). Jiednced | 
by sodium-amalgam to o-ainido-henzoic acid. 

Di-bromo-;;-amidO'benzoic acid I 

CJI, Br,(NHj)CO, 11 [1:3:2: 5j. Obtained by' 
adding bromine-water to an aci'lifiod solution of 
p-amido-benzuic acid (Hcilslein a. G(>ilner, Z. 
[2] 1, 505 ; .4. 1 39, 1). Needles (from alcohol). - j 
Nil, A' 2a(i,~Na.-V' o.'u]. - Ca A, Oaq. I3n.Vj 4aq, j 
Tri-bromO'O-amido -benzoic acid j 

C,HBr,(NlL)CO,U [1 : 2 : x : 4 : 5].. Tri-howo- l 

anthranilic acid. [c.ll9°]. From isatoic acid 
and bromine (Dorsch, J.pr. [2] 33, 37). i 

iVopc;7jc5.— Slender n 'dlcR. May be sub- ' 
limed. Very soluble in glacial ^ici;tic arid, 
alcohol and acetone, sol, etlier a#id ehloioform, j 


A. 154, S32). Long aeedloi (from diluio iloo* 
hoi). SI. sol. cold vater.— AgA'. 

Tetra-bromo-o-amido-bencoio aold 
q;Bi'tNH,)CO;iI[l:2:3:4:6;6], [116®]. From 
isatoic acid and excess of Br (in glacial acetic 
ocid) (Dorsch, J. pr. [2] 33, 38). ^Vhito needles. 
At 100° it sublimes in long .slender needles. 

BROMO-AMIDO-HYDROCARBOSTYRIL t>. 

p. Wl. 

BROMO-AHIDO-HYDHOCINNAMIC ACID 

l». BnoMO-AMinO-)8-niKNYf.-rT:Ol'leMC AC11>. 

BROMO AMIDO NAPHTHALENB t-. n«ouo. 

NArUTnYLAMINH. 

BROMO-AMIDO-NAPHTHOIC ANHYDRIDE 


C„ILONBr U. 



Bromomph- 


ihosttjril [257°]. By reduction of bromo-nitro- 
(a).na|dithoic acid with FeSO, and aqueous Nil, 
otid p]in. with acetic acid the aniido- acid is 
obtained, and by boiling with alcohol it is con- 
\< rted into t)ie anhydride, wliich crystallises out 
oil cooling in brown needles (Fkstrand, li. 19, 
11.30). 

Di-brouio-aiuido-imphthoio anhydride 
CO 

0,oII,Br.^ 1 . Di-broino^naphthosfyril. [270'’]. 
* \NH 

rie])nrc(l by heating amido-naphthoio anhydride 
.CO 

I Huspeudod in water with a large 

\nh 

excess of bromine. Yidlow needles (from alcoliol). 
M. sol. hot acetic aei«l. 

Acetyl derivative C,|II,ONl)r.,Ac [185'’] ; 
small vell'uv noodles (Khstrand, It. It), li:{i’i). 
BrvOMO-AMlDO-(c).NAPHTHOQUINONE 

Formeil by boiling 

bromo umido-(tt)-naiihtho<juinone imidrt 
,CO- C(NU.,) 

0,11, ^ 




l! 


with dihito acidf. Orange 


silky needles. Snbliuinhlr. By boiling with 
dilute alkalis it is converted into brorao-oxy-(o). 
ii!i])hthtjr|uinone. » 

Ac ft It', •^rrivniivex [l'>7°]; snljrhnr- 
yeJlow jK'cdles (ydneko a, Gorland, It. 20, 1.514}. 
BROMO - AMIDO - (o) - NAPHTHOQUINONE - 


IMIDE €,H,< 


-CO CiNllJ 
I' 


[200 J. f>htained 


less soluble in benzene, si. sol. hot water. 

Tri-bromo 7/1 amido-benzoie acid j 

C*HBr,(N H,)CO J1 [ i : 3 . 5 : 4 : G]. [1 70°]. From ' 
m-amido-benzoic acid and bromine-water (Beil- : 
atein a. Geitner, [2] 1, 505; A. 139, G; Veil- I 
brecht, B. 10, 1708). Needles; m. sol hot 
water. On dry distillation it gives tri-bromo- 
aniline.— NaA' 4aq.— BaA'. Gaq. 

Tri-bromo-dl-amido-benzoio acid 
C^r,(NH,),(CO^) [1 : 3 : 5 ; 2 : 4 : 6]. From x -di- ! 
amidi^bmoie acid and bromine-water (Griess, | 


C(NH).CBr 

by adding bromirrf (5 c.c.) to di-ami<lo-(o).nn|>h- 
thol or it.' stanno chloride (lO g.) Ruspenderl in 
Kcetic acid. Orange yfllov leedh'S (from alco- 
liol). V. .sol. liot alcoliol and hot benzene. By 
SnC],j it i.s reduec<l (o bronio di ainido-(a)-naph» 
Ihol. By boiling with dilute acids it is con- 
veited into bi(jnioumido-(o)-nuij))thoquinone 
,CO.C(NlI,) 






!! 


. By boiling with dilute NaOH 


'\cO.CBr 

it is converted intr* bromo oxy napbthoquinons* 
.CO - CqUll) 

iraide CJl^ ;| • The latter body 

^C(Nn).CBr 



yim \mfei ’rtiili coilfi. HCl alootoHo SaOH pa®]. itAmidbiphea^i&t (lOg.), 

\i Qon^etUd into bioino*oxy*n&plitlio<][tiinond boUMwithglMi6lflcdtioioid(iOOg.)andDr6]mi] 

^ „ ✓OO.CIOB V . 1 A (11*7 8-)* The product is poured into water an 

0 ,H 4 <^qq formed by boil- separates is distilled with steam an 

Ina the bromo-amido-naphthoquinone with dilute recrystallised from alcohol. Glittering prisms 
alkalis (Zinckc a. Gerland, B. 20, 1510). grouped in tufts. Besembles di-brorao.o.tplui 

BROMO-o-AMIDO-PHENOL dine in being but feebly basic (Mohlau a. Oehmi 

aH,llr(NlL)(0Hj [1::{:IJ. [12S^]. Formed by chen./. ;)r. 132, 470). 
reducing bromo-nitro-pin nol with Sn ambllCl Di-bromo-w-amido-phenol. 

{F, Schiitt, ;)r. {21 .T>, 01). Thin plates (from Ethyl ether C,H,Br,(NH,)OEt. From 

Cfi ). Nw'dh'H (frcim alcohol). Sol. ether, benz- the nitro- compound. Oil. The hydrochloride, 
ene hot water, and hot chloroform. Fe-^Cl, sulphate, and oxalate crystallise in needles.— 
turns the uqu.^iua solution cherry-red. C„Il,13r,(OKt)NH„HCl,SnCl, : glistening plates 

Halts. — liTiCl^ Very soluble ])lale.s.— (Lindner, H. 18, 613). 

BTillr^. CrYstallises very e.isily. — JiULSO,. Di-bromo-p-amido-pbenol. 

Acetyl derivative C, n,(oII)(NilAc)Br. Cjr.l3r.(NIL)OH [1:3;6:2]. [180°] (M. a. B.) t 
[178 1. Plates or needles (from water). [lOO'^’J (L. a. G.). Formed by reducing the 


Methyl ether CJLUr(NlL)(OMe).^ [1)8^]. 
From Ihe nitro- compound, Sn andnCIl(Staedcl, 


nitro- compound (Mohlau, B. 16, 2845 ; Hdlz, 
J. pr. [2] 32. 67 ; Mohlau a. Bohmer, J. pr. [2] 


i. 217, 50). Platr a (from benzene). V. aol. 21, 470; Lollmann a. Grothmann, B. 17, 2781), 


bonzeno, ether or liot alcohol, insol. water. 
Salts.- ini(3.-B',I l.,SO,. BVLC/),. 


Ethyl ether |57-^J. Broad needles (from 132,460): 


Formed also by reducing di-brominatedjp-diazo- 
phenol {q, v.) with tin and IICl (Bohmer, J, pr* 


alcohol). V. sol. henzeno, alcohol or ether. 
tin Its. -B'l IC1.~B 1 r ,SO,. - B',1 Li\0,. 

Bromo-m-amido-phcttol d„H.jir(NiyOTI 


C JI,Br.,<5 + 2H, = C,H,Br,(OII).NH., + NH,. 
Propcrties.—'Ppd. by NallCOs from solution 


[/:1:3 |. c</icr OJ I, P*r(N It, )()Kt. TdrpUd^ of its hydrochloride as microscopically small 
V. sol. alcohol and ether, v. «l. sol. water. The m'odles grouped in tufts. Turns blue in air, 
h)(li'o(diloride, sulphate, and oxalate crystalli.so SI. .sol. ether, V. sol. alcohol, m. sol. hot water, 
in whito plates C. If IJr(OEl)NH.., IICI, HuCl-i Halts. — B'HCl : glittering plates.— 
(liinilner, 7f. IH, 012). ' * (B'HCl), HnCl, . -BlIBr. 

Bromo-p ainido-phenol Bcaclions . — Wlien N,jOj is passed into an 

C,.Iljnr(N It, )(OU) [1:3:6]. [158^]. Prepared alcoholic solution of its hydrochloride, yellow 

by reducing broriio-nitro-pbi‘nol, or its Ik iizvI crystals of diazo-dibiomo-phenol (g. v.) are ob- 
derivative, by Hu and IlCl (0. Jhdz, 2] : tained, but this body is tsomme with that by the 

32, 65). Short noodles (from dilute akndnd). j reduction of which tlui dibromo-amido-phenol 
Sol. ethor, benzene, and chloroform, si. sol. cold was prepared. An ‘ intra-molecular change * 


w!il<'r. 

Salts. — B'HCl: silvery plates, - 
(B',HCl) HnCl..— IVHP.r. , - - - . . 

.■\ccttil derivative CJI,(4)H)^'IIAe)Br. ether From the nitro- compound 

[157 ’j. 'riiiclc noodles (from hot water). Holu- ' [127°], Sn, and IICl. White porcclain-liko mass, 
ble in alkalis. 1 Extremely sol. ether, benzene, or alcohol (Stae- 

Methyl ether. del, zl.217, 70 ; Staedel a. Dnmni, B. 11, 1740). 

From tho nitro- compound. Hnand IICl (.St.aedel, Salts. — B'ilCl.— — B'.FIjCjO^ [195°]. 


must therefore have occurred soniewhere. 

Acetyl derivative C„Il,Br,(NlIAc)(OH). 
[17t°j. (.flittering plates (from dilute alcohol). 


A, 217, 68). Oil. Insol. water, v. sol. henzeno, 
alcolml.orcllmr. B'lICl.~B'JI,SO,.-B'.,lLCA. 

Ethyl ether 

From tho nitro- compound, Sn and IICl. Oil. 
B'HCl.- B'.,H., SO,.- B' HG 0*. 
Di-bronio-()-nnii(lo-phonol 


Ethyl ether [67°J. Needles (from alco- 
hol). V. sol. alcohol, ether, or benzene. Salts.— 
B'IIC1.-B',,1 PSO^.-B'all AO4. 
Tri-bromo-o-amido-phenol. 

Ethyl ether 0,HBr,(NIJ.,)0Et [1:3:4:6:6]? 
[77°]. From amido-phonetol (6g.), glacial acetio 


C,H.d.tr(NIl;)(Oll) tl:3:r>:6]. [96'^. Formed 1 acid (50 g.) and bromine {17‘5 g.). The prorluct 
by reducing di-broiuo-o-uitrophcnol fllolz, j is poured into water, and tho pp. crystallised 

2132,69). Slender yellow needles (from dilute ! from alcohol. Long silky needles. Nearly 


aleohol). Sparingly soluble in water, v. sol. 
alcohol, ether, benzene, rupl chloroform. 


insol. boiling cono. HCl. It is totally decom- 
posed when heated to a temperature a littla 


Salt.s. B'HCl: plates. — {B'IICl)iSnCl3: above its melting-point, 
needles.- B'Hllf: needles. Tri-bromo-w-amftij-pbenol 

Acetul derivative C,.H,,(OIl)(NUAo)Biv 0,HBr,(NH,VOH [1:3;6:2:6]. [115°]. Formed 

[180°]. yellowish t.codlos (from hot water)." by reduction ctf tri-bromo-m-nitro-phenol (Dao- 
Sol, alkalis. coi»o, B. 18, 1168). Colourless silky needles. 

Methyl ether 0,n.jBr..(NH..)(OMe). From i Hoi. alcohol, ether, benzene, and hot, si. soL 
the nitro- coiniH)und by Sh and IICl (Staedel. cold, water. Fe,Cl, gives a green colouration. 

A. 217, 63). Oil. Sol. alcohol, ether, or dilute j Ethyl cf/tcr C,HBr,(NH,j)OKt. Solid, T, 
acids, insol. cold water, si. sol. hot water, sol. alcohol and ether, si. sol. watcr.—B'HCl : 
B'HCL— B'.JI. SO.. [177°].— B'.Il..C.iO,. white needles, sol. alcohol— B'jH.SO, : white 

Ethyl' ether 0,H.Hr.,(NiL)(OEt). [92°]. needles, sol. alcohol. — B'HClSnClj : whiU 
Quadratic crystals (from alcohol). V. sol. alco- needles (Lindner, B. 18, 614). 

hoi or ether. B*UCL—B',HaSO|.— B'jH.iO,Ot. BROMO-AJUpO-DIP^irW. 

Bi-bromo-o-amido-phenol. Acetyl dtrivettivB 0.,H,BrNH^, 

Mthyl ether C,lI,Br..(NIl3)OEt [1:.3:4:5]? From Br and ^ - 



Bolt W9i HSi- MmcUw (Itom wpwiifla*^ ot th* pndmt (Oihiitl, A U, 

lle(di<il)« 23M). Long gUsteni^ oiyattlf* Sol* noil 

Di<%romo4i-omid0‘4ip]i«ajl 0„H«Br^NHJ|. ordinary soWento and in aoidg and alkalif* 

(89®]. From di-bromo*di-nitro*diphenyl Iby Sn Acetplderivativ$: [160®]. Long oolour* 
and HGl (Fittig, A. 132, 207). Insol. water.— less needles, soluble in alcohol, ether, and 
B''2HG1. benzene. 

Di bromo-di'amido-diphenyl Bromo-m-amido-phenyl«propionio acid 

p:4;l] C.H,Br(NH,).C,H,Bi(NII,) [1:2:4]. D/- C,.H,(Br)(XH,).aH,.CO,H I2:hr>]. [1]7®-110®]. 
-■ tn'wnO'hemidinc. [ir>2^J. Obtained from [3:1] l.oi^ prisms. Sol. water, aleoliol, other, and 
(3,H,Br.NH.NlI.Cji,l>r [1:3] and UCl (Oabriel, (\lC IVeparod by rcduotii ii oI ^'-liroino m- 

B. 9, 1407). Trimelric crystals, in. sol. cold iiitro-hydrocinnamic noid witli <iu and HCl. — 

alcohol.— B" 21101. -B"H.^rtCl,. . A'llCl: glistening solublo needles ((iabriel a. 

Di-bromo-di-amido-diphenyl C,..IIJ3r..(Nn,)2 Zimtnormann, /?. 13, UlSl). 

[1:5:2],. [108®corr.]. Small plates. Formed by the j (c^.O-DI-BROMO-o- AMIDO - PHENYL- VALE- 

action ol an alcoholic solution of SnCl., and ' RIC ACID 

HjSO, on ^J-bromo-benzene-p-azo-bromo-bonz. ' (\n,15r,(NH,).CIL.CH,,.CIL.Cir,.CO,II. [90®. 
ene. Treated with nitrous acid in alcoholic ' with aq]. I<ong colourless noodlea (containing 
solution it gives an azimido- body CiJljNjBrj . aq). Formed by reduction of an alcoholic solu- 
whioh forms glistening violet needles, [206^], | tion of di-bromo-amido-phenvl-di'hromo.valerio 
sl. sol. alcohol (Schultz, R 17, 405). ! acid CJOr,(NHL,).CilBr.CllBr.{’iL.ClI,.CO,H 

Tetra-bromo-di-amido-di phenyl C,,H„Br,N.,. \ with zinc and UCl. V. pol. ordimiry Bolvents, 
Tetra-bro}nQ-hcmiditu\ [280^]. rrei>ared by ■ insol. cold water. It could not be converted into 
broinination of benzidine (Claus a. Itisler, B. an inner anhydride, even by debydrutin,g agents. 
14,86). Slender colourl(..?s needles. Sol. nlco- j i?/// lyf c f /icr C,,.ir,oBrv(NH.)CO,Kt ; tliiok 
hoi, ether, CS.,, CJf,;; insol. water and acivls. ; oil; its hydrochloride forms wliileneeiiles f I30”j. 

BROMO-AMIDO-PHENYL-ACETIC ACID | Acetyl derivative C,„II,„Br,.(NJlAc)CO..H 
0,H,(Br)(NH,,)(CII,.C0,n)[l:2:5]. [13(P]. Formed [200'’]; aggregates of thin white needles ; v. sol. 
by saponilication of the acetyl derivative of its alcohol, other, Ac. 
nitrile, or by bromination and saponilication of A c etij I -e t hy I ■ c ther 

the acetyl derivative ot p-amido-phenyl-acetic ' C,„JI,uBr,(.NIIAe)C() Kt [130®]; colourless orys- 
acid (Gabriel, B. 15, 810). Colourless plates, fals; v. sol. aleoliol, ether, and aci-tic ueid, more 
Sol. alcohol and etlier, insol. CS.^. j s paringly in benzene, insol. writer arul ligroin; 

Acetyl derivative [16.5'’], ! in small qnantiti* - it can be distilled undocom- 

Nitrilc C„H.(Br)(NH,)(CH,CN). Acetyl (le> ' posed (l)ielil a. Kinhorn, J3. 20,380). 
rivative CJ{,l)i(NIIAc)(CiI,CN) [129®]. Long: Sy-rwo-Tctra-bromo-o-amido-phonyl .valeric 
oolourlcss needles. Sol. alcohol, al. sol. cold acid CJl,Br,(Nir ).CllBr.CHBr.CIl,.ClI,.C(>.,H. 
water. Forniod by bromination of the acetyl [167'j. Formed by bronanation of o*amido* 
derivative of p-ainido pheayl-ncctouitrilo (Oa- styryl-propionic nei<l disrolvinl in chloroform, 
bricl, If. 1.5, 810). Small Joieroscoplo nee<l!cs. V. Pol. aleoliol, 

Bromo-aniido-phenyl-acetic acid ether, atid ac' lic acid, insol. water and CS, 

C. n,Br(NII,)CH,.CO II [1 : 2or6 : 4], [1.34®]. ' (l)ielil m Kinhorn, B. 20, 379). 

From tlie nitro- compound [114®] by Sn and j BROi-O-AilllDO-QUINOLlNE 

HCl (P.P. Bedson, 6’. </. 37, 98). Silky needles C, .11, N{lh)(.\’fL). [164"]. Large monoelinio 
(from water). Sol. alcohol and ClICl,. SI. sol. j>ri.‘;m.s or long colourles.s needles (containing 
ether. — B’llCl aq : turns red in air. n-j). Sol. aleoliol and ether. 

(a)-Bromo*aiiii(lo.phcnyl-acetic acid j Salts. — B'JINOj,: glistening yellow needles. 

CJljBr(NlIj)CIL.CO ,11. [167®]. From the --B'ilCl : soluble red prisms. B'.lI.,CI,PiClj; 
nitro- acid [109 ’J by Sn ami IICl (Bedson). i microsco])ic orange needles. 

White needles (from water), reddens in air. j Acetyl derivative C,,IJ,N(Hr)(NIIAc). 
Bob alcohol and chloroform, sl. sol. ether. i flOfi®]. Thin colourless plates (La Cosle, Ji. 15, 
Salt. — B'ilClaq: white needles (from water). ! 1920). 

(/8)-Broiiio-ainido-pheiiyl-acetic acid I DI-BROMO-AMIDO-RESORCIN 

C,H,Br(NH,)CH,.CO,H. [180®]. From the uiiro- ; C,HBr,(NllJ(011), [1:2.1], In ethyl ethtr 

aoid[lG2®] by Snand*HCl(Bedson). The bydio- (yiBr„(.NHj(OKt)., [112®); gli.stening needles 
ehlortdc is less soluble in water than Ibui e of or plates (Will a. Piikull, H. 20,1120). 
the two preceding bodies. BKOMO-AMIDO-STYREifE 

(1, 3, 2, 6)-Bromo-di-amido-phenyl-acetic acid . C JI.,Br(N 
0,H,(Br)(NII.,).,.CH,.CO,H [1:3:2;. 5]. [c. 200®].! Acetyl derivaiioe [183®] ; felted needles, 
Long colourless need’' 6. Formod#by reduction • ml. alcohol, etlicr, and ae :1c aeid ; formeil by 
of (1, 3, 2, 6)-bromo-nitio*araido-phenyl-acetic f bromination of p-nmido-cijinamic acid tlLs- 
•oid (Gabriel, B. 15, 1995). i solved in AcOH (Gabriel a.jl rzla r/r, /i. 16,2043), 

BROMO-AMIDO-PHENYL BTHANE * BBOMO-AMIDO SUCCINlC ACID 

0,H„BrN i.e. C,H,Br.CH,.CH,.N IF. Lroww- ; CJyij(NIF)(COdl),. [MO Fi nn di-bremo- 
phenyhethyl atnim (253®). From phenyl-pro- j succinic acid and alcoliolic Nli, (Claus, B. 15, 
pionamide, KOIlAq, and bromine (Hofmann, B. j 1850). Radiating needles ; v. hoI. water and 
18,2740). Pearly plates (from water).— B'HCI. alcohol.— AgA'. 

(1,2,5) BROMO-AMIDO-B - PHENYL - PRO - BROMO-AMIDO-THVMOL 
HOiriO ACID C.H,(Br)(NH., ).CjH,. CO., H [1:2:5]. CJIBr.McPr(NH,){On). Prepared by adding 
Bro no • aniido - hydrocinmmic acid [105®], Na^CO, to dilute solution of its hydrobroraide (v. 
Formtd hy bromination of tha acetyl aeriva- in fra). Long colourless prisms, rapidly turning 
.tfft of ^-omido- phenyl -prt^ionio acid, and | deep violet. 



V ^ — oaDT, jjy adding 

moderately strong HBr to thymoquinone-chloro- 
imide (g. u.) a yellow flocculent pp. is formed. 
Ether extracts bromo-thymoquinones from ihis, 
\ea\mg the above salt, which is soluble in water 
and alcohol, but is thrown down as needles when 
llBr is added to its concentrated aqueous solu- 
tion (Andvfisen, J.pr. l.'U, 182). 

Bronio-amido-thymol [c. 90^]. From brojno- 
nitro-tliymol, zinc*dust, and IICI (Ma/z/ira a. 
l)iscfi1/o, 0. 1(>, 190). Scales. Converted by 
nitrous iieid gas into bi'omo-tlijmo(iuinone [IH’J. 

BROMO-AMTDO-TOLUENE v . Biiomo-tolu- 
iniNli. 

Bromo-di •amido-tolucne v . Biiomd-tolylene 

blAMINI'.. 

BROMO - AMIDO - TOLUENE SULPHONIC 

ACID C.,lI,(CH,)(NH,)lbS(),H [l:2::{;5!. Jiruiiio- 
toUdiliaf {iiili>lt(>nic tifid. From o-tolui<linc sul- 
iihonio acid and bromine- water (Nevilo a. 
Wintbe.r, C. J. 027). I’lisins. 

llruiiiitinf. I, (‘onveiled by dia/.o- reaction 
into u lu'omo tulueno snl|thonio aeid whoso sul- : 
])bocbl<irid(t nudts at [ob '] and wbifse amide at i 
(M7”l. 2. Hoiiled witli JlClatlbO itgivesdibro- 
ino o-toluidinu and two inono-bromo-tolu- 
idiiioH, an oil and a crystallino body, (r»l;’’-r>7®]. | 
(>no of these Ijiiono-lolnidines mnsi be ol)- , 
tained from tlio aeid by displacement of S0.,1I ! 
liy II, and niustHiib: eijin ntly give rise t(»lbcotlier j 
iiinito- iiikI the di-bromo foluidirie. Inasmuch 
a,; oily bromo loloidine, 0„H.,Me(NlI,,)lir [1:2:8], 
liefihd witli IICI at IbO'* gives a Bubslanco 
[ 10 ' 17'^] and crystals (C:!”- 50*^], \vbilcthecrys- 
iiillitie lirotno-toluidine (.'>4^-57'’] is notnlTected 
bv this treatmetit, woninst suppose the sulphonie. 
aiid to bo C„fr.((dl,)(NII,)HrSO,Il (l:2.a;r>] 
ratlier than [l:2:r>:;l]. When it i.s boated witli 
lU'd llu' oily bromo-toluidino is first formed, but 
this tieiiig nnstablo changes into its eryslallino 
iHonieride and the crystullino dibr(jjno-%>lnidb'.o. 

Bromo-amido toluono sulphoiiic acid 
C„n,Me(NU,)l{r(HO,H) fl:t:2:8 or o’. S. -.^2 at 
21'. From o bromo toluene by snl|»bonnlioM, 
nil ration, and reduction (Sebiifer, .1. 171. 8(‘.0). 
'J’l'iinetrie lamiinc (from liot w;it< r) or mxlule.s 
(frtim alcohol). Conveiled by bromine-water into 
tri-linniio toliiidiin' [82 ’). 

Salts, j;:i.\hu(|. I’iiA'.aq. 

Bromo amido-toliiouo sulphonio acid 
r.,1 l,:iIe(NII,)r.r(S(yi). f I:.'}], From (1,1,2)- 
bntnio-toluene sulpbonie acid by ifftratiun, and 
leduetioii (S.). Needles (from water). V. bI. 
fcol, water. lJa.V'.,4aq. 

Bromo aiiiido tolueiio sulplionio acid 
C, Tl,Me(N I Ih (80,11) fl:2i>; l:«P. 8. 8-2. From 
( I , l,8)-broiiu> toluene siilphonic acid by nitrntion 
and reduction (Sebiifer, d. 17-1, 880). rrisnis 
(from water). Jhomiiie-water gives tri-bromo- 
toluidine [72 ].- ])aA *5 2iui.' Na.\'..2a(|. 


Bromo-amido-tolnene tralpbonio acid 
C,H 2 Me(NH 2 )Br(SO,H) Cl;4;5?:3]. Penned, to, 
gether with di-bromotoluidine, by passing bro- 
mine-vapour into cold aqueous y?-toluidine m- 
sulphonic acid (v. Peebmann, A. 173, 210; Lim- 
pricht, B. 7, 452). Clumps of needles. V. e. sol. 
water. Converted by diazo- reaction into (3 or 
5, 1, 2) bromo-toluene sulphonio acid. — KA'. — 
BaA'o 2aq. — PbAL — Ag A'. 

Di-bromo-o-amido-toluene sulphonio aeid 
CJIMe(NH,)Br.,SO.,H [1:2:?:?;4]. S. -64 at 
13-5^. From o-toluidine ^i-siilplionio acid 
CJJ 3 Me(NH.J(S 03 H) [1:2:4] and bromine (Hay- 
duck, B. 7, 1353; A. 172, 211). Capillary 
needles containing aq (from water).— BaA',^9aq. 

Di-bromo-amido-tolucne sulphonio acid 
C„IlMc(NII,)Br,(SO,ll) [1:2:3?:?:5?]. From o- 
toluidine by sulpbonation and brominatiou. 
Needles (containing aq). V. sol. liot water and 
hot alcohol. Gives tri-bromo-toluidino [112°J 
^ when distilled with KOH.— BaA'.^4aq. — 
i rbA'.,3aq (Gerver, A. ItiO, 380). 

Bromo-di-amido-toluene sulphonio acid 
I C.llMe{Nn,) 2 BrS 03 TI [1:2?:G?:3?:4]. From 
I toluene jp-sulphonio acid by nitration and re- 
I duclion (Schwanert, A. 18G, 3GU). d'ables; si. 

■ sol. water.— KA'2',aq. 

I DI-BROMO-AMYL ALCOHOL C,H,„Br,,0 i.e. 
CILBr.ClIBr.CHEt.OII. Di-hyumo-di-dlujl-car- 
hinol. From vinyl-(3i-ethyl-carbinol and bromine 
(Wagner, J. B. 10, 820). Non-volatilc liquid. 
BROMO-oAMYL-ANTHRACENE 
/C(C,H„)v 

C,,lI„Br ie. C,ll/ I >CJI,. [70°]. Yol- 
\CBr ^ 

low needles. Fluox'scent. Prei)ared by bromi- 
mifion of amyl-fintbrucene in C’S... 
j Pier ic (ic i d c om pou ?i d. [1 10°]. Orango- 
' yeltow m‘edle.s(Iiieh(.-rnmnna.Tohi;is,7i. 14,797). 

1 BROMO-sir-AMYL-BENZENE C„U,,Br U, 
C„rf.,.CllKt.Cl]Br.CHa(?). (c. 79°) at 40 mm. 
S.G. 1*28. Oil. Obtained by brominatiiig 
Hee-amyl-ben/.(‘no (Dafert, M. 4, (120). Decom- 
]K>sed slowly by boiling water into IIBr and 
juntenyl-benzene* 

j 7-5.tli-bromo-amyl-benzeno [.'>8"’-G4°] 

I rii.CIlBr.CHBr.CH,.CH,.CII,. From phenyl- 
i umylono {ipv.) and bromine. Needles or plates. 
V ^-di-bromo-isoRmyl-bcnzeno 
rb.CUBr.CllBr.CH(ClJ,).. [128°-129°]. From 
: piienyl-iso-amylono and Br (Scliramni, *4. 218, 
1 891). Needles (from alcohol). 

I Tri-bromo-isoamyl-benzeneC,,H,.,Br 3 . [140®]. 
! Obtained by broininating iao-amyl-bonzene at 
I 100 (Bigot a. Fittig, A. 141, idl). Needles. 

I BROMO-IgOAMYLENF, C,ll.Br. PentenyU 
[^bromide. (100^-110°). From ‘isoainylene ’ by 
I Eueeesaivo treatftient with bromine and alcohollo 


Bromo-amido toliieno sulphouic acid j KOlf (Bauer, A. 120, 107). Successive treat- 

CJI..Me(Nll.)Br(S0^11) [1:4 :j'; 2]. S. *28 at 20\ ' iiieiit witli conc.HjSO, and water forms amylena 
Ihom boiling aqueous j)-toliiidine o-sulpboiiic | dibromide and a ketono C,H,uO (Bouchardati 
aeid and bromine (Jonsson, A. 17*2, *280; ]t. C. 2L 93, 310). 

7,55). Needles (from water). V. si. sol. boiling ■ w-Bromo-Uo-amylene (111°) Pr.CIP.CHBr. 
water.— K.Vnq.- BaA'.jTnq. ! From isovaleric nldeliydo by successive troat- 

Bromo amido-toluone sulpbonie acid I ment with rCl,Dr.^ and alcoholic KOH (Bruylauta, 

C.H,Mo|NH,)Br(80,U). S. -19 at '20^. From ' B. 8, 400). 

o-tolui'hfic sulphouic acid by conversion into o- 7 .Bromo-n-amylene rH.^:CBr.CH,.0H,.GB^ 
bromo toluene siilphonic acid, nitration, and ro- (1*23°). S.G.^ 1*10. From methyl propyl ketont 



BROMO-AmiNBL 


m 


bv sueoesaive traatmani with Kn«Br,^ and aloo- 
bolio KOH (B.). 

Bromo-amylena (111*’). From di« 

bromo'bexoio acid CH,.CHBr.CBrEt.COaH and 
cold aqueous Na.CO, (Fitti'j, A. 200, 30). 

Bromo-amylene OjHjBr, (115-). Froraiso- 
valerylene and HBr (lloboul, 1807, 173). 

Bromo-amylene OjH„Br. (c. 10(“»^). S.O. 
1*173. From isoprono C^Hj, and lIBr (Bouchar- 
dat, /. 1870, 677). 

Di-bromo-amylena OjUsBr.. (c. 170'^). From 
isovaleryleno and bromine (Bcboul, vl. 135,372). 

Di-bromo-amylene CJI^Br.^ t.c. Fr.CBr:CiIBr. 
(176’). From i.sopropyl-acotylcn 0 and Br (Bruy- 
lants, B. 8, 407). 

Di-bromo-amylene CiH..Br. i.e. Pr.CBnCTlBr. 
(190°). From n-propyl acftvlene and Br (B.). 

BROMO-AMYIENE OLYOOL (}JI,B.^OiI),. 
From arayleno dibromide by successive treatment 


tion of n-bromanlUna diaaohad in 10 nta. of 
H^SO^ Dromo-nitro-aniline C«H,Br(NO,d(NH^ 
[4:3:1] is produced (NQlting a. Collin, B. 
17, 200).— 5. Ci/attogen forms a oompoond 
C|:lI,Br.NlI.C(NH).C(NII).NHC..n,Br ; 

white plates (from alcohol) (Senf, J. pr. [2j 85, 
530). 

Salts. — B'lIGl : monoclinie.— IV.ITJ’tClo. — 
B'HBr^aq: monoclinic prisms (Stnedel, B. 16, 
28 ).— B'JLsO, : lamina'. B'Jf F.O,. 

Formyl derivative CJl Br.NIIfCO.H), 
[119°]. Lon<' white needles. Iiibol. cold water, 
si. sol. hot water, v. sol. aleohol and ether, 
I’n'pared by heatin'^ p-bromanilino with formic 
ether, or hv brominatin-j formanilidc (Denuatedt, 
B. 13, 231). 

Thio formyl derivative 
CJI,Br.Nn(CS.‘ll) [190’]. Needles. V. sol. 
hot efhor and alcohol. Prepared by the action 


with AgOAc and solid KOH (llauer, J. IHiil, GOl). • of P-S^ on tho preceding body (l)cnnstedt, B. IS, 


TEI-BROMO./- ISOAMYL-TOLUENE 


230). 


C,.^H,iBr, i.e. Cjl.Mel3r,.CdI„. From /)-isoamyl- i Acrtyl denmtive [KU)^’]. From acetanilide 
toluene and bromine at 10U\ Sticky liquid in glacial liOAe and Br (Bemmers, I!. 7, 346; 
(Bigot a. Fittig, A. 141, l.*5). (iiirke, B. 8, Jill). Also from p-bromo-nniliiio 

TRI-BROMO-ANETHOL C„II„Br,0. From nnd Ae(’l (K..rn<'r, _(_/ 4, 329), or aednmido 


anethol and Br. Crystals (rahours, A. 41, GO). 
BROMO-ANILIC ACID v. Di niin.MO-i>i-oxy- 


QVI.NONK. 

0 -BROMO-ANILINE CJI.HrN t.e. 
CJI,Br(Nll,) [1:2J. Mol. w. 172. [31°]. (229° 
i. V.). From o.bromo-nitro-lieu/.ene by reduc- 
tion with tin and UCl (Fittig a, Ma;.;er, h 
1175). 


Acetyl derivative CJl,BiNHAe. oJiiv- 
mo-acctaniliJe. [99'^']. Long needle, s (Korner, 
Q. 4, 330). 

m-Bromo- aniline CJI,Br(NlL) [1:3]. [18°]. 
(251°). Formation,-- 1. From m-hromo-nifro- 
zone (Fittig a. M.'u-or, B. 8, 3G1).— 2. ju-nilro- 
diazo-bcn/eiK! suli'hate (from ni-nitraniline) is 
treated with a hot solution of cuprous bromide 
and the crude in bromo iiitro-benzcno reduced 
with tin and HCI (Sandmeyer, />’. 18, 1195). 

Acetyl deri vaiive CJI,BrNll.\c. [88-]. 
Needles (from dilute alcohol) (Sclieufelen, A. 
231, 175). 

p-Bromo-aniline C,ll,Br(NlI.,) [1:4]. [02 ]. 
(Mills, P. ilL [5] 14, 27). piG J (Korner, J. l87.‘», 
842). 

Formation.— -1. By reducing p brouio-nitro- 
benzene with tin and IICl (Bi( lie a. J{6r.ard, A. 
133, 52 ; Fittig a. .Muger, P. 7, 1175; 8, 3G1),— - 
2. By bromination of acetanilide .and distilla- 
tion of the product with KOH (.Mills, J\ >. d] 
19, 21; Pr. 10, 589).— 3. By distilling broiao- 


(K< Ibo, /L l«i, J2«H»). JMonoclinic prisms: a:6:i 
1-.'*3.S:1:F135 (I’aiiebianco, G. 9, 357). M. sol. 
alcohol, V. b 1. .''■'d. water. 

Isobutyryl derivative 
C..ll,Br.NH‘.0,ii,0. [128°]. From iaobutyryl- 
anilino and Br vapour (Norton, Am, 7, 117). 
7, i Needles (from alcohol). 

I Benzoyl derivative 


C,H,Br(NHBz). 
[202 ’]. From benzanilido and Br (Mcinocko, B, 
8, ,M»1). 

Oxalyl il V r i vafive Ci,(\,jNH.O,iH4Br).^, 
[.al'ove 20() J. From Br and oxauilide in HOA" 
(Byer a. .Mixterr, Am. 8, 351). 

' Di-bromo-anilino CJl ,BrdNll.) [1:3:4]. [70*’J. 

Furmnlion.- 1. By s;ii>onifying dibrominnted 
aei'tanilule (tlricss, .1. 121, 2()G), or bromiiinled 
o- or i^-h.n.nc-aeetanilido (Korner, 0. 4, 329). — 
2. Tttgellier witli mono- and tri-bromo-aniliuo by 
brnminaling anilino (KekuU'!, K. 2, G35), -3. By 
distilling di-bruino-i.satin witli KOil (Mofmann, 
A. 53, 47). — 4. Together with mono- and tri- 
bromo-anilinc by heating iiitrobenzcno with 
cone. HBrAq at 190° (Baumhauer, B. 2, 122; 
/j. [2] 5, 19H). - 5. By reducing di-bromo uitro- 
benzene (Wurster, B. G, M!>1). 

iVo/ic/pV.s.— -Needles or long plates. 

Balt.s - B'HCl.- -B',Ii,l’tCI,.. 'ByrSO,. 
deriva 


A netyl <■ 


vative 0,11, Br, Nil Ac. [140^]. 


Benzoyl derivative Cjr,Br„NBzy 1:3:4)? 
[131']. From lonzanilide and Br (IJiibnor, B. 


isatin with KOH (Hofmann, A, .53, 42).- 4. In | 10, 1710). 
imall quantity by brominnting aniline with J’.r j .v-di -bromo- anil.n© C^H.,Bi„(NTi.) [1:3:5], 
vapour or in benzene solution (Kekul6, Z. lyGG, [57°]. From p-nitro acitanilide, by succcHsivi 
, ■ eijn\erKion into nitro-ani' ue, di-bromo-nitro- 

Properties.— Trimeino crys^ls; insol. cold ^ aniline, and di-brorao-niti;o burizenc, and reduo- 
tor, V. Bol. alcohol and rtlier. Bccomposod tion of the product (Korner, G. 4, 308; Lunger, 
boiling, giving aniline, and di- and tri-brimo- ! A. 215, llGj. Needles. 


water, 

)n 

iniline. 

Reactions. ~ 1. HCI at 100’ gives aniline and 
li-bromo-aniline (Fittig a. Buchner, A. i.S.8, 23). 
1, Sodium acts on it in ethereal solution form- 
ng benzene-azo-benzene, aniline, and NaBr 
Anschutz a. Schultz, B. 9, 1398 ; Claus a. 
toques, B. 16, 909).— 8. By dissolving in cooled 
Qining HNO, it is converted into tri-nitro-aoilint 
picramlde) (Hager, B. 18, 2578). — 4. By nitra- 


Di - bromo - aniline GJI^Br.^fNH.J [1:2:4]. 
[80°]. From the corresponding di-bromo-nitro* 
benzf'ne [58°] (Korner, (/. 4, 370). 

Di - bromo - aniline CyijBrdNH.) [1:4:3], 
[52°]. From the corresponding nitro- compound 
[85°] (Bicho a. Bcrard, C. li. 59, 141 ; Meyer ». 
Stuber, A. 1G5, 180). 

Tri-bromo-anilint 0 «H,Bra(N£[|) [l; 8 : 5 ; 6 ]» 

[119°]. (300y. 



iiiwiilii ^ «« wjiwB on motuffto (tei 

«flmo «q 06 D 08 solution of a iiUt of 

gi^e A, 44, 291 j J. or. 28, 204: 

Hofaiaim, A. 69, «)).-2. By the action ot B^ 
on 0- or p-bromo-aniline (Korner, 0. i, 305).— 
8. By reduction of tri-bromo-nitro-benzene (K.). 
4. Together with aniline and di-bromo*aniline 
by the dry distillation of jp-bromo-aniline or by 
heating it with HClAq at 160® (Buchner, S. 8, 

m). 

JVfparai ion.— Bromine (500 g.) is gradually 
added to anilinii (100 g.); as soon as a solid mass 
is formed glaci*! acetic acid is added and the 
addition of brftmino continued until the mass 
has a red colour. The product is washed 
with dilute alcohol and water and crystallised 
from alcohol (11. Hilberstein, /.jir. [2J 27, 101). 
Yield 80 per ccut. 

Properties, - I. ting colourh ss needles. 

Iteaclions.-'l. K^Oj, passed into tri-bromo- 
anilino half dissolved, half suspended in alcohol, 
gives a yellow pp. of tribromo-dinzo-benzono 
nitrate. “ 2. Converted by duiso- reactions into 
«-lri-broino-benzene and into w tetra brouio-bcn- 
*ene.“3. Cone. UNO, gives di bromo-di-nitro- 
mclhano, tetra-bromo tpiinone, ?4-lelra-bromo- 
benzeiie, picric acid, and oxalic acid (Losauitsch, 
a 15, 472). 

Salts. The salts arc very unstable, and 


1 150“ (Mer, .4, 182, 3C7). Golden taE (from 
alcohol). OxidisQB to di-bromo-anthraquinone. 

Tri-bromo-antbracene 0,^H, Brj. (A. 1 , 2 . R) 
[lGy°J. Formed by heating (A. 1, 2)-di.bromo. 
anthracene tetrabromide (G. a. L.). Yellow 
needles (from benzene). Oxidised by HNO^ to 
bromo-anthraqninone (Claus a. llortel, J5. 14, 
079).-Broraide: C,,n,Br,. 

Tetra-bromo-anthracene 
C,,H,Br,(^. 1,2,71.1,2)? [254®]. Fromdi-bromo. 
anthracene tctrabroniido and alcoholic KOH 
(Anderson, A. 122, .'104 ; G. a. L.). Yellow needles 
(from xylene). Gives di-bromo-authraquinone 
on oxidation. — Bromide: C, 4 H^Br„ [212®] 
(Ilammcrscblag, B. 10, 1212). 

Penta-brorao-anthracene C,,HBr.. [212®]. 
Formed by heating tetra-bromo-anthracene 
tetrabromide at 230*' (II.). Ycdlow powder. 
Oxidises to tctra-bromo-anthraquiDonc. 

Hexa-bromo-antbracene C,,U,Hr,i. [310®- 
320®]. Prepared by llui action of Br in presence 
of I on di-bromo-anthraceno (Diehl, B. 11, 178). 
Oxidised by K.CrG. and IPSO^ to Idra-bromo- 


onnnot be formed in aqueou.s solution. BTlBr : 
small white needles [190’ J, insol. ether and i 
benzene; decomposed by water.- B'lfCl : small 
while' needles (Gattermumi, B. 10, 035). 

Acetyl dcrtvntti’c CJl^BijNlIAc, [232®] 
(lleiiimrr«,7i. 7, 819). 

Bincetuhlcrivative. C,1I Br.,N Ac » [123®]. 

Tri-broiuo - aniline C„D .llrj(Nll..) {1;2:3;5]. 
(above 130’]. From Iri Lnoino-nilro-bcnzono 
[112®] (Korner, (1. 4, 328). Its salts arc not 
decomposed by water. 

Tetra-bromo-anilino CUIBr,(Nl|,) [1^;3:,5:0]. 
[116®]. Formed by broniinating ?5-biemo- 
anilino, or (I, 4, 3)-di bromo anilne' (Korner, C/. 
4,328; Wurster a, Nolting, JL 7, 15(il). Is a 
by-product in the action of bromine on nitro- 
benzene in presence of Fe Ur„ (Scheufelen, .1. 
231, 101), Needles. Converted by the diuzo- 
-waetion into n-letrn-bromo-ben.-.ene, 

Penta-bronio-aniline 0,.BrjNH... [222®]. Ob- 
tained by bromiiiating (1, 3, 6)-di-bromo-aniUnc 
(Korticr, (V. 4, 308). Largo needles (from 
alcohol mixed with toluene)! r - 

BROMO-ANILINfi SOLPHONIC ACID r. 

BnO.\lO AMinO-HKNZENB SULHIONIO ACID. 

B ROMO- ANISIC ii\ClD v. Methyl derivative 

of B«OMO-OXY-nKNZOIC ACID., 

BROMO-ANISIDINE v. Mcthyl-Bnom- 
AMlDo-ruBNOL. 

BROMO-ANTHRAfjENE 0,Jl,Br. [lOO^]. 
Obtained by warming anthracene dibromido. 
Nmllcs. Forms a rod piorio acid compound. 

{A. 1,2) Di-brorao-anthracone C, ,H„Br.. [221®]. 
From Br and anthracene in CS* (Gracbo a. Lie- 
bermann, A. ISuppl. 7, 275). From triphenyl- 
methane in CS. atul bromine in sunlight (tri- 
phcnvl-methjl bromide being also formed) (Allen 
a, Kolhker, ^1. 227, 109; 228, 254). Golden 
needles (from toluene) ; may be sublimed. V. si. 
•ol alcohol and ether. Alcoholic KOH at 100® 
forms aulhracene. Dilute UNO, gives anthra- 


authraquinono [c. oOD’j. 

Hoxa-brorao-authraceno C, 4 lI,Br„. [above 
370®J. From C,,lI,iBrH and alcoholic NaOII (H.). 
Silky yellow needles (from kerosene). Oxidation 
gives tetra-bromo-anthratpiinono [above 370®]. 

Hepta-bromo-anthracene CnHjBr,. [above 
350®]. Prepared by the prolonged action o! Br 
nt200® in ])rescncc of 1 on di-bromo-anthracene 
(D,). Yellow noodle,}. Insol. alcohol and ether. 

Octo-bromo-anthraceno C, ,11 .Br,. Formed hy 
very prulongod action of iodine bromide at 3G0® 
on hopta-luomo-anthiaconc (D.). Needles. Insol. 
most ordinary solvents, si. sol. nilro-benzene 
and aniliix'. 

(.4. 1) - BROMO . ANTHRACENE-(i. 2)-CAR. 
BOXYLIC ACID [266®]. 

Formed by the action of bromine upon anthra- 
cono-(.4.)-c;\rboxylic acid in acetic acid. Long 
glistening yellow needles, Sublumvble. SoL 
alcohol, ether, and acetic acid, v. si. sol. benzene 
ami water. Its solutions have a blue fluor- 
escence. Kvolvos COj at its melting - point 
leaving broiuo-anthraccne. 

Salta.— Ag A': yellow microscopic prisms. 
— KA'; long very slender yellow needles.— 
BaA'.,: yellowish needles (Behla, B. 20, 704). 

DI-BROMO -ANTHRACENE DI3ULPH0NI0 
ACID 0,,H.iBr^(SOaH).;. F-omdi-bromo-anthra- 
iceno and fumii^ HjSO* (Perkin, ^ J. 24, 19). 
Oxidi.scs to anthraquinone disulpbonic acid* 

b'alts.-Na.A'.— BaA". 

BROMO-ANTHRANOL C„H,OBr le. 

/C{01I)v nrt ^ 

^CBr ' 

[1 18®-I51°j. Formed by the action of (1 mol. of) 

I bromine upon anthranol (I mol.) dissolved in CSg, 

! Yellowish crystals. Insol. boiling aqueous, but 
converted by cold alcoholic KOH into 09 Wtongi 
I K salt (Ooldmana, B. 20, 2437). 
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Anthraquinond • bromide, 

(157^. Foimed by the action of (rather more than 
3 mol. of) bromine upon anthranol (1 mol.) dis* 
solved in CSy Large rhombic cr}-stalB. Insol 
aqueons alkalis. By boiling with acetic acid it is 
readily converted into antliraquinone. 

{B. 1)-BS0M0-AKTHBAQU1N0N£ 

C,*H,BrO,. [188°]. Yellow needles. Sub- 
limable. Prepared by heating n-bronio-benzDvl- 
benzoic acid C„H,Br.CO.CJf^.C()Ji with ll.SO, 
to 180°. On fusion with KOIl it givc> er////t/o- 
oxy-anthraejuiuoue (I’eehumnn, B. 12, 2127). 

{B. 2) • Bromo • anthraquinoue C, .H BrO.. 
{187°]. Formed by oxidation of tri-bromo- 
anthraceno with CrO^ and HOAc (Graebe a. 
Liebermann, .1. SujijiL 7, 21)0). Yellow needles; 
toay be sublimed ; si. sol. alcoliol, ni. sol. hot 
benzene. Converted by potash-fusion into ali- 
zarin. 

Di-bromo-anthraquinone C,,H„O.Br.. 

Formation. — 1. l!y broniinating anthra 
qninone (Grael)c a. Liolermann, A. Suppl. 7. 
280; Diehl, Ji. 11, IHI). 2. By oxidation of 
tetra-bromo-anthracenu or di-chloro-di-bromo- 
anthracene with CrO, (G. a. L. ; Ilummorsclilag, 
B. 10. 1107). 

iVoper^iVs.— Boils with sligl^t decompoaition, 
si. sol. boiling alcohol, m. sol. glacial HOAc. 
Potash-fiKsion at OoO’’ gives alizarin. Aceoid- 
ing to Perkin (C. J. 07, o5i ; vriv. com.) the 
di-bromo anthraquinone formed by the tirst 
method molts at 215° for 250^ cor.) and dilTrrs j 
from that formed by the second mctliod, which 1 
melts at 27.V' (or 281-'»^ cor.) by giving, on 
potash-fusion, not only alizarin but also llavo- I 
piirpurin njul anthrapurpurin (tri-oxy-anthra- | 
quinone). 

Tri-broino-authraquinone [18t>°). 

Prepared by the action of Br in prest UwC of I 
upon anthraquinone or di-bromo-antliraqiiinone 
at 200° (Diehl, B. 11, 182). Yellow m edles; 
insol. alcohol 

Tri - bromo - anthraquinone C,,ll,Br.,0^. 
[305°]. From penta bromo-iinlhracene, Ci()„ [ 
and HOAc (Hammerschlag, B. 10, 1213). Flat | 
needles (by sublimation). j 

Tetra • bromo - anthraquinone C,,H,Br,0., 1 
[2l)5°-300°]. Formed by oxidising hexa bromo-. ■ 
anthracene [320°] or by brominating tri-bromo- j 
anthraquinone [I8() 'j in presence of I (D,). | 
Yellow needles. j 

Tetra - bromo - anthraquinone C,,H,Br,Oj. i 
[above 370°]. Formed by oxidising hexa bromo- * 
anthracene [above 370°] (H.). i'ellow n<-ed!c.s. | 

Penta - bromo - anthraquinone C, Ji^Br^.^. j 
Formed by oxidation of hepta-broino-anlhra- ' 
oene (D.). Subliiuvs wath ditlkulty without j 
melting; el sol boiling tolucn% J 

DI- BROMO- DIANTHBYL [far ; 

above 300°]. Yellow prisms (from toluene). ! 
Formed by bromination of diantbryl dissolved 
in C8., (Licb( ■rmann a. Girnbcl, B. 20, 1855). ! 

DI - BBOMO . AFO PH YLLENIC ACID j 
O.H^rNO, i.e. C,NH^r(CO,H)(CO,Me) or; 

0*NHjMeBr(C0,n)<^^>. Methyl -ether oj \ 

hromo-pyridinedicarboxylicacid? From bromo- * 
tarconme (a derivative of narcotine) and £r 
(t* Oeriohten, A, 210, 91). Hard prisms (eon- , 


talniog jol liol .Hi 

give no pps. with salta of Fb, Ag, or Ou. 
with cone. HCl it forma 00 «, MeOl, and i 
bromo-pyridine carboxylic acid (?) [199°]. 

• Salt.-BaA',3aq. 

DI - BBOMO - APOPHYLLIH C„H„Br«NjO^ 

[229°j. From bromo-tareonine or bromo-apo- 
jdiyllenic acid and hromine-waler (v. Geriehten, 
A. ‘^10, 94). Six sided tables {eonfaining 4aq) j 
sol wafer, insol. idler. Alkalis form a deep- 
rt'd solution. IlCl at 150° CO.., MeCl, 

di-bronio-pyridin<‘, and di-bromo-pyridmo mo- 
thylo-chloride. 

Balts. -B'lICl-B"2HCl~irgLPlCl..a.i. - 
B"flBr. -B"211Ur. 

DI- BBOMO -ATBOLACTIC ACID r. fl/i-Dt- 

nnoM'>-a-t>xY-.»-i‘nFNYr,-i>n<'iM.'Nrc Acii*. 

BROMO - ATROPIC ACID CJI,BiO, i.e. 
Pli.C.JIBr.tXLH. Kxo-hi'omo-a-jilii'ntil-arryjic 
acid. [130 ]. From the compound of atroj)io 
acid (1 mol) with HBr (2 mols.) by boiling with 
water (Fitlig a. Wurstcr, A. 195, 102). Blender 
needles (from water). 

TETRA - BROMO - AURIN 0„n,„Hr,0,. 
Ft»rmed by brominating aurin dissohi'd in 
HOAc (Dale a. Sehorlemmer, 0. J. 35, 152; 
cf. /ulkiovsky, M. 3, 4(»5). Bronzed crystals. 
Alkalis form violet solutiojis. 

Siilt. A"Ag. : dark violet in.solublt* pp. 

KUtol ether k"l%\ [110°-U5'); juicro- 
.scopic reddish cry.stals ; sol alcohol, cdher, and 
heti/ern; (Aekermann, B. 17, ll>2()). 

BROMO-AZO BENZENE v. pp. 374, 379. 

TETR A*B ROMO.AZOPHEN I N E C,„l I., 

[213'^J. Formed by healing p-nitroRO-di-plu’iiyf- 
arniiie with p hromo-ntiilinc and yobromo aniline 
hydroehlurido at lOOl Greatly re.sembles azo- 
pbenim* (0. Fischer a. llopp, B. 20, 2181). 

BROMO-AZO-TOLUENE e. p. 391. 

DI-BEOMO AZOXY BENZENE v. p. 427. 

BROMO- AZOXY-TOLUENE g. p. 428. 

BRO-TO - BARBITURIC ACID CJi,lhN,0,. 

i.e. CHBr<[^|,Q';^;||^CO. Bwmo-malonyl-vrea. 

Vreide of hrunu) malonic acid. From di-bromo- 
barbituric acid by reduction with Na or Zn, or 
by i'vaporaling with aqueous H(JN (Baeyor, 
A. l.'IO, 134). Small needles; si sol cold 
YVUter. 

Salts.— NH, A'. — ZuA'jjSaq. — ZnA'jtOaq 
(Mul.Jer, B. 12, 2:;(»9). 

Di breuiq-briibilaric acid C.HJlr.N.^Os. Di- 
bromo inulimylatrca. Formed by tJjo action of 
Br on barbituric, nitro baibituric, nilroso-bar* 
bituric, and hydurilic acids (Baeyer, A. 127, 199 » 
130, 130), 

Breparation. — From di-broiuo-oxy-metliyl- 
uracil and fuming HNO, (lielircnd, A. 236, 
02 ). 

iVopcrffe.s.— Trimetrip crystals. Sol water, 
V. sol hot alcoliol and eliv i. 

Beartions.—l. Boiling wafer forms alloxan 
and HBr.— 2. HI reduee.s it to liydurilic and 
barbituric acid.‘?. 3. H.S forms dialuric acid.— 
4. Bromine, voter forms CO, and tri-bromo- 
acc'tyl urea. -5. Alkalis form CO„ tri-bromo- 
acetyl urea, and bromo -barbituric acid. — 0. 
Thio-urea forms so-callod Ihio-pseudo-uric aoid 
C,N,H,0,S (Trzeinski, B. 16, 1057).-7. PoUu> 
iium tulphocyanvJe forms Balphocyano*barbl« 
turioaoidO,N,H,SO,(T.). 



BBOMO-BARBITtJBIO ACttD. 


Di bromo^bixliitiirlo Mid 0,H4Br,KA 
Prisms fflaeyer, A. 130, 145 ; c/. p. 440). — 
C,H*lir,N.O,HBr. Prisms, v. si. sol. water. 

DI-BROMO-BEHENIC ACID a^H^jBr.O,. 
[43®J, From eracic acid and bromine 

(Ilauflflkneclit, A. 143, 40; Otto, A. 135, 220). 
Nodules. ConverU-d by alcoholic KOH to bromo- 
eriicic acid, C,,II„Br02 and behenolio acid 
C.^oH^Oj. Moist fonas o.xy-erucic acid^and 
di-oxy-bohcnio acid. Sodium amalgam forms 
orucic acid. Halt a.— BaA^^.- PbA'„. 

Di-bromo-bohenic acid C.^JIvdlr.A* 

From brassio acid and bromine (11.). Itoducod 
by flodium-amsigara to brassic acid. Alcoholic 
KOH at 220^ gives behonolic acid. 

Tri-bromo-behenic acid CJInBr^O.. [32^J. 
From brorno-erucio acid and bromine 

Tetra-bromo-behenic acid CoJliuBr^O^. [78'’]. 
From behonolic acid and bromine (H.). 
liamimu (from alcohol). 

BBOHO-BENZALDEHYDE V. IbloMO-BKN/.tUG 
ALBRIlYnK. 

BBOUO-BENZAIdlDE v. Ainiile of 

BKNZOIO ACin. 

BROMO-BENZANILIDE v. Anilide o/Bitoim. 

llKNZmC ACID. 

BBOMO-BENZENE CJI^Br. PJu'niilbivmidr. 
Mol. w. 157. (15(>‘’). H.O. 7 Mill 1. jw,, l-673t». 
11^55-81 (liruhl). S.V. 110*3 (HchilT, 11 10. 
504). Vapour pressure : Ilamsay a. Young, 
G.J. 47,040. 

Forma tion.—l. From bromine and bonzono, 
cillicr boiling or in sunlight (Couper, A. Ch. [3] 
52, 300 ; Schramm, B. 18, 000). Tho reaction 
is promoted by tho presence of 1 (Ador a. Uillief, 
B. K, 1*287) or AlCl^ ((Iroene, C. li. OO, 40; 
Beroy, Bl. [2] 48, 210).~2. Formed by running a 
solution of NaNO,. into a hot solution of Cu.Jir.^ 
and imiliiiC! in dilute II.SO, (Saudmeyer, B. 17, 
2052). 3. By heating dia/,ohenzene with a largo 
excess of strong llBr; theyield is^32 of tl'o 
tl\eoretical (Oasiuiowski a. Waj'ss, Ji. 18, 10.38). 
4. From phenol and bromide of phosphorus 
(Uicho, vl. 121, 357). 

/Vopc/ f/V.s*.~Oil; not attacked by KOH, KCv, 
or AgOAo. 

Itfaetions.-—!. Boiling with AhCl^ produoe.s 
b<>jj/,ene and di-bromo-bonzones (Dumrcicher, 
B. 15, 1807). 2. Converted in the animal sys- 
tem into p-bromo-pheiiyl-niercapturio acid 
C„Il,uBrXSO„ p bromo-phenol.bromo pyrocate- 
chin, and bromo-hydroquidone (Baitmaun a. 
I’reusso, If. 3, IStf; Jnlfe, B. 12, 1002). ~3. 
Converted by cone. lI^isO, intodi-bromo-benzenH 
suipbonic acid and ^jromo benzene di-sulphonic 
acid (IJer/.ig, Af. 2, 102).-4. ClSO,H forms 
C„fI,Br(SO,lll [1:4] and C,Il,Br.SO.,,C,ll,Br 
( lii ekurls a. Otto.ii. 11, 2001).— 5. Heating with 
MfO.Na gives C„lI,OMe and phenol (Blau, M. 7, 
021 ). According to l^ittica 17, 2031) there 
is a second bromo-hen/.ene [c. <12 ^]. 

o Di-bromo-benteue OJI,Br, [1:2]. [-1®]. 
(224 ’). S.O. f 2*003. Formed in small quan- 
tity in preparing 2^'di-l)romo-benzciie from ben- 
zene and Br lUioso, B. 2, 61; A. 164, 170). 
Formed also from o nitraniline vid o-bromo- 
nitro-benzono (Korner, O.i, 833). HNO, forms 
chiefly di-bromo-nitro'benzene [68®]. 

m-Di-bromo-bsMsat [1;3J. (210®). 
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FomaHon.'-l, From (l,8,4)-dl«bfomo^‘« 
line (Meyer a. Stdber, A. 166, 169).— 2. From 
s<di-bromo>aniline.— 8. From m-di-nitro-benzene 
vid tn-niiro-aniline, 9n>bromo-nitro- benzene, 
end w-bromo-aniline (K.).— 4. Together with the 
p- isomeride by tho action of Br on benzene in 
presence of Al.^Cl,, (Leroy, Bl. [2J 48, 211). 

Properties. —lifiH not been solidified. Yields 
with HNO, two nitro- derivatives [02®] and [83°]. 
Sodium acting on an ethereal solution forms 
diphenyl, C^^Hj.Jlr, [220°] and Cjgll^joBr^ [250°], 
(Gold.sehraiedt, M. 7, 45). 

p-Di-bromo-benzene CJIJlr^ [1:4J. [83°]. 
(213°). H.V.S. 127*8 (Schiff). 

Formation. — 1, By bromination of benzene 
or bromo-bonzeno (Couper, A. Ch. [.3] 52, .303 ; 
Kicho a. B6rard, A. 133, 61 ; Ilieso, A. 164, 102 ; 
Jannasch.H, 10, 1355).— 2. From^J-diazo-bromo- 
bonzono i)crbromid0 by heating with alcohol 
(Orlnss, C. J, 20, 00).— 3. From p-bromo-pheuol 
and PBr, (A. Mayer, A. 137, 213).— 4. From bon- 
zeno, Br, and Fe^Clu (Schoufelen, A. 231, 188). 

Preparation. 1. By treating benzene with 
Br and a little I. — 2. Bromine (300 g.) is added 
slowly to benzene (210 g.) and AlCla (30 g.). 
On adding water in excess, tho product de- 
posited consists of crystals of the para- com- 
pound, with an oil, consisting chiclly of the 
meta- compound. This oil, however, contains 
some para-di-bromo-benzene in solution. To 
separate this, tho oil is treated with fuming 
H.HO4. The meta- derivative is easily sulpho- 
iiuted in this way, but the para- is not affected. 
On adding a largo excess of water, the solid 
C„H,Br,j [1:1] is ppd., and tho clear solution of 
the mcta-sulphonate distilled with steam gives 
C„H,Br, [1:3] (Leroy, Bl. [2] 48, 211). 

Propcrtic.'i . — Prisms or idates, isomorphoin 
with p-di-chloro-bc'iizeno (Frii'del, Bl. [2] 11, 
38). Huhlimahle. SI. sol. alcohol. 

^lieaction.s.—l. Heated for 30 minutes with 
Al,Cl„ (' part) giv(!s C,.lI.Br, C,Jl,Br, [1:3], and 
two trihromobenzenos.C.jl [1:2:1] and [1:3:6] 

; (L.).- -2. UNO;, forms a nitro- derivative [85°].— 
3. In ethereal solution sodiain forms di))henyl, 
di-ph«‘nyl-henzoiic, and C„H,,Br^ [265’] and 
C,,H, ,Br., [300’] (Biese, A. 161, 164; Gold- 
sclimiedt, M. 7, 42).— 4. Mt'I and Na form j?- 
xyleno.— 5. NaOFt at 130° gives CyII,BrOEt, 
bromo-benzone, and benzene (Halbiano, 0. 11, 
401).— 6. NaOMe foriihs C,.H,BrOMe, C«H,(OMe), 
ana C,H,(OM.>)(OH) (Blau, .1/. 7, 621).— 7. Con- 
averted by cone. 11.80, into tetra- and hexa- 
biomo-bcnzeno {Herzig, M. 2, 132). 

c*Tri . bronio - benzene 0.^11, Br, [I*.2;3]. 
Mol. w. 315. [87°]. From (l,3,6,2).di-bromo- 

nitro -aniline vid tri-bromo-nitro-benzene, and 
tri-bromo-aniliuo (KoFiier, G. 4, 401). Tables 
(from alcoholf; may be sulTiimed. 

^ s-Tri-bromo-Benzene C^ILBr, [1:3:5]. [119°]. 
(278^^. Format ion.—l. From ordinary tri- 
bromo-aniline (Stiiher, B. i, 356; A. 165, 173; 
Keinke, .4. 186, *271; Biissmann, A. 131, 206; 
Silhor*tein, J. pr. [2] 27, 101).— 2. From (1,3,6)* 
di-bromo-anilino (K.).— 3. In small quantity by 
the action of light on bromo-acctyleiie (Sa* 
banojelT, /. B. 17, 176). 

Properties. (from alcohol) ; al. aol. 
alcohol. Boiling cono. H^SO, forma beza* 
bromo-benzone (Herzig, M. 2, 197). NaOMc 



BROXO-BENZENE SUtPnONIO ACID. * 8M 


foima 0«H«Br,(0H) and 0|H,Br;i0M6 [77^ (Blati, 
3f. 7, 621). 

u-Trl'bromo-baniene 0«H,Brj [1:2:4]. [44®]. 
(275®). Formation,-—!. From hexa-bromo- 
benzene and alcoholic KOH (Mitscherlich, P. 
35, 374; Lassaigne, Rev. Scient. 5, 3ll0). - 

2. From (1,3,1)- di-bromo- phenol and PHr^ 
(Mayer, 137, 224). — 3. From (l,3,4)-di-bromo- 
aniline (Griess, Tr. 154, GG7). -4. From o-, w-, 
and di-bromo-bon/.ono by nitration, reduction, 
and diazotisation (K.).— 5. Got from each of 
Ihc dibromobenzeiu s by heating Avith water and 
bromine at 250® (Wroblewsky, A. 192, 220). — 

G. From benzene, bromine, and FeXl^ (Schen- 
felen, A. 2.31, LSS). — 7. As a by-product, in 
the preparation of C„II J5r. by the action of lir. 
upon C„Hy in pivsenco of Al-Clj (Lerov, Bl. [2j 
48, 213). Prop,rti,'H. -Xe.nlhls ; si. soh alcohol. 

s-Tetra-bromo-benzene C,.II,Hr, [1:2: 1:5;. 
Mol. w.. 39 4. [175 1. Fonn<(tuKi.—l. From p- 
di-bromo-benzene and Hr at 150® (Hicho a. 
B6rard, A. 1.33, 51).-— 2. Froin u-tri-bromo-ben- 
zene and Hr, .3. From nitro-benzeno and Hr 
at 250® (MeytT, B. 15, |r»L--4. From bcn/cno 
(30 g.), Fcdll.j (5 g.), jDul bromine (210 {.’.) ; tho 
mixture must bo cooled (Sohenfr-b ri, .4. 2.31, 1.S7). 
Properties. - A lonri nctidlc.s (from ab'ohol). 

w-Tetra-bronio-bonzcno CJl.Hr, fl:2:.3:.5b 
[98’5®]. (329 '). Forma! ion.—L From ( 1,3, 5,2)- 
tri-bromo-pheiioland PlJr,, (Korm r, .4. 137, 21.s; 
Mayor, A. ].>7, 227). -2, From (1,3,5,2) Iri- 
bromo-aiiiliiH! i Wtir.slcr a. Nollitu', B. 7, 1501; 
V. V. Uicbt.T, l). S, 1 128 ; Silberst.-in, /. /»/•. \'1\ 
27, 118). .3. From CJIHr,S< »,ll by hoiiliii;' 

with HC! (Hi.i-iJuuiM, A. 191, 224). -4. One of 
tho products olilained by licating tri bnuno- 
diazo-bonzeiio nitriil(; with benzene (Sill^er.-tein, 
J. pr. [21 27, 110). J*Ki/ier!ies. -fjong m edics, 
V. si. sol, ii!.‘oliol. UNO., (S.G. l’.50| gives a 
nitro- derivative ['.it;®]; fumingllNO, (S.G. 1’51) 
gives a di-nitro- derivative [228®]. 

Tetra - bromo - benzene C„lLHr,. [loO®]. 
From p-nitro benzoic acid and Hr at '280' (Ilal- 
ber.'d.'uU, B. 1 1, 911). Needles (from alcohol). 

Tetra - bromo - benzene CJFHr,. [138®]. 
From p-di- bromo. benzene and boiling cone. 

H. ,SO, (llerzig, ,17. 2, 195). One, if not both, 
of tlie two last-rn' iitioned bodies i.s, doubtles.s, u j 
ini.\ture. 

Penta-bromo-benzene FJIBr.,. Mol. w. 473. ] 
[200®]. Formation.— \. From Hr and nilro- ; 
benzene or di riitio benzene at 250® (Kekule, A. j 

I. 37, 172). 2. I’l’om ,s-tri-bronio-bonzeno and 
fuming H..SO, at 100®(Hiisjm:inn, J. 191,208). — ] 

3. From ali/.arin and Hr! at 2.50® (Die.lil, B. 11, ; 

191). Properties. -Silky needles; v. si. sol. j 
alcohol, sol. benzeno. j 

Hexa - bromo -benzene C„Hr„. Per-bromo- ■ 
benzoic, [above 31.5 ]. Forma tiisn.~l. By tho j 
action of Br conlainiiig I npoii benzene, toluene, J 
or benzene-azo-benzoue at 25ir 100® (O'cssncr,^ 
B. 9, 1505). 2. From tetra • romo-quinonc? an<l 
PBfj at 280® (UuolT, R. 10, loii). - 3. From p-di- 
bromo- benzeno (or tri bromo-benzene) and cone. 
1FS0< (Herzig, .17. 2, 192). — i. By heating at j 
3<W° por-brorao-methane, iter-bremo-ethane, per- j 
bromo-butunc, per-bromo-peutane, or per-oromo* 
hexane (Merz a. Woith, B. 11, 2235).— 5. By I 
beating benzene with bromine and Al^Br,.— 0. i 
By heating pcntabromo-phcnol with PBr. at 2G0® I 
(Mera a. Weith.B. 18, 2890).-- 7. From bromine 


(800 g;). Fe,01« and benzene (17 gd iu the cold. 
Good yield (110 g. instead of 119 g.) (Soheufelen, 
A. 231, 189). Properties, — Long needlea (from 
toluene). V. si. sol. alcohol and tolneno. 

• BROMO-BENZElfB o-SVIPHONIC ACID 
0,^H,Br.SOJI [1:*2]. From o-.amido-benzene sul« 

! phonic acid (Benulsen a. Limpricht, A. 177, 101 ; 

; Bablmann, d. 181, 203; 18G, 315). Long deli« 

; t^uescent needles ; v. e. sol. alcohol. - -NILA', — 
i K A* up — BaA'j aq. — Da A'. 3a(p — CaA', Mq. — • 

I PbA'.. 3a.p -AgA'. 

I Chloride C,.lI,Hr.SO,Cl [51®]. 

Amide CrilljBr.SO.NlL [18G®]. 

I Bromo-benzene ?a-8ulphoiiio rcid 
j C„fT,Br.SOaII From amido-benzono m- 

‘ snliilionic acid (HiTiuhcn, .4. 177. 92). Formed 
ftleo by brominatiug benzene siilpbonin acid or 
il.s .silver salt (Itoss Garrick, /. [2] 5, 519 ; Gen/., 
Jk 2, 405; Nftlting, B. 8, 819 ; Thomas, A. IHG, 
133). Very doliquoscent. KA' acp S. (of KA') 

4- 4 at 0®. Pb.V., 2.aq.— PbA'j 3a(j. -- S. (of PbA'.J 

5- 78 at 7®. -HaV..2aq. S. (of BaA'.) 3-5 at 14®. 
CuA'.. AgA'. 

Chloride O.H.Br.SO.Cl. Oil. 

I .l/UM/e CJLHr.SO.Nlf,. [154®]. 

i Bronio-beiizcne- p sulphoiiic acid 

I C,.lI,Hr..SOjH [J:l][88®|. Deliqiie, .-ent needlei. 
F<>rmafion. — 1. By sulplionatiug bromo- 
benzene with 11.80,, 0180,11, or SO, (Conper, 
('. Jt. -15, 23(1; Boss Garriek, Z. \'i] 5, 549; 
Ann-tr.mg. 12] 7, 321; Ndltiug, B. 8, 594).— 

2. Immih p-ainido-beuzenosulphonio aeiil (Moyer, 
A. luG, 291 ; Berndsen, A. 177, 92). 

lt< Tho K salt distilb'd witli K,FcCy, 

giv( s lereplillmUmitrilo. 

Salts. (Goslieb, B. 8. .352 ; .4. Isi), 93).-- 
Nil, A'. KA'. CuAV-^i»9- IhiA',. l'b.\V2aq.— 
PbA'.. Gaq. OiiA'., Gai|. AgA'. 

Chloride G,dI,Br.SO',,CI. [75®]. 

Amide [104®] (Hiissmann, A. 191, 247). 
AcfUil'amide C, Il,Hr.S().NHAe, [199®]. 
AntHde CJ 1 .Br.Sa.NHPh* [119 ’]. 
Bromo-benzeno di-sulphonic acid 
I C,Il3Br(80jIi).j ^1:3:4?]. From the cormspond- 
, ing amido-boiizenc disulplmnic field (/aiidei, A, 

[ 198, 28). Deliquo.sccnt needles.- lift A'' 3fi<p - 
PbA"aq. 

Chloride C.,ILBr(SO..CJ)., [101®]. 

Amide C,JI,Hr(SO.,NilJ., 1210 ]. 

Bromo -benzene di-sulphonic acid 
C,H,Hr(80.!I), [1:2:4]. 

Formrthpi. — 1. From tho corresponding 
amido benzene disulpbonic neid (Zandn', A, 
19H. 10).— 2. From bromo benzeru' /y-Kuli/lionio 
acid and SO, at 210® (.NOlting, B. 7, 1311). 

Properties. — SJcnd(3r deliquesef nt m f dies. 
K^A"aq. - BaA"4aq. K. (of BaA") G at 22®. — 
Ag,A" 

Chloride Cjr,Br.Tn Cl), [10.3 'J. 

Amide CJLi{r(^SOa'' [239®]. 
Bromo-bonzene di«iul^imnio acid 
CalLBr(SO,JI).^ [1 or 4:5:3], From tho corre* 
Rjioiiding aiiiido - benzene disulplionio acid 
(lleinzelman, A. 188, 177). deliquescent needlea. 

S a 1 1 .s. - (N 1 r ,),.A".--Ba A"2 iaq. -PbA" 2laq. 
Chloride C. rLBr(SO,Cl), [99®]. 

Amide C,ILdr(SO,NfL)j [245®]. 
o-Di-bromo-benzene lulphonic acid 
0,H,Br,,(SO,II) [1:2:3]. From the corresponding 
di-amido-benzene lolphonio acid (Saenzot A. 
188, 153). Deliquescent prisms. 





S. {o! BftA's) ?«rtf it into &e 
'14datlO^,*-Cfti^3sq«~-FbA'i8A^ 658). 

Chloride O^Brt.SOfil [137^. m-Dl-bromo^boniane (U-inlpliOBio aeid 

Amide 0,H,Brj.S0aNHj [215°). C,H^rj(SO,H),. PromO,Ha(NO^,(SO,:^,(Lim« 

o-Bi-bromo-bensene lulphonio ae£d * pricht, B. 8, 290). Deliquescent. 

C«H 3 Brj(SO,H) [1;2:4J. [07 'J. From silver p-Di-bromo-bensene disulphonio acid 

broino-benzene m- or p- sulphonato and bromine C JIj,Br.^{S 03 H) 2 . Formed by sulphonating p-di. 
[liinipricht o. Goslich, A. 18C, 145). From bromo-benzene (Borns, A. 187, 306). Small 
CgH4lr(NHa)SO,H by diazo- reaction (Langfm^h, coIiimns.—KjA".— BaA" 4|aq. 

A. 191, 170 ; Spiegelberg, A. 197, 203). The free Chloride CttH.^r«(SO,.Cl) 2 . [161°]. 
acid cry Btallisea with 3aq [68°]. Amide C JI.^Br.^(SOaNH.Jo. [2 10°]. 

Halts. — KA'. — NH^A'. — BaA '2 2aq. ~ Tri-bromo-benzene sulpbohic acid 
BaA',.3aq. S. .(i)f BaA',) *3 at IR-CaA^- C,n,Br, 80*11 [1:3:6:0]. [145°] (anhydrous). 

rbA'.;2aq. S. (t)f PbA'.^) *20 at 7°.— AgA'. Formed by sulphonating 5-tri-bromo-benzeno 
Chloride CJl 3 Br 3 SO,Cl. Oil. (Reinke, A. 186, 271; Biissmann, A. 191, 200). 

Amide CJI*Rr,SO.,Nll., [175°]. Abo from C,H(NH.,)BrsSOsH [1:2:4:0:3] by diazo. 

m.Di-bromo-benzene sulphonlc acid re.-iction (Langfurth, A. 191, 191). Six-sided 

CJIJlr^lHO*!!) [l;3;r>j. From dibrominated o- • tables (containing aq) [95°]. IVator at 180° 
orp. atuido-bonzene sulphonic aeid by the diazo- forms Il.SO^ and s-tri-bromo-benzc*ne. 
reaction (Limpricht. h. 8, 1000; A, 181,201; , Salts.-NII.A'aq.-KA' 3aq.-KA'aq. S. 
Hchmilt, A. 120. 15H ; Lenz, A. 181, 23). It in ' (of KA') ‘81 at 6-5 (B.).-BaA'./Jaq. -BaA'.Oaq. 
also a product of the action of cone. H .SO, on , — BaA'.2aq. S. (of BaA'.,) -41 at 5-5° (L.) ; *22 
bromo-benzone (Herzig. .1/. 2, 192). Crystalline. ‘ at 7-5° ■{B.).*-CaA'.,8aq. *S. (of CaA',.) 1*95 at 7° 
Salts.-- Nil, A'.-KA'.—BaA',3.)aq. S. (of (L.) ; 3-5 at 2-5° (B.).- C!aA'..4aq.— CaA'»7aq.— 
BuA,) -28 at 18°. — CaAV'llaq. — PbA'j l|aq. PbA'^aq. - PbA'..9aq.- PbA' '2aq. S. (of PbA' ) 
S. (of PbA',) -21 at 18°. ; -jjo at 7° (B.).-Ag.V aq. 

Chloride CjgiivSO.Cl. [67-5°]. j Chloride, C.,H,,Br,SO,Cl. [C5°J. 

midc CuIf3jJr3.SO._,NII.M [203°]. Amide, CaII..Br 3 SO..N fl... Decomposes 

)/i Di-bromo-bonzeno 8ul phonic acid ! above 220°. 


CHll,,Br.S().,H [1:3:4J. [80° when hydrated]; 

[110° anhydrous]. From CJI,Br,.(Nli2)SOJI 
[l:3;l;t>] by diazo- roaetioi* (Langfurth, A. 191, 
184 ; Bii.Hsniaun, A. 191, 232). Slender deli- 
quescent needles (containing aq). Sol. alcoliol, 
insol. ether. With IlBr at 1K() > gives ll^SO^and 
W-di*bronio-benzeno. 

Salts. --NII.A'.-KA'. -BaAV2inq (L.). - 
BaA'/Jini (B.). S. (anhydrous) 2 at 10° (L.) ; 
1 at 20° (B.). ‘ CaA^.'Jaq. S. (anhydrous) 
3 34 at 10°.--PbA'.j3aq. S. (anhydrous) 1*43 
at8°.-AgA'. 

ChlorideCAl,BT,HO.,Cl [79**]. c 
A nnV/c C.,Hjh\,S(LNii,. [190 '] (anhydrous). 
p-Di bro:r»o-bon2tno sulpbonic acid 
0,H,,Br3{SO*H) [1;4:2J. [128°]. 

Formation. 1. By broniination of silver o- 
or ni-bromo-bonzmie sulphonale (Bahlniann, .4. 
181,200; Linipricht, A. 180, 1.39).— 2. By snl- 
phonation of /)-di-bronio-henzene (Ihniglas Wil- 
liams, Z. [2] 7, 302; llnbner a. Williams, .4, 
167, 117 ; Wolz, A. 108, 81). — 3. From nitrated 
bronio-henzone o- or m-sulplfonic agid^Thomas, 
A. 186, 129; B.).- 4. From brominated amidu- 
benzene o-sulphonio acid (B.). Prisms (con- 
taining .3aq), 198°J. Cone. HBr at 250° gives 
11.380, and p-di-bromS-bonzene. 

Salts. (rt\ Borns, A . IW, .350).— NH«A'.— 
NaA' 1,’aq. KA aq. S. (of KA') 5-79 at 21°.— 
AgA'lUq. AgA'3aq. S. (of AgA') 1-09 at 
10°.— BuA',. S. 101 at 16°.-BaA'..aq.— 
BuA'pJaq.- BaA', .5aq.- CaA', 4aq. S. (of CaA'.,) 
5-90 at 22°.-CaA'.,5aq.-CaA',10aq. PhA'.,3aq. 
S. (of PbA',) 2*56 at 21°.-- Pb.V.daq.-CuAMlaq. I 
CAfort(/#C.H,nr.(SO.Cl): [72°], * j 

Amide Cj,lI,Br,(s6,,Nli,). [193°], I 

Anhydride (d„HjBr,SO,),0. Obtained by 
the action of fuming sulphuric acid upon p-di- 
bromo-benzone. Amorpnous powder. Nearly 
Insol. alcohol, ether, and benzene. By boiling j 
alkalis it is eonvertod into salts of the acid; 
wy slowly attacked by boiling water. PCI, oon- 


Tri-bromo-benzene sulpbonic acid 
C^HjBra.SOjH [1:2:4;5J. [110° anhydrous]. 

From (1, 2, 4, 5)- or (2, 4, 1, 5)-di-bromo-amido- 
honzone sulpbonic acid by diazo-reaction (Lang- 
furtli, A. 191, 188; Reinke, A, 186, 288; Knuth, 
4.186,303; Spiegel berg, 4. 197, 282). Needles 
(eontaiuing 3aq) [80°j. With IlBr at 200° gives 
H,80, and CJI.Br* [1:2:4]. 

Salts.— Nil, A'aq.-KA'aq. S.(ofKA') 1*03 
at 20° (B.) ; -77 at 22° (S.).- BuA'.,3aq. S. -122 
at 12°. — BaA', 2aq. — BaA', Ouq. -CaA'.. 6aq. — 
Pl)i)/,4aq. AgA'. 

Chloride. - C..II,Br*SO,Cl [80-5°]. 

: Ami d <?.- C„H,BrjS(3.,NIl , [c. 225°]. 

Anhydride *(CJi,Br;,.S0,),0. Obtained 
by the action of fuming sulphuric acid upon 
tri-bromo-beuzeno (1:2:1). Amorphous powder. 
Almost insol. alcohol, ether, ami benzene. By 
boiling aqueous alkalis it is converted into salts 
of the acid ; only very slowly attacked by boiling 
water. PCI* converts it into the chloride (v. 
s//pro) (Rosenberg, B. 19, O.Vl). 

Tri-bromo-benzene sulpbonic acid 
/^ulfaBrjSO,!! [1:2:3:5]. From di-brominated 
amido-benzene p-sulphonio acid (Lenz, B, 
8. 1067; 4. IS I, 20). — NH,A'. - KA'.- 

CaA',2 U(i. S. -39 at 20°.-BaA'.3 3aq. S. (of 
BaA',) -021 at 18°.— PbA'., 3.kq. S. ‘OoO at 21° 

Chloride CJfBvSd,Cl. [127°J. 

Amide CjU,Br.,S ;,N1L [210°j. 

Tri-bromo-benzene sulpbonic acid 
^^..UiDrjSOjH [1?;2:3;51. From silver (1, 2, 4)- 
di-bromo-benzene sulphonate and Br (Ooslielj, 
4. 186, 154). la perhaps identical with tits 
preceding.— BaA', 3 Jaq. 

Chloride [121®]. Amide [162°]. 

Tri-bromo-benzeae sulpbonic acid 
Cj,II,Br,SO,H [1:3:4:5]. From nitrated (1,8, 5)- 
di-bromo-benzene sulphouio acid (Lenz, A* 
181, 39).-KA’aq.-BaA',aq. 

Chloride C, HBr, SO, Cl. f80°]. 

4 m t C^HsBr.SOaKH,. Dlaekens at 988*. 





Possibly identioai with the pro* 
SMing. From nitrated (1, 4, 2)-di-bromo benz. 
ene solphonio acid (Boms, d. 187, 364).— 
KA' 8 Jaq.-~BaA',2aq. 

Amide [above 220®]. 

Tri-bromo-benzene sulphonio acid 
OfH^rsSOjH. From silver bronio-ben/one o- 
lulphonnte and Br (Bahlmann, d. 181, 207). 

Chloride C«HJlr,SO..Cl. [56°]. 

Amide CgH,Br,SOjNn,. [202°]. 

Tri-bromo -benzene snlphonio acid 
C,HjBr,SOaH. Formed at the same time as the 
preceding (B.). 

Chloride CHlI..Br,SOXl. [72°]. 

Amide CJIJir.SOjNlL [187°]. 

Nine tri-bromo-benzene sulplionic acids are 
here described, but only six are iiulicatod by 
theory. 

Tri'bromo-benzene di-snlphonio acid 
CgHBr,(SOsII) 2 . From benzene m-di -sulphonio 
acid by nitration, reduction, bromination to 
0 aHBr 2 (NH .)(SO,H )2 and diazotisation (IIoiiv/.Ld- 
mann, d. 18S, 183). -Salt: K^A". 

Tetra-bromo-benzcne-sulphonic acid 
CJIBr^SOjH 5aq [l:2;3:r).6]. 

Formation. — 1. From C„HBr,(NIT,)SOJI 
[l:3:5;4:r)] by diazo- reaction (Ih'cloirts, d. IHI, 
210; Langfurth, d. 101, 100; Knuth, d. isO, 
220; Uoincke, d. 180, 2. From OJI Itr, ! 

and H^SO, (Biissmann, d. 101, 223). Neodle.s. ; 
Not hygroscopic but v. sol. alcohol and wator. j 
— With cone. IlHr at 150° gives ; 
ILSOiand (1, 2,3, Sj-tetra-bromo benzene [OH'.V ;. ! 

' Salta. - KA'. S. *G:{ at 6°. BaA'. . S. •37 : 
at 12° (L.); -16 at 15° (Ba.).-BaA'.l.'.aq. - 
CaA'jBaq. S. (of CaA'.) ‘54 at 3°; •6<5 at 10° 
(Bii.). — NII,.V: — rbAC.PbO Oaq.- -FbA',. lAaq. 
S. (of rb.V',.) *80 at 11° (Jhi.).— rbA', laq. 

Chloride C„HBr,SO,,Cl. [06°]. 

Amide Ojn3r,SO;jNIL, Minute ncOilos. 
Not melted at 300°. 

Tetra-brorao-benzene sulphonio acid 
C,HBrdSO,H) [1:2:3; 4 :5j. [160°]. From ; 

(l,2,3,5)-tri-bronio-l)en/eno sulphonio acid hy ' 
nitration, reduction, ajid diazotisation (Lenz, .1. ; 
181,23). Also in the same way from (1,2,4,.”))- ^ 
tri-bromo-benzeno sulphonic acid (Spicgtlbcrg, 
d. 197, 202). Lamina! (containing 2aq). 

Salts.— KA'aq. 8. (of KA') -104 at 11°.— 
Nn,A'. S. -Orjut ll°. -BaA',aq. 8. (of BaA'.) 
'0204 at 10-5°.--CaA'..3a(j. 8. (of Ga.A'^) *150 
at ir.--rbA',3aq. 8. (of PbA',) OlHl at ll'’. 
-.\gA'‘aq. 8. (of .\gA') -Mt; at 11 '.-AgA'aq. 

Chloride C,HBr,SO.Cl. [120°]. 

Amide CJlBr.SO.Nli,. Turns brown at210°. 

Penta-bromo-bonzene s'ulphonic acid 
O^Br^SOjU. 8 . ' 5 18 at 10 °, ^ P'rom either 
tetra-bromo-amldo-t)rnznno sulphonio acid bv j 
iiazo* reaction (B»ckurls, d.*181, 220; Heiiit! 
zelmann a. Spiegclberg, .J . 107, oOO; Lanjffmiu, I 
A. 191, 205). Needles or plates (containing a-aq). ■ 

Salts.— NH, A'. - KA'aq. S. (of KA') ’116 at 
10-5°.— CaA',4aq. S. (of CaA ,) -78 at 14°. - 

BnAA eq. S. (of BaA',) 00.88 at 13°.- BaA', 1 laq. ; 
AgA'l^aq. ' j 

Chloride C,Br,SO,Cl. [154°]. 

Amide C^Br^SO NH . Decomposes at 250°. 

BBOHO-BENZIDINE r. BkoMO-PI- AMIDO- 1 

paaMTih I 


O.BB0XMXFZ0I0 ACZF C^tOt U 

q34Br.CI0it.Cl;9> Mol. wTloi. fl48*l* 

Formation.— I Prom o-amido-benzoio acid 
Richter, B. 4, 465).— 2. By heating 0,H^Br(NO,) 
[1:3] with KCy at 180° (ll.).~-3. By oxidation 
of o-bromo-tolueno (Zinckc, B. 7, 1502 ; Babliz, 
d. 198, 99), o-bromo-diphenyl (Schultz, d. 207» 
3.53), or o-bromo- benzyl alcohol (Jackson a« 
WHito, dm. 2, 316). 

rropertics . — Long needles (from water) ; m. 
sol. water, v. sol. alcohol, and ether ; slightly 
volatile with steam. 

Salts. - BaA',.-BaAA2HvFt.-CaA',3aq. 

— KA'2aq. — ZnA'., — PbA'.HOKt. — CuA'.aq. 
[257°].— llCX’uA'. ' 

Methyl ether MeA'. (247°). 

Ethifl ether EtA'. (255°). 

Anilide C,H,Br.CONPhII. [142°]. 

m-Bromo-benzoio acid CJ{,BrCO..U [1:8], 
[165°]. (280°). 

Formation. — 1. From AgOBz and Br 
(iVligot, d. 28, 246; Angerstein, d, 168,2). — 

2. From hnizoic acid and Br in tho sunshine 
(Herzog, A'. Br. Arch. 23, 16) or by boating 
iln in with water at 100° or 160° (lUnnocko, Z. 
1865, 116; 1N69. 100; lltibner, A. 143. 233 ; 
ll'.», 131). 3. By healing benzamido with Br 
: ami water (Keim eke, Z. 1806,367; Friodbiirg, 
j >1. 158, 21)). 1. J'rom ra-amido-benzoic acid by 

' di.i/.ti- reaction ((Jricss, d. 117, 25 ; Hlibner, d. 

■ 222, 1(H)). .5. From CJf,Br(NO,) [1:4], KCy, 
i and alcohol at 200^ (Uichter, B. 4, 464).— 

: 6. By oxidalion of 7;t-bromo- toluene (Wro* 

! blewsky, Z. [2] 5, 332 ; d. 168, 156) or m-broino* 

benzyl alcohol (.Jackson, Am. 1, 93). - 7. By 
the action of a liot solution of cni)rous cyanide 
in ])nlassium cyanide upon ?a • broino -diazo- 
hciizciie -chloride, (from m-broiiuniilim!), and 
saponilication of Iho crude nilrib* (Saudmoyet, 

B. 18, 119'»). H. From m-di-bronu) benzene, 
ClCO,>^, tti? i Na (Wurstcr, d. 176, 119). 

76o.' -Cry talline ; very slightly vola- 
tile with steasu ; k 1. sol. water, v. sol. alcohol. 

I Brachous. 1. Botash -fits ion gives in- and 
' a lilllo o- o.\y-ben/.oic acid (Biclilcr, Z. 1860, 

; 157 ; B.ulh, d. 159, 236).— 2. The K salt fused 

■ with snilium formate gives i80])htbalio acid 
(V. Meyer a. Ador, d. 159, 15). 

Salts. -CaA'.^3aq. - BaA'... Jaq : needles. 

Methyl ether Mc.V. [32°j. 

Ethyl ether y.iW (259°). 

Pheniji ether I'hA'. f65°]. 

Chloride C.,lI,Br.COCl. (239°). 

Amide CJI,Br.r()Nir.. [150°]. 

Mil rile CJl.BiC.V. [38°]. (225°). From 
the amide (Engler, B 1, 708). Formed also by 
the action of a hot solution of pota.ssium cu* 
}'rous cyanide upon ur-bromo-diazo- benzene 
j ciiloridfi (from 7» bro?i^ .uilino) (Sundrneyer, 

I 18, 1 190). * 

I p-Bromo -bonzoie arid CJl,Br.COJI [1:4], 
[251 J. Formation. — 1. By oxidation of p- 
biomo toluene (llubner, A. 143, 247; Jackson a, 
Kolfe, Am. 9, 81), p-bromo ethyl-benzene (Fit- 
tig a. Konig, d. 114, 283), or /j-bromo-benzyl v 
I bromide (.Jackson, Am. 1,93). - 2. From p-bromo- 
aniline vid p-bromo-lbio carbimidc, the laitei 
when heated with copper at 190° giving p. 

bromo-benzonitrile (Woith a. liiindolt, J9. 8, 71^, 

I Froperfie#.- Small needles (from ether) or 



BROMO-SEIfZOrO ACID. 


p\ate« (Irm t^ater). V. il. lol. water, ▼. sol. 

alcohol and ether.—AgA'. ' » 

Ethyl ether EtA' (236° uncor.) at713 mm. 
Fonned, together with p-bromo-benzyl-alcohol, 
by boiling ;).bromo -benzyl bromide with alco- 
holic KOH (KlLs, J. pr. [2] 84, 341). 

rheni/l ether VhK'. Scales. 

ryroijallyl (l«H,A',. [140'^]. 
Chloride. (30^J. (21C°). Needles. , 
ylmi./rC..H.Br.CONlL [186"]. 
^»t/;V^cO.,II,Br.CONHiH. [107;]. Plates. 
On nitration it gives a dinitro- derivative. [214"J. 
(Ibiveill, 17B)- 

Anhydride {GJlfirCOyP- From 

;>-ln oino-l>enzoyl chloride and sodium ^-bromo- 
biinzoate (.1. a. U.). Minute oblong rectangular 
plates (from CMCl,,). Insol. water. Converted 
by liot IIOKt into the ethyl ether. 

Dl-bromo bcnzoic acid CJljBrXOall [1:2;3J 
[147"]. From (a)-bromo-amido-benzoic acid 
[1;2:3| by diazo- reaction (iliibner, A. 222, lOd). 
From (1, 2, 3)-di-bromo-tolucne (Nevilo a. Win- 
ther, 1). 13, 1165). Silky needles (from water). 
V. sol. lint water. Heated with ILSO, (3 vols.) 
and 11/) (I vol.) at 225" it gives n di-hrom')- 
bonzone [2lH r>''*). 

Salts. HaAVliaij. S. (of Ihi.V,) 414 at 
16”. SrA'..4H<]. A'CuOil.— KA'.raii. 

This iieid is perhaps identical with the di- 
bromo-benzoic acid [148"J prepared from o-nitro- 
henzoio acid, Hr, and water at 200" (Clau.s a. 
Lade, 11 11, 1170). 

Di-bromo-benzoic acid C/I;,Hr/’(),|[ [l;l:3\ 
[153" j. From (/))-l)romo-amido-l)rn.'.oic aci*! 
11:4:3] hy passing nitrous acid gai into a mix- 
ture of the acid, llHr, glacial acetic acid and 
alcohol (Hiilmcr, A. 222, 108). From nitro-p- 
di-bromo-henzeno and alcoholic KGy (Uichter, 
]i. 7, 1146). From (I, 4, 3) di-bromo-tolm iie 
hy oxidation (Nnvilo a. Winther, li. 13, 116.3). 
Long silky ma'dles (from water). Volatile with 
steam. Heated witli H .SO, (3 voVs.) aG<l water 
(I vol.) at 225 ' gives ;>-di-bromo-bonzene |H0 '1. 

Salts." Ihi.V^ 1 \a(j. --SrAVla<i. — Zn.V;,.. 
Oa.\'./lJa<|. • K.X'uq. 

This acid is ])rol>ahIy identical with the di- 
bromo benzoic acid from o-nitro benzoic 

acid, Itr, and water at 200' (Claus a. Lade, Ji. 
14. 1170). 

Di-bromo benzoic acid C,.H,Br.CO/I [1:3:2]'?. 
( 150" -107 'J. By oxidising di bromo-tolneno 
from di-bromo m-toluidino,* [O.V'J (Mevilo n. 
Winther, 37, 4 U). 

Di-bromo -benzoic acid 0/1, ,Br .CO/I [1:3:4]. 
f 160 ’]. By oxidising di-bromo lolueno from di- 
bronm-;n-tiilnidino [V6"J (Nevile a. Winther, 
C\./. 37, 111). »• 

Di-bromo-benzoic acid C H.Br.-GO.H fl:3:.5] 
[207'' 210 ■ ; (N. a. \V.); [200 ’; (B )'; [214"] (U.). 

/''eri/mfeoj. - 1. By oxidation of di-bronio- 
toluone from df^bromo-p-toluidino (73"] 

(Nevile a. Winther, J. 37, 437).— 2. F’rom 
ta-di-bromo-benzene by nitration and treatment 
with alcoholic KCy at 250*" (V. v. Richter, B. 8, 
li23)."3. From di-brominated jt^-amido-bonzoio 
acid (Boilstein a. Geitner, A. 139, 4). —4. From 
C„Ll,Rr(NH,)CO/l, aqueous HBr (S.G, 1'48), 
glacial acetic acid and N^O, at 15" (Hesemann 
a. Kohler, A. 222, 171). 

—Plates (from aloc^iol) Needles 
(from other solvents). 


Salts.— BaA'; 4aq. -CaA', Saq.^OdA'f 4i 
— 0aA',6aq.— NaA'aq.-CdA'a 4aq. 

Di-bromo-benzoic acid C^H^rjCO-iH [l;8:a 
[223"-227"]. Formed by heating benzoic aoi 
with Br and water at 220" (Angorstein, A 
158,10). Needles.— BaA'a2aq. 

Di-bromo-benzoic acid C<iH,Bi.,CO/I [1:2;4‘ 
[229"-230 ’ i (B.) ; [233"] (N. a. W. ). 

Formithn. -l. C«H/Jr(NH,)CO.,H [4:3:1] i 
treated with ether and N.^Oa and the diazo- deri 
vativo treated with IIBr (Burghard a. Beutnagel 
A. 222, 184). - 2. By oxidising the corresponding 
di-bromo-lolueno from brominated 2 J-toluidin« 
(Nevile a. Winther, C. J. 37, 439). -3. A product 
j of the action of Br on p-nitro-benzoic, or (1, 2, 4)- 
di-nitro-benzoic, acid (Halberstadt, B. 14, 908, 

' 2215). 

Properties . — Colourless needles (from water), 
tables (from alcohol). 

Salt s.—BuA'j 4aq. — SrA'j 4aq.—HO0uA'.— 
AgA'.— KA'raq. 

Ethyl ether EtA'. [38"]. 

Amide C/IaBr,CONII,. [151"-152"]. 

Tri-bromo-benzoic ’ acid C/LBr 3 (CO.aH), 
[235"J. I’rom rn-bromo-benzoio acid and Br 
(Keinccke, Z. [2J 5, 110). Tufts of slender silky 
needles; v. si. sol. water. -NH,A'. — CaA'^Saq. 

I Tri-bromo-benzoic acid C/l.BrjCO.H. 
i [l:3:r):6J. [187"]. Fromtri-biominatedm-amido- 
i»enzoic acid (Vollbrocht, B. 10, 1708). Needles. 

! — BaA'.a5/iq. 

; Tri-bromo-benzoio acid C/I/3r.iCO.^H. [195"], 
From (I, 2, 4)-di-bromo-bonzoic acid [229"] by 
, nitration, reduction, and diazotisation (Smith, B. 
i 10, 1706). Needles (from alcohol).— I3a A'.,, 5aq. 

! Tri-bromo-bcnzoic acid C/I .Br^i.CO.H. [178°]. 
i From(l,4,5)-bromo-ami'lu-lHmzoicacid (Lawrio, 
I Ji. 10, 170:>), Needles, -BaAVhiq. 

Penta bromo-benzoic acid C,jBr.,Ct)/I, [235"], 
I'r.un tri-bromo-beiizoie acid and Br at 200° 
(Ihj'.nedce, Z. [2] 5, 110). Thin plates or flat 
ii’cdh's (from aleohul) ; thick needles (from benz- 
emO ; v. si. sol, wafer, — NH,A'.-~CaA'.,j Oaq. 

Ni trilc C„Br ,CN. [above 300"]. Obtained 
hv hroiuinating benzonitrilo (Merz a. Weith, B, 
16, '2H'32). 

.)-BR0M0-BENZ0IC ALDEHYDE 

0„ll,Br.CIIO [l:2j. A heavy oil; formed by 
j boiling o-hronio-bcnzyl bromide with aqueoua 
I lead nitrate (Jackson a. White, Am. 3, 33 ; P, A)H, 
A. 15, 269). 

vj-Bromo-benzoic aldehyde C/I,Br.CHO[l:3], 
Oil (J. a. W.). 

p-Brorao-benzoic aldehyde C/I,Br.ClIO [1:4], 
[57 '1 (Jackson a. White, B. 1 1, 57). 

BROMO-BENZOIC 8ULFHIN1DE v. Bnoxio, 
suLriro-iiKNzoic acid. 

BROMO-BENZOPHENONE C,/I,BrO U 
. C„H,.CO.C/I^Rr. [81-5"j. ’From benzoic acidy 
Ubromo- benzene tnd P^^Oj at 190 ' (Kollarits a. 
! Merze II 6, 547). 

: B ROMO-BENZOYL CHLORIDE v. Chloride of 

; BBO.MO.nKNZOIO ACID. 

' BROMO-DI-BENZYL t*. Bromo-di-puenvl- 

; ETHANE. 

o-BROMO-BENZYL ALCOHOL C,H.BrO i.e, 
C/I,Br.CH,.OH. [80"]. Prepared by digesting 
! o-bromo-benzyl acetate with aqueous ammonii 
at 160". Crystallises in white needles. Sol, 

, hot water, ligroin, alcohol, ether, benzol, andCSL- 



BROMCKBOTAI^ ^ia»< 


Tolfttik wHh liMm (Jaekfon Wbit«. Am, % fi^BOXO^BVZTL XBlCAPTAir 
816; B. 18, 1318). Cya^Br.CH^^ [M*^? From |)-broxno>b«nxjrl 

m^Bromo-beatyl aloohol OjH*Br.CH,OH. bromide and slooholio KHS (Ja»Bon a. Harta* 
From m'bromo-benzyl bromide and water at 130'* horn, Am. 5, 3t>8). Crystalline mass; 

(J. a. W.). wdtor and plaeial IIOAo ; sol. alcohol, ether, and 

p-Bromo-benzyl alcohol C,H,BrCH .Oil. {77®J. honzciio. - HKMSC,H,Br)a : sol. liot aloh.il. 
Prepared by boilirtg ;;-broiMo hon/.yi bromide DI-BROMO BENZYL.PHENOL (V,!! 
with water for 3 day.s. Loii;^' clastic trans- ' From benzyl-phenol in (’k. and Ur 

parent needles. Sol. alcolml, ether, benzeno, and (Tan^rjo a. Filcti, O. 3, 2oJ). Amoiphons. 

CS.^ (Jackson a. Lowery, .1 »t. 3, 2 th ; ii. 10, 1200). BE0M0-<) ?-BENZYL-PHENOL S OLPHONIC 

o-BROMO.B£NZYL.AMINEC.,H,nr.CH,NII.,. ACID C.lL.CJl,(01i)lhS(hll. Sa it. K A'.From 
Prepared by acting on o-broino-l)<>nzyl bromide Brand C;lI..C^Uj(OIl)SOJv{Heunii'.('.J. 10,400). 
with alcoholic ammonia at 100^ for 2 hours Bromo- 2 )-bcnzyl-pheiiol sulphonio acid 
(Jackson a. White*, Am. 2, 318). Colourless oil; C,H,.C,.IL(OH)Br.SOjll [l:l;x;2]. 
sol. ether. Salts. — BUCl ; ;^208*’]; needles. — Salt.— KA' (Rennie, C. •/. 11, or)). 

B',H.,PtCl,.— B,TLCO,. {Oo ]. p-BROMO-BENZYL SULPHIDE 

p-Bromo - benzyl, amino CJI.Br.ClI.NlI,. (CJI.BrClL) ,S. [.'50 J. rn iiared by boiling 

From j)-bro]no benzyl bromidt? and cold nlco- p-bromo benzyl bromide with alcoholic Na.S. 
holio Nil, (Jackson a. Lowery, 3, 251). Oil ; LatKO thin plate.s. Aromatic odour. Insol. 
volatile with steam. — B'llCl [100 BMI^FtCl,. water. Sol. etluT, benzene, and CS, (.Iiu'kson 
— B'.H.CO, [131^-133^J : sniiill prisms.’ a. Jlart.shorn, .Im. .>5, 207). 

Di-o-bromo-di-bcnzyl-amine p-Bromo - benzyl disulphide (CJI,BrCH.j)^S; 

(C„H,Br,Cii.);NH. [30'j. From o-bromo-benzyl [HH 'J. Prepared by exj)o.sin;' tin* mereu])lan to 
bromide and alcoholic NH, at lOi)^. Trimetrie j air, and al.<o by aetiiif' on p-hnuno - benzyl 

crystals; in.sol. water (.TarK-^nn a. While, Ai/t. • Imunido with alcoholic Na.S. Ncedlea. Iijso). 

2, 318 ; if. 13, 1210). B ilCl:l00 ’j. j water; sol. ether, henzem*, and CS. (.hiekson a. 

Di.^j-bromo-di-benzyl-amine ! Hartshorn, .O, 200). 

(C,TI,Br.CII,),NJI. [o0"J. — B'lICl [1H3'J. - ' p-BROMO-BENZYL 8ULPHOCYANIDE 

13'Jl,PtCl„ (j. a. W.). ; C„li,Br.SON. [2.'>‘’J. From p-hronio-honzyl 

Tri.o-bromo-tri-benzyl amine(C„H,Br.Clf ).,N. broniid** and jmtassium sulphoeyaniile. Tlio 


[122'’]. From o-bromo-benzyl bromide an<l al- 
coholic Nil, at 100"^ (J. a. W.). Small jirisms. — 

Tri-p-bromo.tri-benzyl-amine(C JI ,Br.CH ) ,N'. 
Crystals (frojo li;.;n»in) [02 ] ; (from etlu-r) (78 J. 
Slender ncedle.s ; the liydrochlorido could not 
be obtained. --B'llBr. [270 insol. water, — 
ByLPtCbi (JneVson a. Lowt rv. Am. 3, 2.72). 

o-BROMO-BENZYL BROMIDE 
C„H,Br.ClI..Br [1:2]. |3U’j. (250 ’-200'). Bi^ 

hroyno-tolucnC: Prepared by lirominatiiu' o- 

bromo-toluono (Jackson, Am. 1, O.'t ; 2, 315; )j. 
13,1218). Very pun};(!nt ; volatile with Kteam. 
Converted in etlu-real solution by Na into an- 
thracene, plienaiithrenc, s-di-phenyl-ethane, and 
other products. 

w-Bromo-benzyl bromide CJI,Br.CILBr [1;3]. 
[41°]. From m-bromo-toluenc and Br (Jackson, 
Am. 1, 93 ; /J. 9, 9.32). Piin<^ent plates ; slightly 
volatile with Bteuin ; very volatile with ethcr- 
Vapour. 

p-Bromo-benzyl bromide CJI,Br.CH .Br [1:1]. 
[63°]. Formed by hrominating p-bronio-tolueno 
or benzyl bromide (Jackson, A m. 1, 93 ; Schramm, 

B. 17, 2922 ; 18, 350). Needles (from alcohol) ; 
volatile with steam; very joingent. Alcoholic 
KOH forms p-brumo-henzyl alcohol and p- 
bromo-benzoic ether (Elbs, pr. [2] 31, 310). 

BEOMO-BENZYL CYANIDE r.* yifrilc of\ 

BnOMO-PHEN'TL-ACETrO ACID. • j 

BBOMO-B E N Z YLIDENE. P HTHALI MIDIKE ; 
CisHinONBr. Phthdlimidyl-bromo-bcmyl. [210'‘'], 
Glistening needles. Fonned by the action of 
bromine upon deoxvbenzoin-carbf)Xvlamidc 

C, H,(CO.NH,) CD.CJP.CX dissolved in'cliloro- ; 

form (Gabriel, B. 18, 213.5). i 

TETBA^BROMO-BENZYLIDENE-DI.TOLYL. ' 
BUXINE (PhCH),(NC„II,Br,Me),. [1G0°-165°]. 
From benzylidene-di-ji-tolyl-diamine and Br 
(XasBaim, Q. 10, 370). 


, o-isomerido is an oil (Jackson a. Lowery, B. 10, 
! 1209 ; Am. 3, 250). 

! DI-p-BROMO-DI-BENZYL 8ULPH0NE 

(CJl,Br.CilJ.jS(.\.. [IHJ ’j. From the sulphido 
: and CiO, in HOAc. Needles (Jackson a. Jlarts- 
horn. Am. C, 2<59). 

BROMO. BENZYL 8ULFHONIC ACID t>. 

BuoMo.TOUntNK HULeilONlC Acn>. 

DI.BROMO-BETORCINC,Br,Me,(OH),/15r)°j 
From tofra 1*1(1110 betorciri and 111. Also by 
l*oiling a mixture of betorcin (3 pts.), bromine 
(8 pis.) aii'. (100 vols.). Tiie product is re- 
crystallised irom Ji.'ht petrol<;um (Steiihouso a. 
(iroves, G. J. 37, Ml). Long needles. 

Tetra-bromo-betorcin C,iBr,,,Mo,.(()Br)o. [lOP’J. 
From broniino (.5 pts.), water (100 vols.) and 
betorcin (I jd.). Lissolvod in water (.70 pt.s.). 
Crystallised from light petroleum (S. a. (i.). 

Largo colourless jnisms. V. sol. ether, benz- 
ene and eSj, l(-ss so in pc troleum. 

BROMO . BRASILIN C,„If„BrO,. Obtained 
by brominiVin^ acely’-brasiliu and sajionifying 
the product. Glistening red plates. V. hoI. 
i water. Dissolves in KOI I with a rc 'l rwdonr. 

I Tetra-acctyl dr.rivative 
C, lI„Br(OAc),0. [201'] (Bachka a. Erck, B. 
17i (58.5; 18, 1110). » 

Tri-bromo -brasilin C,„n , , Br^Oj. 
Tt'tra-acrtyl tUrivaf ive 
C,„li.Br,(OAe),0. [117°]. Seiall white needles; 
vtTy oxidisablc (B. a. E.). * 

Telra-bromo-brasilin C„,ll,nBr/l,,. Slender 
red needles. Dis.solvcs in alkalis with a violet 
colour. Obtained by brominatioJi of brasilin. 

Tetra-acHyl derivative 
C,„H,Br,(OAc),0. (222 '] (B.a.F..). 
BROMO-BUTANE v . Butyl ukomidr. 
w-a-Di-bromo-butane O^H^Br, i.e. 
Cn,Br.CHBr.CH,.CH,. Butylencbromide. (166®). 
S.G. 1'820. Fonned by the action of Br on ti- 
butylene ur n-butyl bromide (Wurtz, A. 162, 3d| 



Ml 




Oral»w«liy «.S«yt)Mff, I 

/I R^i^a CHrCHBr.OHBr.CH., 

(158). S.0.5J-82. r'romOH,.OH:CaCH,BnJ 

imo V®/’™''*®'’ I^I'O and eicesB of water at 

Iv (Wurtz, 144, 

2.Sf); EltokofT, J. li. ]i>, 210). 

Di-bromo.i.obutauo {CHj,CBr.CH,Br. ho. 
DVlfflenc hro7nul\ (119®). SO li 18 • 

M.M. 11-890 at 14-7^ 
(i(jJ(in). I'lom isoIjutyJene and Br (riinno- 

wrier' af Ki?: ®’‘®®“® 

ft lonyde, if i hO is also prn.scnt Komo <li-o\v- 
isolmtanri is also ffinm-d (Mlff-kfifT, J. R, 10 21 n 
-01 - bromo - butane (JJ£ Br Hf.r 
Formed hj brominaliiiK bula'‘ne '(Corios, 2, m,' 

C.ILBr. ie 

(CH,Br),CI!r.Oir,. (173»-18;t», Vt 2;w mm. 

rxv'fr and Br (Norton 

ft* Williams, Am. 9, hs). 

Oaif.Br. tC 

lTom (Cfg.X]:Crn;raFK]Br (N^i W ) 

Tn . bromo - butane C,I[,Br.,. (20S »-21'J°l 
(CJ^tventou,' 1 

Totn-bromo butane 

OriomuK a. C'oer: -y^i. ™ j 

mol no lo hmr, or (al.loo, o^t:^ 

(Cmmu-iuii n. Muj'rntffhi, li, jo y 'f 

otlier, uleoliol, „„d iieiroleiiiM.et|,er ' ■m,',|,,o ' 

I If o«..v,.rte 1,011. th« ttofl ll.o Kr ..ed , 1 “ 

tlio some ill l.romo-loitiiiene f; I! , 

inioillv I'ol.viiioriM..,. Tlio hli.i ..'i, •' . iI * 
foniii,,;, ( .ll,„r. 

TotiH-bromo-butbno C II Br I’lni., h i 

di-br„,„o. l,»n |..„„ , |.ioojf,y V’froir. 

Je'comSir'u *-’■ 93)- Crystalline ; 

Tetra-bromo-butane CIL.CH CBr riTP.. I 
rom loitimmo ,,re,ired fioin '"1'.,^ 

treatmont with Pn nr>i 
alcoholm KOH. Sublimes .t‘U»'Vru‘2l'«.Us! 

Tetra.bromo-iiobutane C.n Br p’O-loi 

wX«n;s,'‘z"s;‘r7r''‘""" * 


Jogetter with the fXwinft ^ he^2- 
alcohol! DiiutoToH u im^ernv^i'ii iJ5 

potassium erytlirate. «'ens it ini 

HMa-brorao-bntano C,H,Br.. [ITfloi 0 / 

3 4. Formed m small quantity as above fc' 

irvoY^* ®®’ “ ®'®ohol. Fomin 

UNO, formaanoil C.il.fNO.IBr (NO 1 o ri 1 ol 

Brjuebt" J 

butan; ■ ’’ "'“®® '“™® ‘ri-oV 

“®DI-BHOMO.n.BBm.BENZENE 

;«Xrr,s„!,r£.-sirS‘ 

plicnyl-propionicacid. “ ® 

C„If:,.CIIBr.CHBr.CH,«CH,. f07'’i p-nm 

et “■ ”• ““ 
|:^!asS(Ht.57s{a'is 

I^i-bromo-n-batyl-benzene C,JL,Br r 70 ®l 

tYrn’l”’’l''V'--''“f®"® “•"* Br first ^ ‘sun Lh - 
then heated ,n the dark (Hadsiszewskra O, 

nnd Br (Peikfnfa >. ®"y>-i®®'»“ylen® 

C,„H,,Bra r64V 

From 

(Bmi,TO«r vr'T'?'’®,' KOH 

1/0* forms (blMc'-oil'i. ^><1 »t 

19;\ j-jVt). ^ «e<^n8tccher, A, 

Bromo-butylone CJI.Br. p) 7 ^>i j u 

(Sief.MjtSl"'"' •'*•"• ““ •“ “S 

2.t.. nnn. (Norton a. Williams. .4«. 9 87) ^ * 

Bi- bromo. butyleao (;.lI,Br,. (Uotlsno) 

1 roin tri-bronio-butaiiG f'^DS ' v * 

Ba - bromo . butylene C.ll^Br.,. From tetm, 
liolirKoSr""^^'^';^ (^romeo.thrite) anda& 

rnni 1 ^ polyuierises. CombiM 

4a! si) (Grimaux a. Cloez, 3A 

Di . bromo - butylene O.H Br. i a 
CH,:CH.CHBr.CH^r. (lU0®-200®). Fromlhe 
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«llf 6emptm»^ bj addins 

iMt tium th« oalonla^ qiumnty of and 
fraoUonally dirtilliog^ Combineg readily with 
Br, forming [119®] (G.a, 0.). 

Hexabroxnobntylene C^Br^H^. [53®]. Pre- | 
pared by further bromination of hcxabroui- 
iBobniane (Merz a. Weitb, B. 11, 2210). j 

o.BKOMO.ji.BUTYBIC ACID C,HJlrO. !*.<?. ! 

CH,.CH,.CHBr.CO.II. (211^-217"). (lio'lati. 

8mm. S.(r. 1*51. S. 7. ■ it nivos ^-bromo pnipyleiu*, broino^oxy-biityrio 

Fortmtion . — 1. By boating butyric acid witli aoi<l, tli-oxy^biityrio aciil, aiul broiiiD-crotoma 
Br at 140^; or by the acti^m of Br on silv* r ui iil. \Vat< v ^Ivoa chiefly Imnno-oxy-biityrio 
butyrate (Fricdcl a. IMacluioa, A. 120, 270; Na.CO, gives more brnino propylono, but 

SiippL2ylO\ (iorup-Bfsanez a. Klinksieck, .1. iu> propionic aUlohyJo. - 2. NV'*rmo(l with a 
118, 218; Nauniann, .1. 110, 115; Ley, Ji. solution of NaOll it gives bromu-crotonio acid. 
0, 120; Urooh, /L L;5, 0.1; TujiolotT, \l. 171,'! Di-brorao-iso-butyrio acid 


ad-Oi-li»>»d*batyii« a^ 
CH,.€H&.OHBr.CO,a [87^. 

From Br and orotoaio ar te 
crotonio acid dissolved in CS^ (Kdrner, A* 19% 
Vi ; Michael a. Norton, Am. 2, 12 ; B. 14, 1209/ 
C. Kolbc, J. pr. 13.S, 386). 

Pro/vr/jVx. Largo transparent prisma {from 
CS .) ; sol. alcoliol, other, and hot water. 

licactions. -1. Boiled with irati-r or NgjOOt 


219). — 2. Frnin crotonio acid and HBr.- 
8. From the broiuidu and water (Kaschir.^ki, ^ 

C. C. 1H81, 278). i 

ProjH rii.'s. — Oil ; mixes with alcohol and 
ether. Nl'.t., whether dry or in aqueous solu- 
tion, foniH « oxy-butyric acid (Duvillier, 1)7. ^2] : 

48, 3). NaOll Ai| acts similarly. ■ 

8alta.-lM.A',,.~Pb.Y,2i'''^>- - A-sVV. 

Methyl , thcr Me.v. {1(»5’ 172 ). j 

Ethyl cthi'T Kt,\'. (178 ) J. pt\ ! 

[2) 33,102). S.O. Dry NaOlU : 

an ether CJI,„0,(0]:t) . (252’) (Kre.sluwnikolf, • 

A. 208, 3 IS). ‘ ' I 

Bromide CJlJkO.Br. (17.3'^). From I 
butyryl broiuido and Br. I 

^-Bromo-butyric acid Cir,.OIIBr,CIL.CO,IL i 
Formed in small quantity in tlu* pivqiaraiion of | crotonic acid and Br. 
tho a- acid from crotonic acid and llBr (Herni- j (M._a. N-)- 
lian, A. 171, 325). 

V-Bromo-butyrio acid Cn jh'.Cl[_..ClI .COdf. 

[33®], From hatyro-laftouc and IIBr {Henry, 

C. li, 102, 3i'S). Tables or plates; si. sol. 
water, v. sol ether. 

Me thyl ot h c r Me A'. ( I H7‘’). S.G. ^ 1 • 1 5. 

Ethyl ether YAW (107"). 8.0.21*36. i 
o - Bromo - isobutyrio acid (CHJ^CBr.COJL 
[48®J. (100^). 8.0. ; 1*52. From isobutyrie, : 

acid and Br (Markownikoff, /I. 153,220; Hell 
a. Waldauer, //. 10, 118). Tables. Boiling 
water converts it into a-oxy-isohnWric a« id, 

KHS acta similarly (Loveti, J. pr. 2; 33, 105) ; ’ 
boiling baryta-water forma also ClL:CMe.CO;,H 
(Engelliorn, i-l. 200, 08;. * j 

Ethyl ether YAM. (161® cor.). «0.‘-!M3. , 

Oil; smelling of raspberries and peppr-rmint 
(Markownikotf, A. 1H2, 336; Hell n. Wittekind, 

B. 7, 320; Loven, J. j.r. (21 33, 106). 

Bromide (CH,) .CBr.COBr. (163®). 

B.Bromo-iaobutyric acid CII^jBr.CHMo.CO^jII. 

[22®]. From o- methyl -acrylic acid and cold 
oono. HBr. Crystals (from CSJ. Boiling 
alkalis convert it into a- methyl -acrylic acid 
and a little propylo;io (Fittig a.«Engelhorn, A. 

200,65). ^ 

aa-Di-bromo-butyrio acid 
CH,.CH.,.CBr,CO.,H. (110 ) at 3 mm. ’S. 3. 

S.0, 1*96. From bromo-butyric acid and bio- 
mine (Schneider, J. 1801, 458 ; Michael a. 

Norton, Am. 2, 15 ; Otto a. Frommo, A. 230, 

976). Thick oil. Water or baryta-water at 
120® forma a-brorao-crotonio acid (Erl* fimeyer 
ft. Mailer, B. 15, 49). Converted by reduced 
lilver into di-cthyl-maleio or xcronic acid 
OOjj.CEtrCEt.CO^H, butyric acid being formed. 

Voft. I. 


CII.,Br.CBrMo.OO,H. [48"). 

Prepanitum. — By adding Br to metlmcrylio 
neid di.ssolved in CS.j (C. Kolbo, J. pr. [2J 25, 
373). Long prisms (from CS,.). Boiling with 
irater or Na.XT.)j produces CO., acetone, soma 
propionic aldehyde, a very little brominmeth. 
acrylic acid i»3®|,.and brrnno-oxy-iso-hutyric acid 
i'j.v.). Warmed with solution ot NaOll it gives 
bromo-metlmerylic acid and HBr. 

Tri-bromo-butyric acid C,H Br.,0^ i.e, 

CH, . CBr, . CH Br.CO. H ? [111®].' From j9-bromo. 
crotonic aci«l in CS^ and Br (Michael a. Norton, 
Am. 2, 11). Bhomhio plates; sol. alcohol and 
hot water; snblini 's readily. 

Tri-bronio-butyric acid C,H,BrsO.; i.o. 
CH,.CHBr.CBr,.CO.H? [IIL’I. Frojii a bromo. 

V. sol.wiitor and alcohol 


Tri-bromo-isobutyric acid C,H .Br,0.^. From 
bromo a-molhyl-acrylic acid and Br (Cahours,^. 
Sujypl. 2, 310). Prisms, 

Tetra-bromo-butyrio acid C,H,Br<Oj. [116®1. 
From nmcobroinic acid and Br (Limpricht, A» 
165,203). Monoolinio tables ; b1. sol. water. 

Tetra-bronio-isobu lyric acid 04 ll 4 Br 40 ,. 

From tlj broivo-o-metliyl-acrylic acidajnl Br(0.). 

BKo’kO- ISO-BUTYRIC para- ALDEHYDE 
({CH,).,CBr.CHo)„. [120®). When the product 
of the action of Nil, on iso-butyric aldcliydo 
(q.v.) is dislillod a product CJI^N is got. Tiiig 
must bo combined with brominn, and tlio com* 
pound, (CH,),CH.CH:N.CilBr.CBr(CH,)„ after 
keeping for 3 months, is decornijosed by water 
[Lipp, A. 211, 353). Needles (from alcohol). 
Imiol. w’ater, acids or alkalis, v. sol. ether, in. 
sol. alcol;^)!. Does net reduce ainrnoniacal AgNO,. 
bromo-3atechol V. Bjli’MO-PYItoaATISUllIN. 
BROMO-CAFFEiNE C,H„BrN40,. [206®]. 

Caffeino combines with Br foi ining the orange* 
red bromide ('JIi^N^O.^Bro, Which is docoinpoacd 
at 150® into IIBr and bromo caiTemo (Fischer, 
n. U, C.’IO; Schullzen, Z. 1867, 614; Maly a. 
An Ire.asch, M. 3, H5). Cry ’♦nls, si. sol. cold water, 
V. sol. NH^Aq. Beduced Ir /.inc-dust to caffeine. 
Alcoholic KOII forma etht\*.y-cafleine. 

BRO MO-CAMPHOR v. Camphok. 
BROMO-CAMFHORIO ACID v. Caicphobh 

AGU». 

BROMO-CAFRIC ACID v. Bnoico-HKOOio iCUk, 
BROMO-CAFROIO ACID v. BiioKO-iiKXOld 

ACID. 

BBOMO-CABBAKILIO ACID v. Pbimtl-caK. 

BAXriC ACID. 


00 



tm BBOMO^AUDAZOLB. 

BB0X0.0mA20lS Cr^BrN. [199^]. (Michael, 85, 857)/-*6. Is noi altered 

From its acetyl derivative and alcoholic SOH. by dissolving in and ponring into water. 
Bhombio plates, Y. sol. water. Methyl ether A'Me: (169°) at 14 mm. 

Acetyl derivative C„H,AcBrN. [128°]. Formed by distillation of the isomeric methyl 
From acctyl-carbazole and Br. Laminro, v. sol*, ether corresponding to tho acid [120°} under 
alcohol and boiling toluene (Ciamician a.Silbcr, ordinary atmospheric pressure (A. a. S.). 

0.12, 270). Ethyl ether MVA: (2!)0°) ; (202°) at 80 

TKI-BROMO-CARBOPYEROLIC ACID v. Tin- mm. ; (100°) at 10 mm. ; (188°) at 30 ram. V.D. 
BimMo-i'YiutoL-nAiinoxTLrc Arm. ^ -«'715 (obs.) (Miebael a. Browne, B. 20, 661). 

^-BROMO-CARBOSTYRIL C„II,jNOBr i.e. Formed by distillation of tho isomerio ethyl* 

< C(lir);CII ctlu r corresponding to the acid [120°] under 

I , {Py. 1, ‘d)-Bromo oxy- oi«linary atmospheric pressure (Anschutz a. Sel* 
N: C (OH) , doll, 7jf. 20, 13vS4). I’lepared by passing HCl 

quinoline. f2<l^]?SFormcd by boiling o-amido- ’ into a solution of tho acid in alcohol (4 pts.) 
phonyl-propiolic acid with dilute llBr (Baeyer a. | (Bariseb, loc.cit.). By cold cone. II^SO^ it is 
llloem, li. l.'j, 2140). Breparnd by tho action of ciuiverted into beu/.oyl-acctic ether (Michael a. 
bromine on carbostyril-ether and saponification Browne, B. 10, 1302).* 

of the product by heating with II Cl (Fricdliindcr ; Chloride'. (1.53°) at 12 mm.; clear oily 
a. Weinberg, B. 16, 2G82). Noodles; may bo litpiid. Formed by the action of PCIj upon salts 
sublimed. The Br is not replaced by boiling , of the acid [131°] or of its isoimuide [120°]. 
witli alcoholio KOIl, but re<iuires to bo fused j Amidei (110°J; very thin pearly plates; 
with KOfl at 200°0. i si. sol. hot water. 

BROMO > CARVACROL C,„If,.,BrO i,e. Anilide'. [H()°J ; small wliiln needles, which 

0,lIaMo(On)Br(C,Ilj) [l:2:3orr»: } ). Froinbromo- change into six-sided pb\te.s (A. a. S.). 
cyrnidino and IINO... Oil (Mu//.ara, (/. 1(5, 104). | AVo-Bromo-cinnamic acid C,,ll.]JrO.^. [134°]. 

BROMO-CHLORAL r. Di-ciiu)Uo-i<uomo-aldi> Formed, together with the iHornorido [159°] by 
Htpk. the addition of llBr to pbenyl-propiolio acid. 

BROMO-CHLORO- t*. Ciir,ouo-imo,Mo-. Long needles (from water). Tliiek rhombic 

BROMO-CHLOROFORM i\ DiciiiiOao-iucoMo* ]»risnis (from cliloroform). V. sol. alcohol and 
MUTiiANK. ilot benzene, si. sol. CSj, hot petroleum-ether 

BROMO-DICHROMAZIN v. Tai-AMioo-piiE- and liot water. — A'NH,’‘ : fiat needles, sol. hot 
UOL, p. 172. water, si. sol, cold. - A'.,Ba : glishuiing rhombic 

BROMO-CHRYSENE v. CfmY.sicNB. )>la(e.s; S. *770 at (5°, m. sol. hot water. It is 

BROMO • CHRYSOQUINONE v. Chuyso- doubtful whether this acid is a distinct isome- 
<jUiNnNK. ride or is identical with tho preceding acid; tho 

BROMO-CINCHONINE v. Cinciioninr. soluhility of the barinni salt a])pcars to point 

BROMO-GINNAMENE v. BitoMo-HTYUF.NR. to tin' former conclusion (Mieliael a. Browne, B. 
DI . BROMO - CINNAMENYL - THIENYL - 20, 550). 

KETONE r, Tiiiknyl- m-imoMo-STYRYL kktonk. .d/Zo-a-Bromo-cinnaiuic acid 

a-BROMO-ClNNAMIC ACID C,U,BrO, i.c. C,.lI,.CH:CBr.COJI. [l‘-^h°]. Formed, together 
C,lIvCH:CBr.C0.1I 1 131°]. with a-bromo-cinuaniie acid (v. Preparation) by 

y-’ornufum. - 1. Together with #/fo-c#bromo- boiling tho dibromide of cinnamic acid with 
cinnamic acid by the action of alcoholic alcoholic KOIl {(.ilaser, 113, .3.30). Six-sided 
KOll on the di-hromido of cinnamic, acid ; lamiiuu (from water) or thick prisms (from 
0,IIyCHBr.CllBr.t.'().n ((Jlaser, A. 143, 325). - i ether). V. sol. boiling water. 

2. From c.m tri bromo /i-pbenyl-propionic acid 1 Salts.— KA': dolique.scont needle.^.— AgA'. 
and wafer at 100 ’ (Kinnicutt a. rainier, .4///. 4, ! Tho ammonium salt is deliquescent and v. 
2G; 5,38(5). ... : sol. water (dilTerenco. from a acid). 

JVcpu7’,j//e;f. - Dibromide of cinnamic acid ■ l{eai'tio)is. — 1. /feuef ions 1, 2, and 4 described 

(50 grms.) is dissolved in hot nlcoliol and mixed ; under a-bromo-cinnamic acid are also exhibited 
with tlie caleiilali’d quantity (2 equivalents) of by the allo-a- acid. Beartion 3 gives, however, 
potash dissolved in alcohol. ■ The lii,u^l is ncu- a ditTeront tri-hromo-phcnyl-propionio acid 
tralisrd witli IICI and tho alcohol boiled cff. 145° 48°]. 2. On dissolving in ILSO, and 
The solution of tho mixed potassium .salts is flouring into w’alcr two products are obtained; 
filtered from bro mo .styrene [218°]. Tho tw'o I {a) \ sub-stance C,^n,.,0, ; yellow needles [above 
acids arc .Mqvirated by partial preci}iitation with ; 2(50°], sol. alkuli.s, alcohol, ether and benzene. 
HCl, the a-iu id coming do«N n first (Barisoh, : (5) A substance C,, II, jBr./L ; largo pearly plates 
/. pr. 128, 178), labovo 2(50°], insol. alkalis, sol. phenol, nitro- 

Propertie.'i. Long necdlo.s (from w'atcr or benzene and aniline, insol. most other solvents, 
chloroform). V. o. aol. alcohol. .forms a crystalline molecular compound with 

Salts. — Nil, A' : aftioroscent groups of fiat ^phenol ; on reduf'tion with zinc-dust and acetic 
needles, si. sol. c(dd water.— AgA' ; si. sol. wulcr. acid L gives a substance C,, II, <0, which forms 
— BaA', : thin rhombic lamiiue. S. *12 at 0°, colourle.ss crystals, [127°], sol. alcohol, si. BOl. hot 
Insol. alcohol. water (Louekart, B. 16, 16). 

Heaciion!t.~l.S<ylium-amalgamTei\iicc^\tto Methyl ether A'Me: (146°) at 11 mm.; 
B-phenyl-propionio acid. — 2. Alcoholic KOH from A'AgandMel; by distillation at ordinary 
gives phcnyl-propioHc acid.— 3. Br gives a tri- | pressure it is converted into tho methyl ether 
bvonio-pihenyl-propionic acid [132°]. — 4. Both a i of the isomeric acid [131°] (Anschutz a. Selden, 
andallo-o-bromo-cinnamic acids may bo reduced | B» 20, 1383). 

by aino-dust and glacial acetic acid to cinnainio | Ethyl ether A'Et : (174°) at 30mm. ; (177®) 
toid, which seems to bt the same in both cases ! at 30 mm. ; T.D. 8*828 (obe.) (Michael i» 
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Brovne, B. 30, Wl). From A'i« tna Btl. Bj 
distillation under ordinaiy pressure it is coa- 
vorted into the ethyl ether of the isomeria acid 
[131®] (Anschmz a. Selden, B. 20, 1384). 

?/3- Bromo-cinnamio acid 
O^H|,CBr:CH.CO^H (?) [159°]. Formed, together 
with the acid [134°], by tlio action of aqueous 
HBr upon phenyl-proinolic acid at 0°. Long 
flat needles (from water) ; or rhombic plates 
(from alcohol). 81. sol. cold alcohol and ben- 
zene. By cold cone. KOI! or Nil, it is at onco 
converted into an indilTeront insoluble oil. 
Heating with HHr forms phoiiyl-acelic aldohydo 
and acetophenone. It combines with lir form- 
ing a tri-bromo-hydro-cinnamic acid [118"]. 

Salta. — : long soluble noe<lIc 3 . — 
BaA'.^aq: soluble ooncentrio prisms.— PbA', : 
amorphous pp. — CdA'^: concentric needles 
(Michael a. Browne, />. 19, 1378). 

Ethyl ether A'Lt: (151) at 15 mm.; 
V.D. .. 8 948 (ols.) (M. a. B., B. 20, 551). 

Bromo-cinnamic acid [153°]. This was ob- 
tained by Eilcnineyer a. Stookmeier by the 
addition i)f lllJr to piienyl-propiolic acid. Aque- 
ous Na.LOj converted it into phenyl-acetylone, 
a-bromo-styrouo CJl.CLrCfl,., and phenyl pro- 
piolic acid. Succes.nvo trejitmeut with cone. 
ILSO, and water gave hf'ii/.oyl ucelic acid and 
bromo aceloplu none. Healing with IlHr gave 
acetoiihenoiio and a little phenyl-acetic aldehyde 
(Frlenmeyer, B. 19, 1931)). According to 
Michael a. jirowne this acid is a mixture of tho 
two acid.s [159 ’j and 1134 ]. 

o-Brorao-cinnamic acid [1:2] 

CJI,(Br) CH:CH.C0^1L Brtmn.ft phenyl ae) ylic \ 
acid. [213-]. Formed by dia/otising o-umido- ; 
cinnamic ncid and boiling tlie diazo- compound i 
witli Illlr ((.iabriel, B. 15, 2291). Flat colour- | 
less needier f.r scales. S(d. alcohol, « ther i 
and acetic acid, si, sol, chloroform, ben/niio ! 
and CS... j 

m-Bromo-cinnamio acid ! 

[1:3] C.,H,(llr).CJI:CH.CO,ll. [179]. Form- d i 
like tho prccciliiig from /u-amido-cinimmic acid 
(Gabriel, Ji. 15, 2290). Jjong needles. Sol. 
alcohol, acetic acid, liot benzene, clilorof.)rm, 
and CS^, 

7 ^.Bromo-cinnnmic acid 

[1:4] C,H,(13r).C,ll,.CO.,H. [c. 253"]. Fine 

needles. From p-amido-cinnamic acid (Gabriel, 
B. 15, 2300). 

Di-bromo-cinnamic acids r.e. 

CJlj.CBnCBr.COJL Bromine unites with ; 
phenyl-pro|>ir>lic acid producing di-bromo <-iu- | 
naniic [139"j aiid allodi bromo-cinnamic acid j 
[100°]. The acid [139°] is not converted into | 
an indonaphthciio derivative by cone. 11.80,, i 

whereas tho acid [100°] forms ^ I 

[123°] (whenco hydroxylamine ^rms an oxiin ! 
[195°], and aniline foim.s an anilide [17>» '') ' 
(W. Roser, B. 20, 1273, 1570). * ' | 

a-BROMO-CIKNAMIC ALDEHYDE CJLBrO ’ 
i.e. C,H,.CH:CBr.CHO [73°]. Formed froiri ' 
oinnamic-aldehydc-di-brornide by splitting off 
HBr (Zincke a. Hagen, B. 17, 1815). Thick 
tables or largo monoclinic prisms. CrO| gives 
bromo-cinnamic acid [131°]. 
Phenyl‘hydra»ide 

OA*OtHBr.CH:N:nC^H4[130°],gliiUniDgyeUow 


B&OICO* OIT&ACONIC ACIO U 

OH,.C(00,l^;CBr.CO,H(?). * 

Fopnation,-^\. From its anhydride by boil* 

■ ing with water.~-2. From ctfm-di-bromo-pyro- 
I tartaric acid, water, and Ag.O in presence of a 
; tr.aceofHCl:C,IIJ3r,0,=*HBr < G,ll,Hr(),(Bour. 

goin. C. It. 88, 3J2 ; 89, 418 ; A. ( Vi.jaj 19, 285). 

■ Proper tii's.-~\e\y unstulde, giving off water 

■ oveisover ILSO, and changing to the anhydride, 

j Itcactiom. — 1. Sodiuci fonu.^; pyro- 

; t.'irtario acid. 2. Boiling KOIl fvirms a syrupy 
: dibasic acid 3. of its solu- 

: tlon produces bromo-citracoui)* " :h\diitlc and, 
at a low tempernturo, thu iioia hut 

I at a high tempernturo ‘ bnuno citr(*nic acid' 
j t’,II,Br(L (B.). -1. The aqueous solution treated 
! with tho equivalent of tunlinc give;; a or} stallino 
: pp. of tho acid aniline salt. [121 j. Smiiding 
j under water f.)r a few hours, or In .iling the 
i aqueous solution fora minute, converts iliutotho 
j C(CIU-COv 

i phenylimidc il ^NTh. [145°J. This 

CBr ^ CO / 

forms stellate groiip.s of j>ri.smatic iw'CilIos. 81. 
.sol. hot w.'iter; v. sol. hot alcohol ; in ol, dilute 
HCl (Michael, Aw. 9, IMP). An ititermodiata 
. hodv is the acid anilide (:jl,Bi(i:0,ll).CONl'liir 
[212 ’J (Michael, B. 19, 1373). 

! Sal ts. - (NMl,)^A' . K .V'. — CaA" 2aq.- - 
Ca.\" Haq. -BaA" aq. - Ag A". Pec.i)mposod by 
water at 130" giving off CO,,, and alh h im. 

Anhydride C,II,BrO,. [100 J. (220°). 
S.G. 1-9.3.5 (Kekuh'-. A, Snpi,!. I, 130; 2, 97; 
Lagormark, 1870,299; Filtig a. Krusemai’k, 
A. 200, 19; Bourgoiu, Bl. [2| 31, 252; 32, 388). 
pormation. I’rom citraconii*. anhydride and 
Br at 110°. 2. By dislilliii},' ( ///vi -dihroiuo-tar- 
laiic aei<l.- 3. From pyrotiirtaric acid, Br, and 
wat< r at 120°. /"roper/o.s. Jjainina'(fiomCS 
si. sol. c<dd u:itei,v. e. std. alcohol and other; 
Nolatile witli steam. 

Iwi ie (;.,H,BrO,NlI. [c. 181°1. From 
pyrotart imid. or cilraconimido and Br at L50° 
(Meiidini, G. J.'>, 182). Laminai; may ho sub- 
limod.-^ C,ll.,BiO.NAg. 

Di-broino-citracoiiic acid, Imide. 

C.ir Br/).,NII. (Ml |. From iiyrotai trimido 
or cilraconimido and Jlr (.M.). lainiinu); ij»ay 
bo sublimed. C,ll.,Br,0,NAg. 

BROMO-CODElNE v. Com.iNi:. 

DI - BBOll^) - COLLIDINE v . Dt iikomo-tri- 

Ml I uvn I'Vini-iNi’;. 

BROMO- COMPOUNDS. Bromine unites 
directly with mual unsaturuted compounds, 
but there arc some easci in which it does 
not combine with tlniu iii tlm cold, e.g. 
fumaric, mesaconic, teraconic, teridjilenio, 
aconic, o- and p- coum ’ic, aiifl (8)-hydroj)iporio 
ipeid j {cf. Fitlig, A. 22 ^ 29). Aromatic com- 
pound.'; combine with / eiu diHieiilty wdth bro- 
mine, but when reduced to their di- or tetm- 
hydrides they take up bromine, as readily as tho 
ordinary unsjiturated cf»mpoundh:. Bromine dis- 
places hydrogen in saturated compoundH, tho 
displaced hydrogen being given off as JlBr; this 
reaction usually requires tho aid of heat: tho 
substance is generally heated with bromiae and 
0 little water in a scaled tube. 

Uydroxyl may bo displaced by bromine by 
troatment with HBr or FBr,; instead of PBr» 

oof 
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red^osphorui and bromine may be need, one 
of the two being added gradaallr. 

Chlorine may be displaced by bromine by 
treatment with the bromide of E, Mg, Ca, Sr, 
Uu, Al, Mn, or Co (Kdhnlein, A, 225, 194). 
Cdlir.., Stdir, and AsBi’a sometimes act similarly ; 
thus Aslir, at 115^ comph hdy converts chloro- 
ucetic aeid and bf-nzyl <*lilorido into bromo- 
acetic acid and bcn/yl bmmido respoctiv*-!}*. 

lodina may hr* di.s])laeod by bromine by 
moans of tlie bre.miib*.; of Cii, Ag, ITg, Hn, Pb, 
A‘i, and Sb. iJilir., at PUP only partially con- 
verts Ktl in UiL K iltr. Jkomino it:^i‘lf can dis- 
place iodine (K. ^yt r, J.pr. [2] HI, 101). 

Aviidogen may bo displaced by bromine 
by using the diazo- reactions (p. .T.)9). In aro- 
matic com])ound8 it is sufllcient to add UNO;, to 
a hot solution of the amino in IlBr (fjosanitsch, 
li. IH, H'.l, V. aho AMtvr^iK 

Carriers. — The d!splacoinoiit of hydrogen by 
I’r is assisted by the pu .ence of carr iers which 
first Combine with the bromine, and then ])as.s it 
on to the organic bedy. The most Kiiilable 
carriers for hromini! are: iodiir; Aldlr,, ((ius- 
tavson, //. 10,1)71) foi benzene un i Immologues ; 
amnrphou ; 1’ for futlv acid:; (Hell a. tiantter, 
Ji. I I, HOI), SbBr,, l-Vdlr., lellr, and, bettor 
still, IVCl. (Scheufden, A. 2;U, Jdl; cf. Will- 
gerodt, ./. pr. [2J IM, 20 1). 

Brominatioii of organic acids. The follow- 
ing is a very convenient method, which depends 
upon the fact that the acid bromides and an- 
hydrides are much more <'UHiIy brominatod tlian 
the acids tlu-mstdveB. The acid is mixed with 
amorphous plmspliorus in quantity siillicient to 
convert it into the bromide or anhydride, and 
the cnrresiK)ndiMg quaiility of bromine added 
Uigetlnr with lh(» extra aimnint r«'quired for 
broiniimtion. The mixture is healed to 1()()-* 
till dectdourised, when Hu- reaction is comjdele 
(Hell, J>. 14, H'.ll). Tlie hiominalion of fatty 
acids may also he readily eli’eeT' d boiling 
their chlorides with Hr and (JS,, (Michael, J. pr, 
[2J Jir), i)2). Alkalis or water acting upon a- 
bromo- aeids usually i»roducea oxy- acids, with /3- 
bromo- aeids tliey form unsatural<-d aeids, while 
7 -chloro acids lu’como luefones (Fitlig, A. 19o, 
11)9; I'lrlenmoyor, i/. 11, i;U8; 15,19). 

Biominatioa of aromatic hydrocarbons. 
Hromine in iirosenco of a carrier cnt<>rs the 
benzene nucleus ; bromine alone, or in presence 
of too little iodine, cntei*s the ♦ddf cliains of 
bailing hydrocarbons. Sunlight promotes sub-, 
atilutioii in the sitlo-chains (Schramm, B. 17, i 
2922 ; IH, 350, 127*^ ; 19, 212). i 

Bromination of aromatic amines. Hromino 
goes first into a position plo the NIL, and then ! 
into the o- positions, but not into a m- position 
(Nevih) a, Winthcr, B. 13, 902 ; r. also Aiiomatic 
cosn'ocNus, p. 299). ^ 

Stabilityof bromo-compoundi. Bromo- com- 
pounds are h'ss stable than the corresponding 
chloro- compounds; thus bromo-acelic and 
bromo-propiouio acids may bo converted by 
reduced silver into succinio and adipio acids 
resiwctively, in this they differ from the corre- 
•pouding chloro- but reseiublo the iodo- acids. 
The relative stability of the alkyl bromides de- 
pends upon tho reagents attacking them ; thus 
ISu and II SO, reduces iso-propyl bromide more 
quickly than propyl bromide, the order being 


iiwtopyl, houM4, bats’!, M Om 
O ther band, aloobolse KaOH aitaeka propp; 
bromide more vigoronely than isopropyl bromidlo 
the order being ethyl, propyl, isomnyl, botyl 
isopropyl (Bemsen a. Eillyer, Am. 8, 251). 

Other characteristics of bromo- componadi 
may be inferred from tho article on Crlobo< 
compounds; the bromo- compounds resemble th< 
chloro- compounds in almost every respect. 
BROMO-CONrtNE v. Coniine. 

BEOMO - COUMAEIC ACID 0,H,BrO, 
Broim-o- oxy -cinnamic acid. Methyl deri- 
vative MeO.CJIj.C^jIIBr.COJI. [171°]. S 
(CS.,) *32 at 14°. From the methyl deri 
vativo of a- or B- di-bromo-melilotio acid 
j McO.CJI,.C.;H.J^r..COaH and aqueous KOH (Per 
: kin, C. J. 39, 422). Small prisms (from CSj) : 
si. sol. boiling water, v. sol. alcohol. Boiling 
dilute KOII forms the methyl derivative ol 
, cumarilic acid MeO.C„H,.C,j.COiH. 
i Kthyl derivative KtO.C,iH,.C.^HBr.COaH 
: [101°]. From EtO.CJl,.C,H,Br,.CO,Et and 
cold alcoholic KOII (P.). Flat prisms; si. sol 
, boiling water, m. sol. CS.,, v. sol. alcohol. 

(a)-BROMO-COUMARiN C,.II,BrO,. [110°] 
From coumarin dibromidc and alcoholic KOIJ 
I (Perkin, G. J. 23, 308). Prisms ; converted b] 
alcoholic KOH into cumarilic acid. 

I (/3) - Bromo - coumarin C„HjBrO.^. [1C0°] 
I From sodium bromo -o- oxy -benzoic aldehyd< 
and kc.p. llhoinbic prisma (from alcohol 
1 (Perkin, C. J. 21, 37). 

1 (o) Di-bromo-couraarin C„H,Br„Oa. [183°] 

From coumarin, Br, and I (P.), Needles ; alco- 
; holic KOII forms bromo-cumarilic acid. 

! (f)) Di-bromo-coumarin [176°] 

From sotliuni <li-bromo-o-oxy-bcnzoio aldehyde 
and Ac 0. Needles (P.). 

BROMO-o-CRESOL CJI,MeBr(OH) [1:3 ?;6] 
[89 'j. From bromo-o-toluiJine (Wroblcwsky 
-4^ 108, 105). (iolden needles; v, si. sol. water; 
the aqueous solution is turned green by FejCl,.— 
K(UI„bi'0 aq : red scales. 

^ Bromo - m - cresol CJI,MoBr(OH) [1:3:5] 
[57°]. From a-bromo-toluidiuo by diazo- reactior 
(Nevile a. Wiuther, C. J. 41, 421). 

Bromo -jj. cresol 0,H,(CH,)Br.OH [1:8:4] 
(211°). S.G. " = l-5408. Liquid. Formed bj 
the action of dry bromine upon sodium-p-cresol 
Methyl ether CJL,McBr(OMo) : (226°); 
S.Cr. ^ 1’418; liquid (Schall a. Dralle, B. 17 
2530)!' 

Di- bromo - 0 * cresol C,H,MeBr,(OH). [67°] 
From O'Crosol and Br. Volatile with eteani 
(Werner, Bl. [2] 4)), 278). 

Di-bromo-p-cresol Br2.0H [1:3:5;4}, 

[49°j. Large cry;^tals. V. sol. alcohol, v. si. soL 
water. Exc^^ss of Br fori^s C„II.^Br,(OBr) (W.). 

Benzoyl derivative CsH.MeBrjfOBa] 
[91°1, white needles (Schall a. Dralle, B, 17( 
! 25i{^J ; Werner, Bl. [2] 46, 278). 

I Tri-bromo-m-cresoi C,HMeBr, (OH), rm 
From m-cresol (W.). Needles (from alcohol)* 
Tetra-bromo-p-cresol C„Br,Me(OH). [10^ 
From p-crcsol (Baumann a. Briegcr, B. 12, 804). 
Plates; slowly decomposed by cold brominO' 
water into CO.^ and tri-bromo-phenoh 
BROUO-CRESOL 8VLPH0N1C AOID 
C H,McBr(OH){SOja) [l:2or6:5?;8]. fM 
I o-bromo'ioluens by 8ulphooatioii« aitntioQi ipi 



(Sthito. A, m, t«). m S 4 , 101). hto, (a.O. i t) tom* Mnaw 

IM.',8aq..i-PbA^9tq. Mozoioteid. 

Irono^retol sulphonie toia /9-Bromo-n-€iimese CgH..CHBr,CIiL.CHj. 

C*HtMeBr(OH)(SO,H) [1:4:5?:3]. From (3,1,2)- Formed in tho cold by the action of bromine 
bromo-toluene sulphonio acid by nitration, re- f fl mol.) upon n-ouracno in direct 8un.‘;hino. By 
dttction, and diazotisation (S.).— Bii.V._.3aii. further bromination in it jjives jS.di* 

Bromo-er^Bol sulphonic acid bromo-n-cuinono C„lI,.CBr but in the 

C,HjMeI3r{On)(S(XH) From (l.l/d)- .b-tk at lOO-^ it yields a/i-di broiuo-n-cumena 

bromo-toluene sulphonic acid in a similar way. CJIvClIBr.CJIHr.Cll, (.Solinimm, />'. IH. FiTr*). 
— BaA'.^aq. i ij9-Di-bromo->.* cumouoOJIj.Cllllr.t'lIHr.CU,. 

Bi-bromo-creRol sulphonic acid i From allyl-benzcno (/.?'.) and Ipiomino (Itiig- 

C„HMeBr.;(OH)(SOjH). From (2,1,1) - amido- lu imcr, *4. 172, 131; Kad/i.s/i-wtiki, i/, 7H, 
toluene sulphonic acid and Br (Ilayduck, .1. Holt; Perkin, 0. «/. •■2, tltiS), ]''rom n-cuTmmo 

174, 3.73). -KA'aq. BaA'.j8,U*i. and bromine at 100'^ (Wi.spr’' /td** !', .1. ‘2IM, 

a-BROMO-CBOTONIC AClD C,II^Br(X i.e. ! 381; r/. S.^’npm). Silky lu odles tfrom iilctihol). 

CHj.CIPCBr.CO.lJ. [lOtl-o’^j. * j )3/3-Di-bromo-»i - cumene C..n .,.CHr 

Forviation. — 1. From aa-di-bromo-n-hutyric rhi tiyl-t'thyl ki't 'ni'-di-hromUh'. Kornied in tho 
acid and alcoholic KOH, Nil,, baryta-wnter, or ; cold by the action of broioiiu' (2 mob-.) upon 
(Michael a. Norton, vim. 2, 15; Krlen- ; w-cumone expoffed to direct sunshine (Schramm 
nieyer a. Miiller, B, 15, 43). 2. From oft-di- I B, 18, 127.5). 
bromo-butyric ether and alcoholic KOI I (Michael j a'a/lTri-bromooi-cumcno 
a.Browne, /lm.3,280). -3. Together with broino- ! C„ll .,.CIIHr.OHl)r,(JH Br. Stycerm tri-hrom- 
pyrotartaric acid by the action of bromine on ; lit, dun. [124*^1. From cinnaniyl bromide and Br, 
propane tri-carboxylic acM (BischolT a. Gutlizfit, ; <*r by tho aeti«m of lIBr on the dihroinido of 
B. 14, 61G). i oinnamyl ale.diol (flrinianx, />'/, 20, 120). 

Properties.— Louii needles (from water);! Tetra-bromo-// -cumene CJIJir,. Liquid 

needles (from ligroin) ; m. sol. cold, v. sol. hot, ^ (Kittig, A. 1-43, .327). 

water. — Ag.V : wliito needles, quickly ulTocted by j o-Bromo- cumene CJl.Bi lV fl:2]. Jiiomo- 
light.— BaA'j 2aq. n:o/ovtpi//-5c;;c<'n«'. (20(» ’cor.) at 710)nm. From 

vl Z/o-a-Bromo-crotoriic acid isopropyl-pln nol and I’lh*., (l-’ileti, (/. 10, l.'U). 

CHj.CILCUr.CO.lI. [30 ’J (K.) ; [02'’] (M. a. N.). p- Bromo- cumono CJl.BrPr [1:1]. (217). 
From u/3-di-bromo-hutyric acid (dibroniiile of S.G. l .’UHI. Pn pared by bromiimting 
crotonic acid) by treatment with alcoholic KOI I cumene at 0 in ]ire.-i iiee of I (.Jaecibaen, B. 
(Michael a. Norton, Am. 2, 15) or NaOIIAq (C. 12, 130). With henzene, Na, and CO, it gives 
Kolhe, J. pr. [2] 25, 331). nuninie. acid (ll. .Meu r, ,/. pr. (2) 31,ti3). 

Properties . — Long needh'S (from water); Penta-bromo-i umeno C,,li Br.,. i37 j. From 

needles (from ligroin) ; in. .sol. hot wabT. - Ag.V': cumene and Br (Mi'o . l, Z. 1hi’» 7, 322; Fittig, 
needles, little affected hy light. iSaA'.., 3i,aq. - vl. 1 13, 320). Needles; el. nol. <;old alcohol. 
CaA',,j3a<i. ‘ Bromo-C'Camtmo C„ll.(Cll,)Jlr [1;2:4:5]. 

B-Brorao-crotonic acid CII,.CBr:CH.CO,JL [73 j. (2.17 ). While piules. 

[0.5°]. From totrolic aeid and cone. llBr.V.j at Pornu.tl ni. \. I'.y the action of cuprous 
0° (Michael a. Browne, .Im. 0, 277; J.pr. !2, 35, : hrenide uptc' <iia/o-p: eUilo-cmncno (lialhrr, B. 
258). Flat needh'S (frr'iii water); featiury • IH, 3”).-- 2. By the aclimi of bromine (1 mol.) 
groups of tough needles (fioin ligroin); k 1. .sol. j in the darl tijion jisi'Uiio-cmnenr^ ; tho yield ia 
cold water, in, sol. hot water. -AgA'; amorjihuiis, 30 p.c. (lb m tern, A. 137, 323; Filtig, .1. 133, 
readily alTr'oted hy light. Ba.V'. aq. - KA'. IbH; 115,138; Schramm, 71. 13, 210; Siissen- 

aB-Bi-bromO'Crotonie acid j guth, A. 215, 213). 3. By the action of bromine 

CH,.CBr:CBr.C()Jl. [30']. From tetiolic arid ; upon an aqins.us solulion of })semh»-cumcnu- 
and Br (Pinner, B. 14, 1081). -Boiling with ! sulphonic H<'.id ( 1 :‘2:1;.5j 7<i j>.e. in cmiverled into 
Ag.,gO gives (C,H.,Br),. [110' ]. j hrumo-\l/-cumenc. tlm rem.initler forming hromo- 

BROMO-CUMALIC ACID C.H_BrO.(C0.1{). i if cum< no lulplionic ueid CJJiMe,Br(SOjU) 
[170°]. Formed by llie action ot biomim. <*n ^ [l:2;l;3:5'i (Ko'lbe a Pathe, 7/. 13, 1547). 
cnmalic acid in acetic acid solulion (Pn.bmaim I Bromo - ^ - cumene CJI Me.,Hr |1:2:4:3]. 
a. Welsh, B. 17, 2330). Colourless glistening (220 '-22'.t ). Colonrh-sH oil. Formed by tho 
needles. Can he di.stilled in small quantities. hydr()lyci: «)f thesnliilujnjc.icid C,,lIMo,Bi(SO,Il) 
V. sol. alcohol, ether, acetic acid, and cliloro- ; fl:2:1:3:5, by loeai.fl of i|>. ilu atcil -te.'iiri at 
form, more sparingly in benzene, insol. ligp on. : 2(Kr 210', By M' 1 ami '-a it yields r-tetra- 
Methyl ether A'Mc : [131 prism.if io inetliyi-benzene (Keibe a. Pathe, 7/. J3, 15.51), 

nee^eg, sol. alcohol and benzene^ si. sol. e ther, ' Bromo-»f cumene (J, I LMi‘,Br [t:2:l;(“.; (237^). 
insol. water. Aqueous NTI, converts it into ilm Liquid ; still fluid at 1.5'h Ohtairicil by hydro- 
methyl ether of brom-oxy-nicotkiic acid. ^ lysis of tlie siiipJiorie ac^l |];3:l:5;2j. By suU 

O-BBOMO-n-CUHENE C^l,,Br t.c. C,HJhTr ' ]ihonation it is r‘ eui' cried into the same huU 
[1:23. Bromo-n-propyl‘bcmen€. (222 i. V.). A phonic acid (Jacobsen, Ji. 13, 122.3), 
mixture of this body with the p- isorneride ia j «-Bromo-\f-cumcneC„Il ,(CIL).;,CII.,,C1, P«r«<io- 
formed by the action of Br on propyl-benzene : cumyl bromide. Inquid. Lr i-omposes on dig- 
in the dark or on ethyl-benzene mixed witli I ; lillalion. Formed by the action in direct sun* 
in diffused daylight (Schramm, P. 18, 1271). j shine of 1 mol. of bromine upon 1 mol. psoudo- 
KMnOi gives o-bromo-benzoio acid. | cumene (Schramm, B. 13, 217). 

^Bromo-n-cumene C..H,BrPr [1:4]. (220° j Di-bromo-4*-cumeiie CJlMe^Br.^ [1:2:4:6;6L 

•or.) From C^HjPr and Br at 0° in presence of i [04°]. (234°). Formed hy the action of 1 moL 
| .^6yer a. Miiller, B. 15, 038; B. Meyer, J,pr, ! of bromine upon 1 mol. rnono-bromo-pteudo- 





cumene by gasligbt, or in the Wb (Sobramm, 
3wiobaen, B. 19, 1220). Long flat 
needles, v. sol. alcohol. 

.»3-Di-bromo.\|^-ottmene CgH,(CHs) (CH^Br), 
[1:2:4] . Paeudo-cumyletic bromide. [97°J. Flat 
glistening needles (from petroleum-ether). V. 
Bol. alcohol and benzene. Formed by the action 
of 2 mols. of bromine upon 1 mol. pseudo-cumene 
in direct sunshine (Suhrarnm, D. 19, 218 ; Hjelt 
a. Oiidd. n. 19. 807). 

TrL-bromo-\^-cumene CaMe^Br, [1:2:4 :3:5:C]. 
[220'^] or cor.]. V. sol. hot toluene, si. sol. 
alcohol. Formed by the action of 13r (.3 mols.) 
in the dark •’‘on «f^-cuineno (1 mol.) (Fittig a. 
liiinbinger, X‘l5T;*204; Schramm, B. 19, 217 ; 
Jacobse.tJ, li. 19, 1222). 

BROMO-v|/-CUMENE-SULPHONIC ACID 
C«IlMo,Br(SO,]I) [1:214:0:0]. [c.l21'»]. Formed 
by dissolving bromo->k-cumenc 173®] in warm 
slightly funiing il.SO^. Needles (containing 
2aq). By treating the Na salt with zinc-dust and 
atiueouB Nil , it is Jebrominated with production 
of ( l,2,4,0)-pseiido-cuniene-sulphonic acid. 

Salts.- A'Na aq. — A'Xa 3aq.— CuA'.j 4nq. — 
BaA',. ',!iq. KA'jki- 

Amide C,HMo,Br(SO,NH,): [18r»«] ; small 
nee<ll<!a, v. sol. /ilc(d»ol, nearly insol. w'ater (Jacob- 
sen, li. 19, 121H; Kolbe a. loathe, li. 19, 1503). 

Bromo-4^-cumone-sulphonic acid 
CJIMo,l{r(SO,ll) [1:2:4:0:31. Formed, together 
witli tliedi-bromo- acid, by the action of ClSOjIi 
upon di-liroma->|'-cuim‘.ne. - NaA'.'.aq. 

Amide (?,llMo,Br(SO,NH,) [108®]; thin 
needles (.lacobsen, Jf. l‘J, 1223). 

Broino-t|/-cuinenc-sulphonic acid 
CJlMe,IJr(SO,ll) 11:2.1:3:0]. (110®]. Colour- 

less needles. Formed Ity the action of bromine 
upon an aqueous solution of pscudo cnrnene- 
sulpbonic acid [1:2: liOj ; 70 p.o. of the pseudo- 
cunu no-sulplumic acid is converted into bronu)- 
psevidu- cumene [73®], tho remainder jitdding 
the bromo-sulphonio acid. It is als(>|^orincd by 
sulphoiiation of lin)mo-pseu<lo-ciimcno [1:2:4:3]. 
The latter body is formed by the action of suier- 
heated .steam u|nm it at 20i)'’- 210®. 

Halts. - • NaA' uq. • K A' aq. Ag.V aq. — 

BaA'.j aq. rbA'.;3jiq. 

Amide CJlMe,i:r(S().NII ) : |lS8®j; thin 
nmlle.s (llelbe a. Fatlie, B. 19, 1517). 

Di-biomo-4-cunjene-8ulphoiiic acid 
C„i\Ie;I’.r.[SO,ll) 1 1:2: F.liO:;!], Obtained by sul 
plioiiation of di - luiuno -pseudt^-cvmeno with 
snlpliuric clilurhydrin. 

Halt s .---Nu A'. NaA' aq.—BaA'... 

Amide C.,M(v,l!r (SO.NII.) : [above 250®]; 
plates {.lacobsen, I . 19, 1222). 

BROMO - ^ - CUMENOL CJ IMe.Br.OH 
[l:2:l:3:5j. [35®]. Formed by bromination of 
psoudo-cunienul in cold acetic acid. Hlcndcr 
yellow needles. Insol. water, v. sol. other sol- 
vents (Keuter, B. if, 29 ; Auwers, B. 18, 2657/. 

Bromo - iao - cumonol C„H,lTBr(OIl) [2:4:1]. 
[49®]. Bromo-isofnvjnjl-jdicnol. From o-iso- 
propyl-phenol (o-isoeumonol) and Br (Fileti, 0. 
16, 117). Beconi pose's at 250®. 

Methyl . fhr r CJljPrBrtOMo). (250®). 

Di - bromo - - oumenol 

C,Me,Br,.OII [l:2;4:3:0:5]. [149°]. Formed by 
bromination of pseiulo-cuinenol dissolved in a 
•mall quantity of acetic acid. Long colourless 


prisms ot osedlas. InsoL water, m. wL alcohol 
acetic acid, and benzene, v. soL ether. 

Methyl ether O^Me,Brj.OMe : [96®l. 

Formed by methylation of the above or by 
bromination of pseudo-curaenol-methyl ether. 
White needles. Insol. water, v. sol. other sol- 
vents (Auwers, B. 18, 2657). 

Di - bromo - 1 ]/- oumenol 

C„Me,Br.,OH [1:2:4:3:5:6]. [162®]. From 

CJIMe^lir., [1:3:4:2:6] (Edlcr, B. 18,630; Jacob- 
sen, B. 19, 1220). 

Di-bromo-iso-cumenol 

CJl,BrBr.,(OH) [2:4:G:1]. From o-iso-cumenol 
and Br (Fileti). Liquid. 

Methyl ether CBlU'rBr,(OMe). (279®). 
HNO, forms a nitro- derivative 
CJljFrBr(NO,)(OH) [2:4:6:!]. [33®]. 

BROMO - CUMINIC ACID C,„H„BrO., i.e. 
CJl 3 Br(Oj,H;)COJi. [151°]. Bromo • •propyl- 
benzoic acid. From Br and cuininio acid or 
silver cnrninnto (Naquet a. Luginin, Z. 1866, 
333; Gcrichlcn, B. 11, 1719). From bromo- 
cyiin'iu* and UNO., (Fileti a. Crosa, O. 16, 296). 

A'xf)-bromo-cuminio acid C..IIJlr.C„II,.CO.,H. 
From Br and cuminio acid at 120® (Czumpelik, 

B. 3, 478). 

BROMO-CUMYL-BUTYRIC ACID 

C, Jl„BiO, i.e. C„lI,Pr.aH,.CHBr.CO.,H. [150®]. 
From cumenyl-orotonic acid and II Br. Prisms. 
Dfcomposod by NaXO, giving allyl-isopropyl- 
bi'iizenc (Perkin, C. J. 32, 662). 

BROMO-CUMYL-PROPIONIC ACID 
C,,ll,,,BrO,, i.e. CJI^Pr.CIL.CHBr.COaH. [87®]. 
From cumyl-acrylic acid and 11 Br (Perkin, G. J. 
32, 6t)l), Bcsolvod by boiling water into HBr 
and cumyl-acrylic acid. Na.^CO.Aq forms vinyl- 
isopropyl-bc'n/.cne. 

Di-bromo-cumyl-propionic acid 
C,lI,Pr.CHBr.(’.HBr.C().,ll. [190®]. Fromcumyl- 
acrylic acid and Br (Widm.-vn, 11 10,258). 

BROMO CUMYL-VALERIC ACID 
C.^H,„Br()., i.e. C,41,Pr.C3ll„.CllBr.CO.,lI. From 
I cuiut'nyl-ungclie acid and 11 Pr. Prisms. 

' NaXO^Aq givt.s isiqnopyl-bulcnyl-benzcno (Per- 
kin, J. 32, 663). 

BROMO - CYANO - BENZENE v. Nitrile of 

BlloMO-UKNZOlC ACH>. 

BROMO-p-CYMENE C,„II,.,Br i.e. 
C„H 3 (Cll 3 )(C;,lI;)Br [1:4:2]. Bromo -p -methyl- 
n-propyl- benzene. (234® i.V.). S.G. 1 '27. 

Formation.— 1. From cyincne and Br (Lan- 
dolph, B, 6, 267).— 2. Together with bronio-p- 
cymcnc - sulphonio acid CrilLMePrBr(S 03 lJ) 
[1:4:5:2] hy tlie action of bromine upon an 
aqueous solution of p-cymcne-snlphonio acid 
(Kolbe a. Kusebitzsky, B. 19, 17.30).- 3. Tho 
same or tho following bromo-cyineno is formed 
by hydrolysis of broino-ji^-e.ymoiic-sulphonic acid 
U,ll.*MoPrBr(SU,i[) [1:4: .".or6 :2! (K. a, K.). 

Bromo-p^cymeno C.,IL(Cn,)(C,IL)Br [1:4:3]. 
(232°). Fron> thymol and PBr^ (Fileti a. Crosa, 
G, 16, 287). Formed also by tho action of 
bromine upon an aqueous solution ofp-oymene- 
snlphonic acid (Mc:Pr:SO,lI - 1:4:3) (Claus a. 
Christ, B. 19, 2165, v. supra). 

Di-bromo-p-cymene C^H.McBr^Pr. (272’). 
S.G. 1-596 (Claus a. Wiminol, B. 13, 903). 

(a)-Bromo-m isocymene OJIjMePrBr [1:3:6]. 
(225® cor.). Formed, together with bromo-iso* 
eynieno sulphonic acid, by tho action of bromintf 
I on >/t-isocymeno sulphonio aoid (Kelbe, J. 210, 



BROMO-DTOBNE. m 

IS} SS5» 9S1). Oxidised dilate HNOg la e^enol with a soIqUos oI iNramUia in HBr 
bromo-toloie eoid [210°]. (Jesarun, B, 19, 1414). 

(jSi.Bromo-iiocymeae OeH,Me(Pr)Br [1:3:4]. BROMO-CYMlDINE C,H,l\feBr(0,H,).NH, 
(224°). Got by distilling CjH,.^ro(l*r)Br(SO,K) From bromo-nitro-oymeno. Licjuid (Maatara, 
[1:3:4:6] with superhoatod Rtcain (Kelbea. Czar- <?. 16, 193). 

noinski,.4.235, 293). Diluto HNOsOxidiso.-i it to BRO M 0-DECANE i*. Pkoyl DHoMtnfc, 

bromo-tolui(j acid C,ll,MGBrC(>.H [1:4:3] [lo:V’]. Di-bromc- decane C,oll.„Br,.. Ik'cykm 6ro»i« 
Di-bromo-m-iBOcymcno C,„ni .Br... (273'’ i iWr’. Oil. From potrolfuin dcM'yJcno (Ueboul a. 

ancor.). Obtained by bromiimiin;' (a) broino* ; Trucliot, .4. 1 l-l, 24S). 

t»-isocymene sulphoiiic acid (Kelbe a. (.’/ar- ; * Di - bromo - decano C,„lI.„Br.,. DuimijIcM 

nomski, .4. 235, 281). Converlcd by finniiv' IINO^ i bromitl,'. From diainyl- iu' and tir (Bauer, A. 
intonitro-bromo-iso-cvnuneC'iJl, .^NOJlir [HU J. | 135, 311). Liquid. Afeuhi lie KOli gives rutyl- 
Bromo.p-cymene-aulphcmic acid * ! eno C„,Ilj„ (150 '). 

C„ILMerri>i(SOJl) [1:4: 5«nri ;2]. il/omo ;)- j Tri-bromo-docane C,„II F Oil. From 

inctliijl~n-pro2Mjl-hv)i::t )it‘ iiulnh ‘iiiciiciil. I'onnr^, \ iVianiylcim and Br (V. alz, Z, ISOS, 316). 

together with bronio-p cyincne C',;!] ,Mel‘i Itr : PecoinpoRoh at 100 '. 

[l:4:2j, by tho action of brniuiuo upon /' cviiionr- ! Tetra-bromo-tlocane C^iHj^Br,. Mt'intlien$ 
sulphonio acid C„U ,Mi*l’r(S(),lI) |l:l:2i in ' tL‘ti\ibnniiiJt\ Fiom nienl Ik lu* and Br (Beckett 

aqueous aolutioii at 40 ’ -50^ (Kelbea. Ko'^oiut/.ky, ; a. Wri^^dit, (i/ liriti^Jt .U'.s*. Is75, ii. 38). 


B. 19, 1730). Formed also frouj ovniidiiu* 
Bulphonation and dia/otisution (Widman, 

19, 248). Sodium amalgam reduces it to n- 
cynieno sulphonio acid. 

Salts. K.Vaq. BaA'.2U<l. S.latl7’.— 
BaA'.,l,'.a.i.— CuA'.riaq. 

Am'iilc CJ!,Mel’rBr{SO,NII,): [1.52 J. 

Bromo-/i-cymenc-sulphonic acid 

Br(SOjll) [1: 1:2:5;. Fonin d by ml- 
phoiiatioii of bromo-p-cymene (1:1:2) with H.SO, 
(Kclbo a. Koscliit/.sky, Ji. 19, 17.12; Claus a. 
Christ, i>. 19, 21 (i3; Bcinsen a. Bay, Am. 5, 
151), or (.’ISOjH (I'atenio a. C:in/,on< ri, G. 11, 
120). Long needles oontaining 3at| [c. «‘»0 ']. By 
zinc-dust and Nil, it is cu'^ily debrominated to 
2>.cymene-siilp}K'nio acid (1:1:5)?. 

Salts. K.V'Oaq. — I’l'A'.. S. 21 at 30'.-- 
AgA'.- C;iA'.. Haq. NaA' l'aij (B. a. 1>.). - 
ZnALHaii (it. a. l.>.).--M;'A'..9',aij (It. a. !>.). — 
Ca.V.tt'.aq (It. a. D.). - Ca.\'. tlaq. - BaA'. ):iq 
(U.a.'D.). J;,iA'..5aq. S. l-.'lTal 27 Cu.V.. x.u]. 

A^nido C,ll .MrPrBi^SO NlI..): [IbH ] 
(K. a. K.) il95^J (C.'h. C.). 

Chloride C.,lLM. l'rr.rSO/’l :H2 ’J. 

Bromo-p-cymene-sulpliouic acid 

C, H.,(CIl,)(C,H.)Bi(SO,lJ) [1;4:5;3\ [180'’ 

uncor.l. Formed by bromination of an a-pn ous 
solution of p - cymene - sulpbonic acid 
CallsMcr’rpSO;,!!)' 1:4:3]. (ilistening co!ourJe;'a 
plate.s (Claus a. Christ, JS. 19, 

(o)-Bromo iso-cymene sulpbonic acid 
C„U,Me(l’rlBriSO,Il) [l:3:(;:r. '0.5 ] and fl2r, -]. 
From (a)-broiiu) iso-cymeiK! by Knlplionati'-n, or 
from (8)-i. ocyimsM: sulpbonic aei«l by lu umna- 
tiou (Kelbe a. Czarnomski, A. 2.3.5, 277). N«- dU s 
containing :Jaq (from water). After a woek’o 
exposure over ILSO, it nn It.s at J20 Suits. — 
BaA'„ 7aq, - CuA*. 7aq. • KA' aq.- NaA'2aq. 

Am i d c C,.,I1 ‘.Br.SO ,N 14:171;. 

(iS)-bromo-ni-i 80 -cymene sulpbonic acid j 
C,pH,.,Br.S(),H i.e. C,U,MefC,H.)Br{SO,IJi i 
[1:3:4:C]. [109‘’]. Forimsl Ijf bromination o^ i 

fw-isocymenc Bulphonic acid (Kelbe a. Czar- 
Domski, A. 235, 272). Sal ts, — BbA^^iq. — 
BaAj. — CuA'.,4aq. — KA' aq. 

AmL?e.-C„.H,,Br.SO Nib. ritVi’]. 

BROMO-CYMENOL C..II Ab f’iBrp)H) 

S l:4:3:2or(j]. From auiido-cynKnol by the ; 
iinzo- reaction. Oil (Mtizzara, 6'. !♦», 191). 

Tri - bromo - cymenol CpMe(CjH,)Br,(OII) 
[2(1:1]. [222’]. Glistening golden plates. 

Formed by shaking an aqueous solution of 


by . thl, split up by distillation into llBr and 
cyiiKiio, 

Tetra-bromo dccano C,„II,„Br,. Jkccnylmc 
(,lr<i bromiiic. From dci inotio (1().5‘ ) and Br. 
Oil (Koboul a.Truchot, .1. 114, 219). 

Tetra-bromo-decane C,„Il,J4r,. I’tom allyl- 
luopylbbme propyl-mctliane (158'^) and Br (Ko« 
loiaiiatskv, ./. pr. (2j 27, .389). 

DI-BROMO-DECINENES C,plI,,Br. Bcficribed 
as hydrobromides of terpeiies. V. aho Boknyl 
luaoniu;. 

Di- bromo -docineno C,ylI,^Br.;. From di- 
amyleno and Br, ]). 211. 

Tetra-bromo-decinouo C,ulf,,ltr,. Di-bromo- 
j camphilidaie dihiomide [ It'.O’- 101‘’|. From 
oatnphor and BC4Br_, (Bo la ltoy(>ro, lil. [2] 88, 
579). IJ net nous tubh s. 

7-BROMO.DECOIC acid C,„ll,„Bj0.i t.e. 
C„H,.^.CiIBr.CI4 CII .Ct) H. From deeonoio 
acid (<;. 1’.) and IlBr (Schneti'ans, /I. 227, 92). 
j iliavy oil. Na^CO., removes HBr forming the 
budoj.a of oxydccnie a<-id. 

Di-brorac-decoic acid Di bromo- 

cajffi:. acid. [135 'J. From deecnoic (‘arnydecyl- 
enio’) acid .ind Br (Hall a. Sclioop, li. 12, 194). 
Monociinic jiriams (from benzene). 

DI-BROMO-DECYL alcohol C,pl4„Br.,0. 
Oil. From allyl-di-isopropyJ-eaibinol and Br 
(Lebcdiiisky, J. ptr. [2J 23, 22). 

BROMO-DECYLENE C„H,J{r. (215 ). S.G. 
F5 1-109. Oil. From decylene bi'ornide (v. sup.) 
an<l alcoholic KOH (Keboul a. Tiuebot, A. 144, 
2ls). A'eoliolio Foil foinis C,yH,p (105'’) aud 

c,ji,,of.l 

Bromo-decylene v. Mknthyl huomiuk. 

Di -bromo -decylene 0,^11, „Br,,. Dveinem 
bromide. Oil From C,,,^1 ,h aiid Br (li. a. T.). 

Di-bromo-docy’sne (',„.l,„Br,. FruJu ter- 
pilene hydride and Br (.Mtiiilgolllor, A. Ch. [6] 
49, 15H). 

Di-bromo-decylciie C,„H,Jir,^. From ruiyL 
one and Br (Banei. 1 . lAo, 34 4). 

BI-BROMO DODLCANE C„ir,,Br, [-15°], 
Dodecylem bromide. Formed by the addition ol 
Br^ to dodecylcne (Krafft, Ji. 17, 1371). 

‘brOMO-ISO-DURENE CJlBrMe, [1:3:4:5:61. 
(2.53’). Idquid; solidilied by cold (Bielcfeldt, A. 
198, 388). 

Bromo-s-durene CJIMe^Br [1:2:4;5;3]. [61^. 
By bromination of durene (Gissmann, A, 219, 
210). Pearly plates (from alculiol). 
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(i:2:8:4:5:6]. IH-brvm-j^iihnuens. Train 
Prisma (Jacobsen, B,19, 

1218 ). 

Di-bromo-lso-durene 0,oH,.J3ra [1:3:4:6:2;6]. 
[209°]. Long fine needles. SI. sol. hot, v. si. sol. 
cold alcohol. Prepared by bromination of iso- 
dnrene (Jacobsen, B. 15, 1853 ; cf. Jannasch, B. 
8, 85G). 

Di-broino-s-dnrene C^^Me^Br.^ [1:2:4:5:3:6]. 
[203°]. ‘Needles (from alcohol) (Fittig a. Jan- 
nasch, Z. 1870, 101 ; Friedel a. Crafts, A. Ch. 
[G]i,r,ir,). • 

BROMO . iy<JlCJfi57i)L C.JI. Br.OII [118'^]. 
Formed by bromination of durcuol in acetic acid. 
Long prisma. V. sol. alcohol and ether, insol. 
water (Jacobsen a. Sclinapauff, B. 18, 2814). 

DI-BROMO-ENNANE CJI„Br,. Nonylcttc 
bromide. From lb and cnnyleno (from parallin). 
Alcoholic KOII forms bromo-ennylciie C„lJ„Br 
(c. 210 ') ('riiiinx; a. Young, A. 105, 1«). 

BROMO-ENNOIC ACID CJI,.,.C,II,I3r.CO,lT. 
From ennc noic acid and HBr. Decom- 

posed by warm ai|iU'ous Na/JO., forming an oil, 
probably (Scbnei gaiiH, A. 227, 83). 

BROMO-tNN YLENE t'. Di-buomo-ennani:. 

BROMO-ERUCIU ACID (UI„BrO,. [.'bH. 
From di-bromo-bchenic acid and alcoholic KOII. 
Converted into belicnolic acid by alcoholic KOII 
(llausskiiccUt, A. 143, .50). 

Dl-bromo-erucic acid 0.dI,Jlr./X. [47°]. 
From bchenolic acid and bromine (fl.). 

BROMO-ETHANE V, KtIIYI. nUOMIBE. 

Di-bromo-ethane v. Etuym.nr buomide and 
Etiiylidknk buumidk. 

w-Tri-bromo-e thane (Ull5r,..OHJlr. Bromo- 
ethylene bromide. (18S ) at 7.52 mm. S.G. 
2'G18'I; 2-G107 (Ansebiif/., A. 221, 138), 

M. M. 12'Hll7 at 11‘7°. From (’lllhd’ll,, water, 
ivnd 13i (Wmtz, .4. Ch. [3] 51, Als(» formed 
by the action of Hr (ui ethyl bromide, ^ethyltmo 
bromitio, or iodo c thyleno (M. Simpson, i\ M. 
[4] 14, 544 ; Caveiitou, A. 120, 323; TawildarolT, 
A. 17G, 22; Stm-del, R 11, 1711). 

BciU'tions. 1. Alcoholic KOlI gives 7/-di- 
bromo-elhyloiu', luoiiHi-acotylfne, and acetylene. 
2. M-Di-broino t'lhyli iii' is al.so formed by tho 
action of aleoliolic KOAc, water and PbO, and 
NaOKt (Michael, .Im. 5, 1U2). 3. SbCl. gives 
CHCl,.CIldh' ( Henry, 7R [2J 42,202). - l.’lJonz- 
eiio in presence of AlXl,, pii)duces» Intmio-honz- 
ene, s di phenyl j'lhane, and u-di-phonyl-ethttuo 
(Anschiit/., .4. 235, 3.33). 

a-Tetra-brorao-ethaiio CBr,.CIl.J3r. Acetyl 
uienetetra bromide. (103-5'') at 13*5 mm. S.G. ~ 
2’y2lG. From CBr.jiCll., and Br, (Anschutz, /I. 
221, 140; Lennox, C. J. 13, 200; Boboiil, A, 
124, 270). Also from tri-bromo t thane and Br 
(Denzel, B. 12, 2201#'. Decomposed by heat, 
giving oil Br^ and HBr. Converted by bon/.eno 
and Al..Cl„ into n-di plienybethane. and .s-tetra- 
phcnybctliane Clil’li^.CHPli.. [210']: bioino- 
Donzone and acetylene dihromido being also 
lorinod (Anscliut.'., .4. 235, liU>). 

s-Tetra-bromo*cthane CHBr.,.CIinr.„ Acetyl- 
ene tetra-bromide. (114^) at 12 mm. S.G. ^ 
2*9f»29. Acotylona, from C.H,Br^ and alcoholic 
KOII is passed directly into bromine. Tho pro- 
duct, containing CllBr.^.CHiBr, is treated with 


mSS riiiiS^oit utd^OBBtiOBBr ii iM. 
taM by fraetiotial dlstillatiM 

221 bromine (AnBobaU, 

Pro/Jcrfics.-Smells of camphor and chloro- 
form. Takes up moisture from air, becoming 
cloudy. At 185° it begins to decompose, giving 
off Br^ and HBr, and leaving CJlBr,. With 
water and bromine at 185° it givo.s G.Br^ and 
C.^Br„. Boiling alcoholic KOTl foims a'cetylene 
and bromo-acetyleno. Zinc added to its alcoholic 
solution fornis acetylene dibroniide in the cold, 
but on warming it forms acetylene. With bonz- 
ene and AhCl^ it forms bromo - benzene, M-di- 
phenyl-ethane, anthracene, and antliraquinone 
(Anschiitz, A. 235, IGl). AljCl^ alone forms 
^ CIlBr..,.CHaBr and C^Jr^. Toluene and AljCL 
! give di-mcthyl-anthraceno [225°]. o- m- and 
2)- xylene appear to give tetra-nicthyl-anthra- 
' cenes. 

Penta-bromo-ethane CBra.CBr .lI. [10°J (S.); 
[54°] (D.) ; [57°j (B.). (210°) at .300 mm. 

Funnatioii. ~l. Fr&m CIIBr;l.’Br;j and Br 
(Lennox; Sabanejeff, A. 21G, 281). — 2. From 
bromo-ethylene and Br (Denzel, B. 12, 2208). — 

! 3. From bromo-acetylcnc and Br (Keboul, A. 

' 124, 208). —4. By spontaneous decomposition of 
' tri-broino-etbyleno exposed to air (Demole, Bl. 
[2] 34, 204). — 5. From acetylene tetrabromide 
and Br (Bonrgoin, Bl. [2J 23, 173).~G. From 
succinic acid, water, and Br (Orlovsky, J. R. 
9, 2H0). 

Hexa-bromo-ethane C^Br„. Carbon hexa- 
bromide. Formed by brominating (IBr^H (Re- 
boul). Formed also by tlic action of Br and A1 
on CCI4, C.4CI4, or C.C1„ (Gust:iv.son, J. It. IJ, 

: 287). Also from iniicobroinic acid, water, 
and Br at 130° (Dolbriick, A. 253). Prisms 
! (from CBJ ; insol. alcohol. At 200 ’-210° it 
decomposes, witliout previous fusion, into Br 
i and C.B!,. Unlike the latter, it is not volatile 
j with steam. 

I BROMO - ETHEN Y L - N APHTHYLENE-DIA- 

C.CTI, 

.C — -0 

c.ii/ I 

\CBr : CII 

[220°]. Formed hy reduction of the acetyl 
derivative of (1:3: i)-broulo■nill•o-(a)-naphthyl- 
ami1lo with Snt'lo. Small white needles. V. Bol. 
alccihol and ether, insol. water. Thn cthenyl 
group is very stable. Balts. — BTICI.— 
BMI-SO," : sparingly soluble needles. — 

BTINO,* : fine while sparingly solnhlu needles 
(Prager, B. IK, 2100; ef. Mehloia, C. J. 47, 605). 

BROMO-EITHOXY. r. Bkomo-oxy-. 

BROMO-ETljyL.ACErO-ACETIC ETHER v. 

BroMO-ACETO-ACKTIC KTItEU. 

i/ Bromo-othvl-acoto-acetic-ether C^Hi^BrO, ^ 
i.c. CfL.CO.CIIirGLt).CH,.CJI,Br. Heavy yeU 
lowish oil of camphor-like odour. Not distillable. 
Formed by dissolving triniethylene-methyl- 
CH,. .CO.CH, 

ketone-carboxylic ether ( ill 

CH/ \CO.,Et 

three times its weight of .strongly cooled cone. 
HBr (1*85 S.G.), allowing to stand 10 mins, 

15° and pouring into iced water. By bofltaif 



IfUii B€1 ilif oobfvfltd into iof^ pnipfl al6a> 
hoi CH^Ck>.CB:^OH^CHrOH h. p. 46) wiUi 
bmotion ol alcohol, 00,, and HBr (Perkin, jon., 
a. Freer, 0. /. 51, 833, A 19, 2565). 

BBOMOoETHTL AXCOHOL v. Glycol brox- 

BTORIN. 

Dlbromo-ethyl alcohol CHnr,.CH,OII. (180°). 
S.G. - 2*35. Prom bromo-ethyleiie and dilute 
EUBrO (Demole, B. 9, 49). Reduces ammoniaciil 
AgNO,. Alcoholic KOH gives bromo i thyleno 
oxide. Acetyl derivative CHBrj.CH,.OAo. 
(194®). S.G. ^ 1-98. 

BKOHO - TRI - ETHYL - AMINE. FAhylo- 
bromide CjHjBr.NEtaBr. From NEt, and 
ethylene bromide. Alcoliolio KOH forms 
C-^Hj.NEtjBr (Hofmann, C. It. 49, 880). 

p.BBOMO-ETHYL-ANILINE C,.H,Br.NIIEt. 
From p-bromo-auiline and EtBr (Hofmann, A, 
74, 145). 

p-Bromo-di-ethyl-aniline C^jH^Br.NEt^. [33°]. 
(270°). Needles or prisms. Formed by bromi- 
nation of diethylanilino (Claus a. Howitz, B. 17, 
1827). 

p-BROMO-ETHYL-BENZENE CH,B)Et 
[1:4]. (204°). S.G. 1?;^ 1-34. From p-etliyl- 
benzeno, Br, and I (Kokiil6 a. Thorpe, C. J. 22, 
860). From CJI^Br.^, EtI, and Na (Aschen- 
brandt, A. 216, 2*22). Does not solidify at 
—20°. A mixture of o- andp- otliyl-benzcnes is 
formed by the action of bromine in the dark 
upon ethyl-benzene, or by the action of bromine 
in presence of 3 p. c. of iodine upon ethyl-benz- 
ene in diffused daylight (Schramm, B. 18, 127*2). 

w-Bromo-othyl-benzeae C„lli.Cl I ,.C1I ,Br 

(c. 148°) at 30 mm. S.G. *3 1*311. FmWdhy 
direct combination of styrene with llBr(Bcrnth- ! 
Ben a. Bender, B. 15, 1983). Formed al.so by 
treating a mixture of benzene and broino-othyl- 
ene with Ab.d^ (Hanriot a. Guilbert, C. It. 98, 
625). 

a-Bromo-ethyl -benzene CJl.CnBr.CH;,. 

(87°) at 17 mm. (c. 150 ) at 600 mm. From Br 
and ethyl-benzene at 140° (Radziszewski, B. (5, 
492; Berthelot, C. II. 07, 328; Anscduilz, A. 
235, 3*28). Formed also by passing lIBr into 
cooled phenyl-mctliyl-carbinol (Engler a. Botlige, 
B, 7, 1125). Partially decomposed by distilla- ; 
tion into styrene and HBr. j 

»-a-Di-bromoethyl-benzena I 

Ph.CHBr.CH.Br. [74°]. (140^) at 15 mm. 

Styrene di-bromide. 

Preparation. — 1. P’rom styrene (10 g.), «'tl>er 
(26 g.) and bromine (17 g.) (Blyth a. liofmaun, 
A. 63, 300; Zincke, A. 210, 288). -2. From Imt 
cthyl-l)enzeno and Br (Radziszewski, B. 0, 493 ; 
Friedel a. Balsuhn, BL [2] 35, 5.5). 

Properties. - White plates or needles (from 
80 p.C. alcohol). V. c. sol. ether, benzene and 
glacial lIOAc, v. sol. alcohol or bv>zoline. 

Reactions.—l. KOAc and alcohol at 100 ' , 
gives chietly /S-bromo-styren# (l.’iO^-lO'' ’ at 4 
75 mm.). — 2. KO.\c ..nd glacial HOAo ggives 
chiefly the dia'^talc of phenyl-glvcol, ^ 
Ph.CH(OAc)CH2(OAc).-3. Alcoliolic KOji or ; 
water at 190° give a-brotno-Htvrene (Glastr, A. ' 
164, 154).— 4. Gives PhCH(6n}.Cli,(OH) by j 
treatment with AgOAc, alcohol ai. 1 AgOBz, or ! 
Aqueous K^CO,. AgOBz in presence of toluene ' 
iMma Ph.CH(0Bz).CH2(0Bz).— 5. Benzene and | 
giyc i-di-pbenyl etbane (Anschiitz, A. 

«M38). I 


O«BL0&Br.0BtBr, 
^8°]. From «>biomo^Biyrena and Br (Fittig a. 
Binder, A. 195, 142). Acted upon by benstiM 
and AlaClfin presence of GS^, it is oonverted 
into s-tetra-phenyl-ethane [209°] M.). 

Tetra-bromo-ethyl-bensene (!gH.,Br 4 . From 
di-bromo-ethyl-benzene and Br (Kinnioutt a. 
Palmer, Aw. 6, 387). 

Penta-bromo-othyl-benzene (\H.,Br,. From 
ethvl-bcnzene, Br, and Al-Br,, ^Gastavson, Bl, 
[2] 30. 2*2). 

Oi-bromo.di-6thyl-benzen..> C, II ,(C JI.Br);,. 
(200°-23l)') at 30 mm. Frouj bromo ethylene, 
benzene, and A1..C1„ {llanri«>t a. Guilbert, C. if. 
98, 52.5). 

Bromo-tetra-ethyl-benzene CJI(O.Jl^)^Br 
(284° uncor.). Heavy liquid (Galle, B. 10, 1746), 

Di-bromo-tetra-ethyl-bouzoiio C^(C^J IsliBr,. 
[75°]. (above 330°), Prisms. V. sol. alcohol 
(Galle, B. 10. 1745). 

BROMO-ETHYL-BROMIDE v. Di-bromo- 

KTIIANK. 

BROMO . ETHYL BROMO - ACETATE v. 

BuoMO ACETIC ACID. 

BROMO-ETtiYLENE CJI,Br i.e. CIIBriCH,. 
Vinyl bromide. (Ki ’). S.G. ^ 1-5107 (AusehUtz). 
P’ornu'd by the action of alcoholic KOH upon 
either <li-bromo-elliano (Uegnault, A. Ch. [2] 
.59,358; Beilsleiu, J. l.%l,r)09; Gloekner, A. 
Snyyl. 7, 109 ; StunenolT, J. 18(>1, 480). Formed 
also from acetylene auil HBr (Hel)oul, 0. if. 
74, 917). Gas or liquid ; when kept in a sealed 
tube and exposed to sunliglit it changes to ail 
amorphous jiolymeride, insol. water, alcohol, 
and ether; S.G. *2 075. This substance carbon- 
ise.s when heated (Hofmann, (J. J. 13, 08; Bau- 
mann, A. 1()3, :5()8) ; it is not affected by boiling 
alcoholic KOIl. Polymerisation is arrested by 
the presoiico of Mel or Etl, ljut not by chlo. 
rinalcd or brominated hydrocarbons ; a little I 
Fttq)S polymerjaation of tlio liquid, but not of 
tiu! ga.‘». An !ine arnj.sts, but 80.^ promotes, the 
cliaiigo (Lwow, JJl. (2J 35, 109). 

licdctum.H. -1. Split up inti) HBr and acetyl- 
ene by alcoholic KOI I, NaOEt, NaOG^H,,, or am- 
moniacal AgNO, (Sawilsch, Bl. 180J, 7 ; A. 119, 
185; Mm.snikoir, Bl. 1801, 12; A. IIH, 330).- 
2. Cone. HBr at 0° forms .v-di-bromo-ctliano ; n 
more dilute acid gives 7i-di-bromo e.tliano (Ro- 
boul, A. 1.5.5, 29. 21*2j.~.3. Fuming HCl at 100° 
forms CHj.CTIBrCl.— 4. Cone. HI at 4° gives 
(’ll,.CHP-I; at 100° it forms uIhc Gii.l.CHjBr. 
(U.). ~ 5. Aqueous solutions of metallic 
salts either have no action or split it up 
into acetylene and HBr (Kutsclioroff, B. 14, 
15;t2; Linneoiunn, A. K3, 317; Haytzeff a. 
Glinsky, Z. [2i 3, 0?5). 0. .luc a-ssive treatment 
with cone. 11^80, and water fomis crotonio aide* 
hvde (Zincke, A. 10'. 370).- 7. Aqueous BrOH 
at 0^ gives CHBr,.( if Oli. CIlBr^.CH^r, and 
C,II,BrO, [40 ' 45 j dU) p (Demole, B. 9, 49).— 
7. Dry oxygen at ' has no action.— 8. ICl 
forms CIHkl.CH^jCl and a less quantity of 
CH.l.CHBrGl (Henry, C. R. 98, G80).-9. With 
brmzeiie and A1,C1,; it produces styrene, ethyl- 
benzene, «-di-phenyl ethane, and di-meihyl- 
anthrucene dihydridc (An!»clnitz, A. 235, 331). 
If elevation of temperature be avoide<l and tho 
AJ,CI, be slowly added the products aro 
O.H,.C,H,Br and CJl,(C,H,Br), (Hanriot a, 
Ooilbert, C. U. 98, 625). 
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i-Di.bromo-ethyl0n« OHBr.OHBr. AutyUn$ 
Hbromidt. (UO®-U10). S.G. 2*2714 (An- 
BchUtz, A. 221, HI) : 2*268 (Saban^eff, B, 9> 

1441 ; Plimpton, C. J. 89, 636) ; 2*223 (S.). 

V.D. 6*47 (calc. 6*44).— Formed by miidng acetyl- 
ene tetrabromide (100 g.) with alcohol (20 g.) 
and adding zinc dust slowly, with cooling (A.; c/. 
Saban^eff, A.216,252). 

Fropertifis.— Oil ; dons not polymerise. ^ 
Reactions. — 1. Heated for several days with 
60 pts. of water at 135'’, it is not affected. — 
2. Heated with dilute KXO3, bromo-acetyleno 
is formed, which is spordancously inllammable. 
Alcoholic Kl^H and aqueous KCy also form 
bronio-acetylciie.— Heated with dry KOAc at 
160'’ for two days it forms CHlir:CH(OAc), the 
acetate of bromo-vinyl alcohol (Sahan^eff, JJl. 
[2] 41, 263). — 4. Heated with AgOAc and a 
little HOAc at 100'’ it forma a cornpouml 
C.^14Br.^2Ag()Ac. This is decomposed by HCl 
with evolution of acetylene. -5. Comhiries with 
AgNO,.- 6. With alcoholic KCN it forms a com- 
pound which, on Baponilicution, gives an acid 
0,H.(), flOO^-lCrt^J. Us silver salt isC.II.Ag.Oj 
(S.).-7. Alcoludic KOl’h gives CHBr.CHOPh. 
(c. 223'*); S.H. i'S MH5. 8. With alcoholic 
NMe, at 120’ it forms KMe^lir, NMcallBr, 
NMo.,H..Ur, and (Mirhonaccoua bodies: 

* ‘iNMe, + C.II ,lJr,---2NMe,HBr + C., 
(Plimpton, C. J. 31), 530). — 9. With NEt, it 
acts similarly. — 10. Acts upon benzene in 
presmico of Al.^Clj forming CHUrj.CILBr, 
anthracene, and CU.^Ph.Cll.Ph (Anschutz,* A, 
235, 153). 

'n-Di.bromo-othyleno CBr,:CII... AcetylUcne 
dibromide. (02'’) at 751 mm. in COj. S.G. 
2-17H0 (AnscliUtz), From CHBr,.CH,J3r by 
treatment with alcoholic KOH, NaOEt, sodium, 
or solid KOH (Cahours, (/. R. 31, 293 ; Fontaine, 
C. R. 70, 1361; Sawitseh, A. Ill), 183; Pehoiil, 
A. 124.270; TawihiarolT. A. 17<h 22; Michael, 
Am. 5, 192). From (’l’ir,.CH..nr fly baling with 
alcohol utid KOAc (Demoh*, HI. [2] 29, 205). or 
by treatment with zinc and alcohol (SabaneetT 
A. 216, 25.5). Also from UH Cl.CHBr, and al- 
ooholic KOH (Henry, lit. [2] 42, 26*2). 

i’ro2>cr/n’.s-.— Pungent liquid, attacking the 
©yes. lleudily absorbs oxygen, changing to 
broino-aectyl lirumido. Polymerises with groat 
ease, becoming solid. 

neu.y.i H BrO formaCBr,.CO.CII...CBr, 
[90^’J. S.G. (Demon*, B. >1,^1710). -2. 

Benzene and Al^Cl, give w-di-phenyl-ethyleno 
(Anschiitz, .4. 235, 168). 

Tri-brorao-ethylene CHBi-CBr... (163'’-164'’). 

8. G. 2*708 (S. n.l),); a ^-69 (Domolo. B. 11, 
318). From di broiuo-ethyleiio bromide and 
alcoholic KGH (Tjcnnox, .1. 122, 125). 

Preparation. — Acetylene tetra bromide (1 
mol.) is dissolved in t^vice its weight of alcoholr 
and (somewhat more tlian 2 mols. of) KOAc and 
Na^CO, (1 mol.) are added ; the mixture is 
heated on a water bath 24 hours with inverted 
condenser (Sabaneeff a. Dworkowitsch, A. 216, 
280; cf. SabancVff, A. 178, 1*22; Bl. (2) 29,207), 
Reactions.— 1. Alcoholic KOH or Zn and 
lIOEt give a mixture of CJL. and C.HBr,— 

9. Alcoholic KOPh at 100' forms phenyl di- 
bromo-vinyl oxide.— 3. Alcoholic KOPh at 170® 
forms the phenyl derivative of glyoxylie acid. 


PhO.0Hf.CIO3EL^*4. Boaou upon bMiione fai 
preaenoe ol AlaOl, producing tt-di-phonyl-ethyl. 
eno and tri-phenyl-methane (Anschatz, A. 285, 
336).— 6. Absorbs oxygen, becoming CHBr«CIOJ8e 
(Demole a. Dun, B. 11, 1302). 

Tri-bromo-ethylene (OJlBr,);^ [174®]. A 
by-product in formation of C,HaBr. from acetyl- 
ene (Saban6off, A. 178, 114). 

Tetra-bromo-ethylene C,Br,. [54’]. (216°). 

Formation.— 1. By the action of Br on alco- 
hol or ether (Lowig, A. 3, 292). -2. From 
C.,HBrs and alcoholic KOH (Lennox, A. 122, 
126).— 3. From CH.Clj and IBr, (Roland, A. 
210, 234).— 4. From CBr^ by heating at 220® 
(II.). — 5. From di-broino-siiccinic acid, Br, and 
water at 190® (Bourgoin, B. 7, 1614). 

Prope.rti.6s . — Plates ; volatile with steam ; no* 
affected by o.xygen even at 216® (D.). 

BROMO-ETHYL-ETHEB v. BitoMo-ETHYL 

OXIDE. 

BROMO-ETHYL-KAIRINE v. Ethyl ether 
of BllOSIO.(72. 4)-0XY-(7i). 4)-ETnYL-QL’INOLINB T*- 

TlUnYDniDE. 

7-bromo.ethyi*malonic acid 

C,lLBrO« i.e. Br.CH,.CH,.CH(CO,H),. [116®]. 
From vinaconio (tri-methylene di-carboxyliol 
acid and HBr (KOdor, A. 227, 19 ; Perkin, jun., 
G. J. 47, 814). SI. sol. benzene, CS., or light 
petroleum, sol. cliloroform. Boiled with water 
it gives the lactone of 7-oxy-ethyl-malonia 
acid (q. V.). 

Bromo-etbyl-malonic acid 
Cn,.CHBr.CH(CO,H), (?). [111®]. From orot- 
aconic acid and HBr (Claus, A. 191, 79). 

TRIBROMO - (o) . ETHYL - NAPHTHALENE 
C,oH,Br,.C.Hy [127®]. Slender needles. Pre- 
pared by the action of bromine on (o)-ethyl- 
naphthuleuo (Caruolutti, B. 13, 1672). 

BROMO ETHYL (/8)-NAPHTHYL ETHER v, 
(3)-nai*htuod. 

•wa-BROMO-DI-ETHYL OXIDE 

CILBr.ClL.OKt. (128 ). S.G. si 1-371. V.D. 
6-29 (calc. 5-28). From the iodo- compound and 
Br (Henry, C. U. 100, 1007). 

Di-w-bromo-di-ethyl oxide ClLBr.CHBr.OEt. 
From Br and vinyl ethyl oxide. 'Very unstable 
liquid. NaOEt gives ClI.Br.CH(OEt). (Wisli- 
cenus, A. 192, 111). 

Tetra-bromo-di-etbyl oxide C^HJlrD. A 
fuming liquid obtained by saturating cthylidene 
oxychloride with Brat 120® (Kesscl, B. 10, 1667). 

Octo-bromo-di-ethyl oxide C.R^r^O. (c. 134®) 

* tt* 460 mm. By heating cthylidene oxvehlorido 
with Br for 10 hours frc iu 100®~210® (Kcssel, B. 
10, 1667), Fuming oil. 

Eso-pxo- DI - BROMO 0 -ETHYL - PHENOL 
CABr (C.J I, Br) OH. From o-ethyl-phenol and 
Br ill the coliL Decomposed by distillation into 
HBr and C^n3Br(C.,H,)OH (Suida a. Plohn, jlf. 

1, 176). f 

■^i.broino-(a)-ethyl-pbenol CJlBr.Et.OH. 
[65°j. Formed, together with the following 
*'ody, by treating (o). ethyl phenol with excess of 
Br in the cold (Fittig a. Kiesow, A. 156, 261). 

Eso-exo- Tri-bromo-ethyl phenol 
CJI,Br(OH).CHBr.CHJ3r. [108 J. Longwhito 
needles. Obtained by the action of alcoholic 
KOH upon C,H,Br(OH).CHBr.CHBr.CO,H, the 
product of the action bromine upon p-coa* 
mariv acid. 
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Acitylderivativi 
(94*^ ; (Eigel, B. 20, 2535). 

Totra-bromo-ethyl phenol 0,Br4Et.0H [106**] 

(i». 8up.). 

BBOMO- TETBh . ETHYL . FHOSPHONIUM 
BBOMIDE OH^r.CH,.PEt,Br. [235®]. From 
PEt^and ethylene bromide in the cold (Hofmann, 
Pr. 9, 287 ; A, Supnl, 1, 154). Khombic dodcca- 
hedra. 

UeaHions . — 1. Moist silver oxide gives 
CH.(OH).GRPEt,.UlI (dilTeroiice from corre- 
sponding derivatives of AslCt^ and NKt;, which 
give vinyl base). — 2. With silvor acetate and 
water at 100® it gives acetate of the vinyl base 
C.HjPFitj.OAc. --a. Zinc and H.^SO^ give 
tetra-etliyl-phosplionium bromide. — 1. Alcoholic 
potash has no elTcct.— 5. Combines with PEtj, 
AsEtj and Nil, forming di-acid bases. 

Salts. — {C.H^Br.rEt3Cl).d’tCl^. Palo orange 
monoclinic prisms, si. sol. cold, v. sol. hot, water. 
— (C.,U,Br.PEt,Cl)AuCl,.— C,l{,Br.PEt,I. 

Bj/firoxirfe. - C.JI,13r.PEt,01i. From the 
sulphate by the acti<m of baryta. Unstable, 
rapidly changing to C ILOH.PEtaOH. 

BROMO-ETHYL-QUfNOLINE 
C„H„(CJi,13r)N. The hydrobromido is formed 
by beating <iuinolinc with ethylene bromide.-- i 
B'JlIir: thick needles.— (B',HXl,)PtCl,: orange- ; 
yellow needles (B< .rend, li. 14, 1319). ' 

DI-BROMO-DI-ETHYL SULPHATE 
(CH.Jlr.Cff_,).jSO^. An oil formed by warming 
AgySO^ with benzene and ethylene bromide 
(Beilstein a. Wiegand, B. 15, 1309). 

Bromo-ethyl-sulphuric acid 
CH.Br.Clf ..O.SO3H. From ethylono bromide 
and yO;, (Wroblewsky, Z. 180s, 50:i). Ba.\.\.. — 

PbA'2 3a<i, scales. An isomeric acid appears to 
be formed liy brating ethylene bromide with 
Ag.,SO^ and wator (B. a. W.). 

BROMO-ETHYL-THIOPHENE 
C4SIl.,(CJi ,)Br. (195® uiieor.). Oil. Fornugl by 
shaking ethyl-tliiophcne with bromine-\valer 
(Demuth, B. 19, 084). 

Di-bromo-(/^)-ethyl-thioplieneC4SllBr.,(C JJi). 
Oil. Formed by adding 2 mols. of bromine to 
1 mol. of (^)-ethyl-thiophene dissolv«.:d in acetic 
acid (Bonz, B. 18, 550). 

Tri-bromo-(/3)-ethyl.lliiophcno C,SBr,{C,II,). | 
[108®]. White plates. SI. sol, cold alcoliol ami j 
ether. Formed by complete bromination of ' 
(/3)-ethyl-thiopheno (Bonz, B. 18, 519). j 


Mi. [91^. From ithFl-M-z/ItaD (187^) 

(Ansohtltz, J. 235, 824). 

BBOMO-EUOENOL 0,H^r(OMe)(OH)OA, 
Mtihyl ether 0,H,Br(OMeL (lOO'^) at 
20 mm. S.G. 2 1*396. From the aibromide, hot 
alcohol, and Zn (Wassermann, C. li. 88, 1200), 
Di-bromide C„H,Br;,(OMc).. Dimethyl ether 
di-broj}io-di-oj'7j-propyl-ben:t'ne. (78®). From 
I Br and a well -cooled solution of methyl-ougenol 
int'ther. Silky needles. 

' Ethyl ether CJI,Br(OMc){OEt). [48®]. 

! Prepared by the action of aleolud and Zn on its 
dibromido (Wasse.rinaim, .(. 179. .385). Bi- 
i bromide CJI,Br,(OMc){OEt). • [SO ]. From 
I e.tliyl-eugenol and Br. • 

Di-bromo-eugonol CJlBr.,(OMe)(OlI)(CJIJ. 
[59®J. Glistening hexagonal prisms. V. sol. 
alcohol. Formed by boiling an alcoholic solu- 
tion of tho di-bromide witli zinc-dust (Clnisa- 
iiowitz a. Hell, B. 18, 821). 

Di-bromidc C..UBr,(OMc)(Oll)(C,H.Br,). 
[119°]. Gli.siening quadratic or trimetrio tables. 
Sparingly soluble in ether and cold alcohol. 
Formed bv bromination of ciigenol. 
BROMO-FLUORENE 

C.JI.Br U. <o°ii"'jr>CH.. [10;i>J. From 
lluorene, CHCl, and Br in tho cold (llodgkitison 
a, Matthews, 0. J. 43, 105). Ne«'dlea (from 
alcohol). V. sol. CIICls. Oxidises to bromo* 
di-phcnylene ketone, 

(a)-Di-bronio-fluorene 

C„II,Bro le. <c Di - immio-di. 

pfiniylcne-meUuine. [16.5®] (Barbier, A. Ch, 
[5] 7, 479; Hodgkinson a. Mattln ws, G. J, 
1.3.161). Got by adding brumine to a solution 
: of llu(U-eno in ClICl,. Monoclinic crystals, 
j a:h:c - l l(;7:l:1065 ; fi = -- 77° 52' (.Vrzruni, Z. 
j Krihf. 1, 621). Sol. boiling alcohol. Turned 
yellowish by light. CrO, gives di-bromo di- 
pbeiivlenc ketone. 

ShPphonic acid 0„lI,Br,SO,lI. [112®]. 
Formed by sulphonation with ClSOjlI in OlICl,. 
— BaA\. 

(/3)-i)i-bromo-fluoroao [163®]. 

Formed together whth the preceding (Eittig a. 
Schmitz, A. 193, 131). Monoclinio crystals ; 
a;5:c-= *563: l:-697. -78° 2P (A.), Readily 

changes into two isomeric rnoiliticationa (7) 
and (5) (Lehmann, Z. Kryst. 1, 626). 
Tri-brotno-fluorene 


BROMO-o-ETHYL-TOLUENE C.,H,McEtBr j 
[1:2:4J. (221°). Formed by brominatioji of o- ! 
ethyl-tolueno in presence of Fe. Jlr,,. Liqubl. * 
By HNOj (M) at 2i»0° it is oxidised top-broino- i 
o-toluic acid [118 J (Claus a. Iheszcek, ii. 19, 
3088). 

Bromo-p-ethyl-tolucno C.lf,MeBrEt [1:2;4J. 
l*’rom/7-tthyl- toluene and Br, Oxidised to bromo 
p-toluic acid (.Morse a. Ikunsen, B. 11, 221). 

aw-Di-bromo-m-ethyl-toluef© • 

C,H,.CUBrX’H,Br. ,15°]. Formed by tho 
combination of m-tolyl-ethylene (m-nethyl- 
•tyrene) with bromino. Colourless crystals 
(Muller, B. 20, 1216.). 

Tri-bromo-di-ethyl-tolnene C.Br,MeEt.,. 
[206°]. From (1, 3, 6)-di-ethyl-to*ueiio (Jaoob- 
•en, B, 7, 1435). 

TBI-BROMO-ETHYL-XYLENE C.Br.EtMo, 
(8;5:0;1:2:4]. Tri - bromo - di • viethyl-ethyl-bem- \ 


C„U,Br, <^^«j|'{|j;>CIlBr. [162°]. From 

fluoreno (1 mol.) iu CH., and Br (.3 mols.). 
Oxidisi.d by CrO, to (/?)-di-bromo-dipheuylcne 
ketone (B.). 

DI-BROMO-FLuORESCEXA 

[2C0°- 27U- J. From fluorescein (I mol.) and Br 
(2 mols.) in IKMc (i'aeyer, A. 183, 1). lleddish- 
brown needles with g. .:em retlex, Byes wool and 
silk salmon -pink. ^ 

Di-acetyl derivative CyuHjAcJirjiO^ 

[ 210 °]. 

Tetra-bromo-fluorescun 


OvJl.Br^O, i.e. 

Eosin. Formed by adding Br to a golution ol 


fluorescein in IIOAc. It is purified by conver- 
sion into tlie K salt (Baeyer, A, 183, 38), 
Prepared by dissolving fluorescein (I mol.) in 
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NaOHAci. Adding a solution of Br (4 mols.) in 
NaOllAq. and acidifying. Orange needles (con- 
taining HOEt) (from alcohol), or flesh-coloured 
crystals C.^,H^Iir40, (from dilute alcohol contain- 
ing IICl). Tctra broino fluorescem is v. si. sol. 
water and benzen** ; its alkaline aolutions are 
j>ink and show strong yellow nuoreseeneo, they 
dye wool und silk pink. Zinc-dust and NaOll 
reduce it to a lenco- cinnixiund, wdiich is reoxi- 
dised by air. Potash fusion forms di-brdnio- 
rcsorcin ini'l di-bronio resorcin-phlhaloin. Cone. 
iLHO^ forms C,oIf,,nr(),n. forms 

C.^oH^ClJlr/).,. Sodjiiin iinialganv forms fluor- 
eBCoin. VVffrming with couo. K(Jll gives a 
deep blue solution V lit nee IfCl pps. imstablo 

Salts." ~ K.(C JUir.O.) r,iu[. S. 50. - 
K,A"HOEt.- (xNH,).A".- IlaA"2a(i.- CaA'V.aq. 
~-Ag,A".-(H01M))>^ 

Methyl ether C^ulIjMcllr^Oi. MdJnjl 
erijthrin. 

Ethyl ether G.Jl.KllJr^Oj. Eriithiin, 
Spirit soluble rosin . From K.^A", KKt.S(),, and 
alcohol at 150 '. From tliionw;em, boiling ulco- 
hol and Ur. lied crystals (from alcohol). 
Formcid, togidlicr with a colourless etliyl-oosin, 
by heating silvi'r eosin with litl and alcohol at 
100'\ - KC,oIlJ'ltHr^O. uq : d>cs a more violet 
tduubt than cosiii. 

Jii’Ctfnil ether From 

Ag A" and Ktl. 

Acetyl derivative C.^, 1 1,; Ac..Br ,0^ (?) . 

[278' ■]. 

BROmOFORM CHIlr,. Tri-hromo vietJunie. 
Mol. w. 25:i. [8^]. (151'^). S.d. 2-8;M1 (T.) ; , 
{:• 2-'.K)45 (Perkin, C. J. 45, odd) ; T; 2-8842 (P.). 
C.K. (O ' 10 ) -000044 ; (O '- 100 | *0010110. 

H.V. 10d-5d (TlKU-pe, C. J. d7, 20d). M.M. 
11-020 at 17*0^ (P.). V.D. 8-Cd (calc. 8*75) 
(Cahours, A. Ch. [d] 10, 18 1). 

Oe('nr;vnrc.— in crude hroinii^ (flermann, 
A. 05, 211 ; Dyson, (I J. l.d. did. • 

Eorfiiotiitn. — 1, Py tlie simultaneous action 
of Hr and KOll, or of * hromiile of lime,’ on 
alcoliol or acetone, or by deeom]u)sing brumal 
with alkalis (Lowig, A. 3, 205 ; Dumas, , 4 . Ch. 
[2J 60. 120; Giiiither, Ar. Eh. [dj 25. d7d). 

2.’ From C’ll Cl, and IPr, (Ih.laiul, .1. 210. 2:{0). 

lieurtions. -- 1. Aleoliolic KOll forms CO 
(3 vols.| and etj-ylene (1 vol.) but no formate 
(Long, ''Jd). 2. Ih- in presence of dilute 

KOll in Bunlight forms (’fir, (HXberinanii, If. 
0,540). ’}. lirdiict'd to CIJ, by KI, water, und 

Zn or Ou (Perthclot, i-l. Ch. [3] 61, 48) or by the 
copper zinc couple ^(iladstone a. Tribe, C. J. 
•JH. 510). 

BROMO - FUMARIC ACID 0,HBi-(CO,n).,, 

Eomation. — 1. From iso-di bromo sueemic 
acid by heating at IHCtf or by boiling with water 
fKokul6, A. Suppl. 2, 91 ; 130. l).-2. From 

di-broinO'8iiccinic acid ami water at 140' 
(Bandrow'ski, If. 12, 315).— 3. By dissolving 
acctylene-di-carboxylic acid in strong aqueous 
llBr (Bandrowski, Z?. 16, 2097). -4. From (83)- 
dibromopyroniucic acid and from (8} bromo- 
pyromucic acid by dilute HNO, (Hill a. Sanger, 
A. 232, 82, 01). 5. From bromo-maleio acid 

and cold fuming HBr (Fittig a. Petri, A. 
196, C7) 


.Pricjparfiw.--Lainiii«B ; ?. «. got. water, f. 
8 oL alcohol and ether. At 200^ it chants to 
bromo-maleic acid or its anhydride. Sounm* 
amalgam forms fumaric acid. Br gives tho 
same tri-bromo-siiccinic acid as with bromo- 
inaleic acid. Fuming HBr combines slowly in 
the cold; at 100^ it quickly forms iso-di-bromo- 
succiiiic acid. With its equivalent of aniline it 
unites immediately to form the acid aniline salt. 
Thi.s docs not give an anilide on standing for 
weeks in contact with cold water. On boiling 
its ai]ueou3 solution the same substance is 
obtained as on heating aniline bromo-maleate, 
viz. C,JT,.^N.p.,. [230'] (Michael, Atn. 9, 180). 

Salts. -Ag A".- PbA" 2aq. -A"H(NH3Ph) ! 
[154 ] (Miehuel, n. 19, 1373). 

D i 01 e f h If I ether A"Me.,. [30 (Anschiitz, 
2?. 12, 2-281).‘ 

Di-bromo-fumaric acid 

CO.l f .0 1 > 1- : C B 1. CO. J I. [ 220 ] . Co 1 o n rl c ss cry s tals. 
Prepared ))y the addition of bromine to acetylene- 
dicarboxylic aeid. On distillation it is con- 
verted into dibromonuileic acid [108^]. 

Salts. ~Ag..A" *aq« - PbA" (Bamliowski, B, 
12, 2213). 

(8)-BROMO-FURFURANECJl3BrO. (103°). 
From the cone.-; ponding bromo-pyromucio acid 
hy di.stilling with lime (Canzoncri a. Oliveri, G, 
17, 42). Heavy oil. 

(a)-Di-bromo-furfuraiie C,ll Pr 0 i.c. 
lie CBrv 

I >0. [10°]. (03 ') at 15 mm.; (105°) 
lie CPi-/ 

at 701 mm. P'urincd by adding bromine to 
an alkaline solution of (3)-bronio-pyromucio 
acid [181 ’], On oxidation it gives fumaric and 
maleic a« i(is. 

Tetra.bromlde C,ll,Pi-„0 ; [111°] ; by long 
lioiling wif)i water it yiebls brtimo-funiario ami 
hromo-mah !0 acid.'? (1 i ill a. ll;ul.?horn, U. IG, 
1132; Ji. 18, 418; .4. 232, 53). 

(8)-Di-bi-omo-furfuranc<][:;j|| (100°). 

Formed by distilling di-bromo-pN romucic acid 
(I pt.) with Ca{011), (2 pts.) (Canzoneri a. 
OJiv. ri, C. 15, 110). 

Tetra-bromo-furfurane C,Br,0 [tI5^]. From 
(87)-di-bronio-pyromucic acid, or from tri- 
bronio-i)yromucic acid, w'ater and bromine va- 
pour. Formed also by tho action of alcoholic 
IvOH on di-broino-furfm-ane tetrabroinide (Hill 
a. Sanger, A. 232, 80, 90; Ji. 10, 1132; 17, 
17tl0). 

• Di-bromide C^BraO. [12.3°]. Six-sided 

plates. V. sol. ether, m. S(d. alcohol and benzene. 
By boiling witli wafi-r it yields di-bromo-male‘i(j 
acid (Hill a. Hart -lu’rn, Ji. 18, 450). 
BROMO-FURIL r. Firniu 
BROMO-OALLIC ACID v . Bkomo-tri-oxt- 

BENZOIC ACID. 

TRI-BROMO'gDAIACOL C.HBr.O., i.e. 
CrtH^r3(OMe)(OH). [102°]. From guaiacol and 
Br (Ticmann a. Koppe, B. 14, 2017). 

BROMO-GUANIDINE Cil.BrN,. From 
guanidine carbonate and Br (Kamenski, B. 
11, IGOO). Needles; detonairs just above 100°. 

BROMO-GUANINE CJl,N,OBr. From 
guanine and bromine, crystallised from water. 
White powder. SI. sol. boiling water, insoU 
cold -water, alcohol or ether.— BHOL Prisnii, 
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OoiiTerted by NaNO, into bromo-xanthina 
(Fifloher a. Beese, A. 221. 341). 

TBI.BROUO-HEMIMELLITHOL o. Tri- 

JMiOMO-TRI.MKTHTL-BRN7.KNK-{l;2:3:4:5;6). 
BEOMO-HEPTANE v. Hhi’tyl bromide. 
l)i*broiiio-heptane lli'ptulcm 

bromide. S.O. 'A* t’roni lioptuno of 

parartin oil. at loO^ (Tliorpo a. 

Young, A. l(i'), rj ). 

Di-bromo-heptaiic (21 1^"). From 

heptane in tln^ oil of Pi>i!is .• ;.</ (VenaliU’, 

A. C. J. 4, 22). 

Di-broino-heptancCM'' 3 .r>r( r.r.CH ,1U-. From ' 
penta-mothyl-ctliyl aN-oli,*! juul TBr,. I'asily 
lusible solid (Kara-hir.^Ki, C. C. 27S). 
Di-brorao-heptauo 

Cn 3 .CII,.ClI,.CH,.CH,.ClI,.CHBr,. Jn'pfijh'drnr, 
bromide. From cmuintlioi and 1‘CljlJr.. (Bruv- 
lants, B. 8, lOIJ). 

Hexa-bromo-hcptane C.TT,,Jlr^. From liop- 
toncne and Br. Oil (Savt/flT, .1. IS."), 141). 

a-BROMO-HEPTOIC ' ACID C ll,,BrO.. i.e. 
CIl,.ClI,.CII,.CJI..Cir.(71Br.COJf.(2:)0 ).Vroiii 
Br and hci)tni(: a< i<l (<':W'‘ 0 !iis, ,1. Sujipl. 2, s.‘i ; 
Jlolms, P. 8, IBiS; Hill a. Si’liiili-. P. 18, <12'.). 
Plthifl ether FdA'. (.*. 22o'). S.H. >V 1-211. 
TETRA-BROMO-HEPTYL ALCOHOL 
C,H,Jlr/)L,^(CIIJlr.CIIIl^.('H.I,('H.Ul^. Fj.o.i 
di-allyl-curliinol and Br (M. yayt/.oll, A. 185, Bid). 
Oil. 

Acetyl derivative C.ir,|Br,(.)Ae. (d-n- 

vorted by AgO.Vc into C.IInO^< >Ao).i, S.O. 1 1^0, 
whence baryta forms a syrui> C II,, 0(011)., 
(Dicil, J. pr. [2] 35, 17). 

BROMO-HEPTYLENE C,TT„Br. (15S>). 
P'rorn the hoptyloiK! broinidi' of Vrnal>!«\ 

Bromo-beptyleno C.H,,l‘r. (Idd^). From Up; 
bcptvloiU' bromidi; of Brnylinits. 

BROMO-HEXADECANE r. (.’i:tyl imoMim:. 
Di-bromo-hcxadecano llr^. (.'rtme hm- 

viidc. [l.'H !. Colniirlcs.s crvr.f-il!ino solid. 
P'orniod bv adilitioii of Br, to c« tono (KialTf, U. 
17, 1373).* 

BROM^ '.lEXANE r. H I \VL nia^Mii'K. 
Di-broiuo-lie.xauc 0,11, Br. i.e. 
CH,.CU..OH,.(-llB.r.OHBr.(’j‘f,. (Bid ) at 710 
mm. S.Ct. 1-5800. From the runp.-)* <)( liii.t 
hexylene (Erlonu^'yor a. Wanklyn, .1. 111 ; 

c/. Jleeht a. Sti; f -, A. 172, i/J ; Ih-rht, /;. 11, 
1123). 

Di-bromo-hexaneMc- CBr.CBrM*! .. [170 ; (K.); 
[140^J (K.j. From and Br. Niv.ll. u 

(from ctlier). Conv< .t« d by lieatinj' wiili waOT 
and i’bO at 150' into pin.acolin (I’a\\-)<)\v, ,4.’ 
100,121; Fib kolT, J. H, 10, 220; K.i-i;liii.d-;\ , 

/. n. 13,81). 

Di-bronio hexanc M'‘,C.CnBi-.(dI Br. J’l.im 
Mo,C.Cn:C'H_,. (hy-t.ulino (Fried*-! a. Silva, lit. 
[2j 10, 2.V.)). ■ 

Di-bromo-bexane CJIjJjFj. (21 P). From 
hexane of petroleum (P* louze afCahour.s, .4. 121, • 
293). / 

Tetra-bromo-hexane C„II,„Br,. DiuPyl- 
Utrabromide. :03'‘’k From diailyl and lir 
(Wagner a. Toll* u s B. C, 588). 

Tatra-bromo-hexano CJljoBr,. From 

iodo-hoxylcne and Br (Boucbardut, Z. 1871, 

699). 

Tttra>bromo-bezane C^H.^Br^. From hoxi' 
pan# derived from mannito (Hecht, B. 11, 1054). 


Tatra-bromo hMana From hexi. 

nene from di«methyl'allyLoarbinyl ohlorida 
(Saytzeff, B. 11, 2162). 

Tetra-bromo-hexane O.H,oBr,. [112 ], (318® 
cor.). From hcxinono derived from coal-tar 
(ScborlernnuT, A. 139, 250). 

Hexa-bromo-hexane CjHJlr,,. From di- 
allylene (Henry, Pn. 1, 199). 

Hcxa-bromo-hexane CJIJh,.. f77‘’J. From 
di-ffroino-diallyl (Henry, B. 7, 2.1). 

Hexa-bromo-hexano l.VJ ]. From 

i-vr h* \vl iodide and Br ;it 130 (.Mer/. a. Weith, 
B. 11, 2250). 

Hexa bromo hexane (\,lFBr,.. Tnun liexuno 
and B.r at 12.5’ (Wahl, p'Mo, I’ill). 

Octo bromo hexane CylljBr,,. Fioin h* xaiie 
and Br (W.). 

Octo-bromo-hexano CJl ,Bi\. [13.5 ]. From 
' .s<T-}u'.<yl iodidt' and Br at 130 (M. a. W.). 

Octo-broino-hexano ('„H,Br.,. Pipntparijijl 
Octobroinulc [111 'j (lleiirv, P. 7, 21). 

BROMO-HEXENOIC ACID FJl^Bi.O,. Di- 
bromo-hyilrosorbiciU'iil. [9.5^]. l'’rom .soibieaeid 
nn*l Br. J.atnime (Fitti*.; a. K;u*hel,.l. 108,287). 

D I - BROM 0 - H E X IN EN E ( ' J 1 J i r ,. / >/ dro/ao- 
duillyh (210 ). S.H. B i-ll.50. Fromdiallyl-tetra- 
bromido and solid K(>JI (Ih-nry, d. pr. |2J 8, 57). 

Tetra-bromo-he.xinono B,ll,.Br,. I'mparpyl 
tt:lral-r>'mide. S.H. 2’1(*1. Jdquid (Henry, B. 
0, ‘159). 

a-BROMO-n HEXOIC ACID 
CH.,.CI1_.CH...CH ..(’lIBr.FOH. Proino-cajuvic 
arid. (210 |. I’nun eapr^iic acid and Br 
(Caliours, .1. SnppL 2, 78). 

PthyL ether FtA' (2i).5 ’ 210 ') {Hell, B. 17, 
2218). 

7 -Bromo n hexoic acid 

CH,,.(’lF.('HBr.(’lI..(’H,.C0 4l. 1 rnm hydro* 

^(»ihi«;, or iso-hy*liosoij)u-, arid and HBr. Oil. 
S')diuin-ainal;.'am re<ln<«'S it to a In xnie a dd. 
Jbtilin;* \\at«-r converts it into h) d»o .orliio and 
ox}-'i< v)ie {i,-ids (Fittig, A. 209, 42; lijell, B. 
15, 0l.8f 

7 Bromo i 80 hcxoic a id 
M- CB«.FiFXdI,.L’0 ,H. 

Pthyl 'ether jVWV. by saturating 

an ali.^olnle alcoholic solidioii of i-io*-.(jiiolactono 
uilb ilBr. By di.dillalioii it i-. <l( cijju]»i;ie(l into 
the «)ri;',iii.'il bn toiieand lit B) (Bredt, //. 19, 514). 

Bioino-nexoic acid (k,H,,Br«A. i8(;' [. From 
i;-o-j'yroterebic acid and 1 Hi-/ /■ . FriHins^. AgA' 
(I a;.:< rn).-''k a. Flle^otT, J. li. ll.^fL ■/.' 

Bromo hexoic acid C„Ii,,Br(>,. [25 ). From 
etliyl-crototiic uci'l and c»>ne. HBrAij. Sodium- 
iini:il;;:im f*»rms hy<lro i-lbyl erolonic acid. 
.\<|ue(»us NaXtl,;\<i even ut 6 form;; amyloiio, 
NaBr, and C(F. v 

a/l-Di-bromo-iso-hexoic acid 
Pr.CHBr.CHBr.BO.II (99 j. From [.yrotcro- 
bie acid and Br(V' k WilliarnK, P. t>, 1095; 
Hei.^ler, .1. 208. 40). ! algo crybtals (fr*>m CSJ. 

Di-bromo-hexoic acid (:,H,.,Br 
From Horbic acid an*! fujinn;; HBr. Boiling 
water or alkalis produce sorbn.; aenl, and other 
bodie.s (r/. Hjelt, B, 15, 020). 

Di-bromo-hexoic acid C„H,„Br4)^. From 
liydrosorbic acid and Br in C.S;. lji(|uid ; de- 
composed by Ijoding valer, giving oxy-hydro- 
fiorbic acid tFittig, A. HU, 314 ; 200, 46; Hjelt, 
B. 15, 019). 
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Bi-bromo-hezoio acid CtH,«Br,0,. From iso- I 
•orbic acid and HBr. Oil (L. a. E.)* 

Di'bromo'hezoio acid CHEtBr.CMeBr,CO-^H. 
[98®j. From mcthyl-ctliyl-acrylio acid and | 
Br Monocliriic cryntalB, I 

U-r^ 3<;'. Wutf:r 111 * 100 '" formB bromo-araylono , 
CilEt;CM^Br, mctliyl (jtliyl-ucrylic acid, di-oxy- 
licxoic acid, and nn tiiyl eUiyl hctonc (Llcbcn, 
a. Zciscl, jl/. d, 7H). 

Bi-bromo-hcxoic acid C,Jr,yBr.,0^. fBl 'j. 
From ethyl -crotonic acid and Br. Decomposed ’ 
hy cold N(i/X),A«i into hroJim-amyleiic, NaBr, , 
and CO, (FittiK, 200, Of)). I 

Tetra-broiflo-hoxoic acid OJl ! 

From sorbic acnl un’^Br (I'itti}', X, 101, 323; • 
108,277; 200, OH). Monoelinic cry.'dals (from 
alcohol). More ntahle than the preciMlinp acids, \ 
not h^drif' ultuched hy water at 100 - NaV 2a<j. ; 

7a<i. JiiiA'., I'aq. 

DI BROMO-HEXOIC ALDEHYDE C, ff,„Bi 0 
U. CH,.CH,.CHnr.(:MeI}r.ClIO. Oi-hwntn. , 

DU'thitl-Jrrnfii/l-iirftic From Br and j 

cold methyl- ethyl -acrolein. BnUf'ent oil.- 
(CJl^Br.OjNallSO^.-'.ari (liieheti a. /.eisel, M. 

i, 19). 

BROMO-HEXONENE (CHjBr. Bromoili- 

alhjlmc. (loO '). I’loni di-hromo di-allyl and 
K(tll. l^ps, amnionlaeal AgXO, and cuprous 
chhnide (Henry, Ji. I I, 100). I 

Octo-bromo-hoxoneno C,jBi\. From 5<!C-liexyl i 
iodide and Br at MO"’. Bri.snjs. At 200*^ it | 
splits up inlo Br and 
(Mer/. a. VVeith, D. 11. 2217). 

BROMO HEXYL ALCOHOL C,.H,,lhO Le. 
(’H,,ldll!r.Cll(01f).ClLHt. (180 ). S.d. Kl. 
liiquid. From hexyh'no oxide and Br (H(‘nry, 
11. 07, 2i;0; la. [2] 41, 303). 

Di-bromo-hoxyl alcohols v. Dilmnnidrs of i 

HkXICNYLi AT.C.'llor.S. 


Tri-bromliydrin v. Tbi-bbomo-pbopakz. 

j).BB0M0.HYDB0CAJBB08TyEIL (LH^rNO 

.c,u,.co 

t.e.C.H,(Br)\Nn/ [cj]. [178°]. Long 

flat needleg. V. sol. alcohol, ether, benzene 
and acetic acid. Prop.ired hy reduction of p- 
briUiio-o-nitro-hydro-cinnamic acid with tin 
and HCl ((iabriol a. /iimmerrnann, B. 13, 
10^;;). 

BBOMO-HYDROCINNAMIC ACID v. Bromo. 

rnKNYL-euoi’ioNK.' Atnj>. 

DI-BR0M0-HYDR0-C(ERULIGN0N v. Cn iiu. 

LION'ON. 

BROMO - HYDROQUINONE CgH.BrOj i.c. 
CJl.,Br(OH),. [IH’J. 

J<\>nti(itio7i. — 1. To;'cther with di-hromo-hy- 
droquinone, hy tins action of cone, ilBr.Aij on 
quinono tWiclielhans, B. 12, 1;"()1).— 2. From 
hydroipjinone (1 mol.) ami Br (1 mol.) in ether- 
chloruforni (Saraiiw, A. 209, 09). 

iVo/vr//c.s-. - Leaflets ; may bo sublimed. V, 
e. sol. water, al' ohol, and beiuenc. Fo, Cl, 
forni.s bronio(|ulu()ne. • 

Di-aciiiyl dcricaiiva C,Tl3Br(OAc),, 
[73 'j. Formed, tuj^elher with di acetyl di-bromo- 
iiy<hdqninono by heatiii}' (piinono with AcBr 
(Schulz, B. 15, (>55). Needles, sol. alcoliol and 
l)enz(*nc. 

Di-bromo-hydroquinone CJI,Br.,(OTI) ,. [ 1 87^ j. 
Fonnntion. -1. As alaivo (W.). - 2. From 
hydroquinono and Br in IJOAc (Beiicdikt, il/. 1, 
315).— 3. From qiiinone and Br (Sarauw). 

Bropicrtie.a. — Long nce<lle.s (from water). 
Converted by Fo,Clj or broiniiic-\vatcr into di- 
bromo(|uinono. 

Di’acctyl dcriraliK'. C„IlJhv(OAc),,. 
(ICF^]. Formed as above (Sdiul/). Noodles, 
sol. clilorohuin and ether. 


DI BROMO-HEXYL-BENZENE Cq TI„Br.. i.r. 
rh.Cin;r.CHBr.CIL.CJl(('ll,),. [80 ]. Fiom 
hexyl ben/.enc (7. i\). Ni-edles or [4;des^ 

BROMO HEXYLENE CJI,,Br. (13s'Tll ) at 
730 mm. S.Cr, V' l l-Mr.!,-). i’rom (/t) hexyli‘nc 
bromide ami ulcolioiie Kl)!! (('.avenlou, .1. 135, 
J20; Bebonl a. Triichol, .1. Ml, 247; Jleeht, 
/). 11, 1124; A. 172, 70). S(‘c also llnxiiNYL 
liiioMrnr;. 

Di-bromo hoxylono CJI,„r.r,. S.(t. 0 1008. 
From hovylene (derived fnmi nmnnife) and P.r 
(Henry, B. II, l(^). 

Tetnf-wwqjf^xyleno CJlJ’>r,. I;^H«m di- 
allyleno and Br (Henry, U. if. s7, rfl). j 

Ooto-brnmo-hcxylene (\ll,l>r.,. [isl'’]. From j 
»rc-liexvl iinlidc and Br at 130 (Mciv, a. Weilh, I 

B. 11, 2210; llccht, /;. 11. 1120). | 

Octo-broiiio-hexylene From boxane I 

and Br at 12:e’ (Walil, B. 1(», 402). I 

BROMO-HIPPURIC ACID C.lLBiNO, i.r. 

C, n,Br.CO.NlI.CIJ._..(Xl.JI. From hipi>uric acid, 
alcohol, and Jlr. Sh^nbT needles. Possibly 
identical with the following acid. CaA'j (Maver, 
B. 1805,415). 

c-Bromo-hippnric acid 

[1:4] 0,H,Br.C0.NJLCn,.C0JI. Excreted when 
;)-bromo-tolucno is taken with food. Flat needles 
(from water). Boiling IlCl.\q forms glvcocoll 
and yj-oxy-ben/oic acid (Preusse, H. 5, 03). 

BROMO.HYDRATROPIC ACID t*. Buomo- 

IZZKTL-FRoriOKIO AOXD. 

BBOMHYDRIK v. Qltcbboi. 


Methyl ether C..H,Br..(01I)(0Me). From 
inelliyl-hydroqiiinonc and Hr (B,). 

Bi-methyl ether (;„lLBr,(OMe) [142®]. 
From di-inethyl-hydroqninonc and Br in lIOAo 
(Ilaberniunn, B. 11, 103(5). Mt.lhyl-ethyl ether 
, (’/,;H..Br.(OMe)(()Kt). (8S Prepared like tho 
preceding (Fiala, M. 0, ',»13}. 

I)i-isobutyl ether Cjr,Br,{OG,II,,),. 
From C,IJ,(OC JJ„).. and Br (Schubert, M. 3, 084). 
Plates (Bom llOAe). 

Di-bromo.hydroquiiioneO,H.,P.i ({)H)(OBr)(‘?). 
Bromo.vy-hromo-j^henol. [87^]. From (juinono 
(I mol.) and Ur (1 mol.) in ehloroform (Sarauw). 
(jrolden tables, si. sol. ether and (.’MCI.,, flecom- 
jlbsod by waiter into 1 1 Ur .ami bromoqiiinone ; 
changes slowly to 

Tri - bromo - hydroquinone CJl nr,(OH)^. 
[l.’hJ^]. Formed together " ith tetr.i - bromo- 
hydroquinono, by treating di-bromo-quinone 
with cone. IlUii or by tlie action of Ur (0 inols.) 
on hydroquinono (2 mols.) or^quiiione (3 mols.) 
^Sarauw, A. 209, .blO). Silky needles. ,sol. alco- 
hol and benzene, v. sol. boiling water. Fe.jClg 
givt's fri-bromo-(pnnoiie. 

'*'etra - bromo - hydroquinono C,jBr,(OH).^. 

^ [244 -’j. Prepared ns above (S.'irauw). Prepared 
I also by reducing tetra-bromo-quinone (brom- 
I anil) with SO, or III and P (Stenhouse, .4. 91» 
! 310 ; Suppl. 8, 20) or by warming it w itli cone. 

HUrAq. Slender ncodlea (from HOAc) ; insol. 
I boiling water, v. sol. alcohol. Fe^Clg forma 
tetra-bromo-quinone. 
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BBOXO.HTl>ROaTnHOnfS.PHTSAL£!H v. 

HtOBOQUDtOlVB-PHTHALXhf. 

DI-BBOKO-HTDBOSORBIC ACID v, Bromo- 

BSXENOIO AOn>. 

BBOMO.HTDBO.THTMOQTTINONE 
C,*H„BrO, U, OgH(C,H,)(CH,)Br(On),. f58"]. 
From thjmoquinone and HBr (ScliiiitJr, Jl 20, 
1318). Oxidises to bromothyinoqninono f 
The di-acetyl deriviitivc is formed by the action 
of acetyl-bromide on thymoquinono/ 

Di-acetyl derivative [91°). Khombo- 
liedral crystals (Scluilz, B. 1">, iJoTj. 
Di-bromo-hvdro-th 3 rmoqiiinone 

Di -acetyl derivative [122°]. Colourless 
tables (Sclmlz, 7>. l.'i. OoH). 

BROMO-HYDRO-TOLUQUINONE 
C^HjMoBr(OII)i,. [o. ICO^]. Formed by the 
action of cold cone. HBr upon toluquinone. 
Glistcnin^» plates (Selmiter, Ti. 20, 22S0). 

Tri-bromo- hydro- toluquinoue 
C^H^Br^O, i.e. CJlr,Mo(OIl),. [2t)2°]. From 
tri-bromo-toliKpjinono and SO... N'eodlos, sol. 
water (Caii/^oirri a. Spies. O'. 12. 1711. 

BROMO - HYPOOiEIC ACID t. llvi o.n le 

ACU). 

DI - BROMO - ICOSYLENE C,„l r,,Br,. Oil. 
From icosinene and Br (Idp[iniJiiin n. llaw- 
liczok. 1i. 12, r>9l. 

DI-BROMO-INDIGO C, Jl.Bi .N .(>, i.c. 

() () 

C,H,Br<;^^->0 - Formed by 

II ii 

boilin{7 o) - di - brnmo - ui - bromo - o - amido • aceto- 
phenone [0:2; 1] C«H,Br(NJI.^l.CO.CllHr^ or a>-di- 
chloro - m - bromo - o - amido - acetophenone 
[o;2:l] C,.ll.,Br(NlIdCO.(.’ll()i or their acetyl 
derivatives with dilute NaOH and exi'OBure to 
the air (Biieyer a. Bloein, IL 17, 9<‘«h), pjo- 
pared liy In atinp; brumo-i-atiii with TCI, and 
treatin'^ the product with u 1<I p.c. Duintion i f 
III in acetic acid and llien with a(pie()n3 SO... 
Some i.someri^ di-bromo-iiidipurpurin isfornud 
at the samr* time (Bneyer, ih 12. IMlo). Small 
black needles, may bo siibli/ned; v. si. sol, 
mo.st inenBtrua. May bo red need to a ‘ vat ’ like 
indigo. 

BROMO-INDIRUBIN C,„IT„BrN.O,. F.ong 
needles. Formed by the action of N'al’O., on 
an alcoholic Bfdut.ion containing indo.xyl and 
bromo-isatin (Baevi r, R 11, 174o). 

/3/3-BROMO-IobO-ACRYLIC ACID 
C,H,IBrO.. i.i\ CJM;Cll.CO,dr. illOR S. 17 
at 20°. From bromo-propiolic aeid and HI 
(Hill, 9, 175). Se.ales, - BaA' . .'tuq. S. (of 
BaA'j) 10 at20h-CaAV'tiaq.— AgA'. 

o3-Bromo iodo-acrylic acid CH hCBr.CO.II. 
[96°]. Ffnaned by the addition of HBr to 
B-iodo-propiolic aeid ^Ilomolka a. I^tolz, IJ. l-S, 
2284). Ncedlf a; si. sol, cold watjiT. By heating 
in alcoholic solution with AgBr it yields afi-ai- 
bromo-acrylic acid [85 '] (Stolz, B. 19, 5:{7). ^ 
3a-Bromo-iodo-acrylic acid CUBnCI.CGJI. 
Colon rhss crystals. V. sol. water. 
Formed by boiling propiolic acid with an 
ethereal solution of BrI (Stolz, Ii. 19, 590). 

jSy3a-BromO'di-iodo acrylic acid 
CBrltCI.COjfH. [100°]. S. 2 at 20°. From 
bromo-propiolio acid and Iodine in ether. I'lat 
lU-fided plates.— BaA.',4aq. 8. 16’20 at 20°.— ; 


CaAV—KA'.— AgA' (Mabery a. 4iloydi Am* It 
124). 

oAB-Bromo-di-lodo-aerylie aeid 

CIjiCBr.COjH. [182 ]. Glistening colourless 
plates. Formed by tlio action of iodii’o bromide 
i upon iodo-propiolio acid in etliereal solution 
(ilomolka a. Stolz. U. 18, 22Ni;). 

I ddj Di-bromo-iodo-Rcrylic acid 

CBr.rCI.CcV.H. [110°]. S. 3*5 at 20°. From 
bnnnh propiolic aeid.and IBr ^^^;lb('rv a. Ijloy«l, 
Am. 4, 91; iV. -l/m A. 17. 9f|. Monoelinio 
; jnir.ma (from water); a:l- . « -OIT;!; oHl. — 

I BaA'.,3‘aq. S. Bi 7 at 2'» '. CaA'.,. .AyA'. 

^ /8a8-l)i-bromo-iodo-acrylic acid 

CIBr:CBr.CO,Il. [1 17 'J. Long i;ilky m , db .-^. 
Si. sol. cold water. Formed by tbt' action of a 
solution of bromine in ehloiofonn upon io»Io. 
propiolio acid ICiC.CO.Il (llomolKii a. Stolz, 

18. 22sr>). 

DI-BROMO-IODO-ALLYL ALCOHOL. 

IJthijl cf;»crC,lI,Br,IO i.e. 
(lIBr:CBr.ClI...OFt. l)il. From iodo propargyl 
ethyl ether and Br (Tiiebermami, A. I.l.'i, 28b). 

o-BROMO-IODO-BENZENE (^Jl.Brl [1:2], 
(257^). From »)-bromo-aniline or o-iodo aniline 
by tho diazo- reaction (Ktirner, (/. i, .959). 

wi -Bromo dodo benzene CJI, BrI {l:.9j. (252°). 
Similarly prepared (K.). 

;> Bromo iodo-bonzone C,, 11, BrI [1:1]. [92°]. 
(252 ). Similarly pr('j)ar('d (Griesn, J. 18<i0, 
452 ; K.). 

Dichloride [115" 120°, with 

deeoinposilionj. Bpd. as yedlow iiocdles W'hcn 
('blorino is passed into a sohition of bromo-iodo- 
b(>n/ei(o iit ehloroform ((b NVilli'erodt, d.vr, |2) 
.9.9, 1,5.8). Witli alcobfil it forms abltdiydo and 
(7, 11, BrI. It conveits melallie and aicnbolio 
iodides into chloride.', iodine boini; sep.arat«'d. 

Tri-bromo iodo-htMizeno (J^H .Br.l [1:9:5:01. 
1101 'j, Oblain-'fl byadiling Cone, III to a riolr 
tion of C,,II dh.,.N'N'.N(>,. ('oloui bss needles, 
!-.<d. li'9 ul^cdiol ISilla r.stein, J. pr. ;2j 27, 120). 

Tri-biOuiO-iodo b.viizeno (1, [1:2; 1:5). 

[105]. 

Dichloridc C,H.IBr.,Ch. Formed by dis- 
.-olving C,.ILIBr., in CiKd., ati<l p.n . nig i/j (11^ 
(Willgerotlt, J.2>r. [2] 9.9, 159). 

.s BROMO lODO-ETHANE CJl.BrI i.e. 
(lirBr.GH I, Kthylene Uvnuodide. [28 ’j. (10.9'’) 
S.(L 2'510. From brorno-etlr Inne and cono 

Hl \.| at 190 ' (Ileboul, A. 155.; uU ' * 

elliylene ntvft l)rl (Ma".well Simps e ,’t r. 22, .51). 
Nerdles ; si. "o1. coM alcohol. Aleobolie KOlf 
I'ive.s ioflo ethylene and ncctyl< ne (I.ag* rmurk, 
J. B. 5, 991). * 

«-Bromo iodo-othane II BrI. FfJnfJ. 

i'hnr iromh^dide. (14k ). S.<». '' 2152. Idoin 

bromo-etliyleiie a!id cone. at 4 ' (It.), or 

from w-di-iodo-etliane ri id IBr (Maxwell .Simp- 
son, Pr. 27, 421). Aleoi’ die KOll furiiiB bromo- 
rlbylene, 

Di-bromo-iodo-sthano CdljIBr.^. (170 '-180°), 
S.G. 2-86. From bromo-cthyleno and IBr 
(M. Simpson, Pr. 22, 61). AgjO forms CJTJJr. 

.S . BROMO - lODO - ETHYLENE C,ll,lBr. 
AcfJylcne hromiodide. fr. H 'J. (1.50° cor.). H.G. 
(solid) ■-* 2*7.50; *’^’*2*62'7. Got by jiaK^ing acetyl- 
ene into aqueous solution of BrI, tho product 
being treated with Na.^Si,0, gnd distilled witJi 
steam (Plimpton, C. /. 41, 106; Babaoejefl, A. 
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316, 266). With ftlooholio NaOH it appears to 
give off OjBBr. 

tt'Bromolodo-eihyleiie CR/CBrI. (129^). 
B.O. fi 2*565. From chloro-bromo-iodo-ethane 
and alcoliolic KOI! (Henry, C. I£. 08, 741). 
Slowly ubsorha oxygen from air. . 

Di-bromo-iodo -ethylene CIHriCHUr. [CO^]. 
Small prisms. Form* -d hy tho action of an ! 
aqueous solution of bromine upon iodo-pro- I 
piolio acid IClC.COdl, CO... being evelved 
(Uomolka a. Stolz, /?. IH, 

BEOMO-IODO-METHANE CH.Jiil. Mc/Zif/l- 
eiic hromiodide. (KiO ). S.G. J]'.‘^2*02(>. V.I). 

0 G5, FroiiT metlivlentj iodido and 13r or lllr 
(Henry, O. /i.'lUl.'.'JliO). 

Di bromo-iodo-mothano CHBrJ. Bromiwlo- 
form. [() ). From iotloforni andlir {Scrulla.s, .1. 
Ch. I2J :i1,22r,; Boiiehardat, ./. 10). 

BROMO-IODO-NAPHTHALENES 
The throe following are (dilained from the corre- 
hpornling hronio-naphthylamiues by the diazo- 
reuetioM (Meldola, U. J. 47, 523) ; 

(cn)-Bromo-iodo. naphthalene C,„H,;BrI [l:4h 
[H4 J. I^arge ihit midles; insol. water; sol. 
alcoiiol jiinl glacial JlOAo, v. e. sol. benzene and 
ether. 

(a^)-Bromo-iodo-naphthnleno C,„n„l)rl [1:3J. 
[68''^]. Needles, 

(aj8)-Bromo-iodo-naphthalone C,uHJhi [1:2]. 
[Ol'^b I’liiek needles. 

BROMO lODO-NlTRO-BENZENE 

CJI. ,Brl(N(),) [1;2;5]. [l()i;°j. From C.H.Brl 
(l:2j and UNO, or from C.,II,Br(NlL)(NO.,) , 
f 1:2:5] (Kortier, O. I, 3H3). Ne4‘«iles or pri.sms. j 
Alcoholic N II;, displaci s I by NHm. 

Bromo - iodo - iiitro beiizouo CJl,Brl(NO..) 
[1:1:3'. (‘H) J. l-’rom 0,Ii,Br(N 11, )(N(),)1 1:1:31 (K.). ! 

Bromo - iodo - nitro- bonzouo ( vlI.,BrI(N() .) 
[1;3;4]. (Hi ’]. From C. 11, Br(NH.)(Nl).) [1:3:1] 
(K.). Alcoholic Nil, displaces I hy Nil,. 

Bromo - iodo - nitro - benzono C..,lliBrI(NO,) 
[1:3:6?]. [127']. Fornnd, toe,^h,.r^\vi(li tiu! 

following b(.Mly, by di.s.-.4»lving nt-bromo iodo- 
bonzeno in fuming UNO, (K.). Alcoholic Nil, 
displaces Br liy NH,. 

Bromo - iodo - nitro -benzono C„H,Bil^.N'0.) 
[1:3:2?!. Needh-;. 

BROMO-IODO-NITRO-PHENOL 
C,H,(()ll)^Nl>,)Brlll:2: l;6|. i lOP^]. From(l,:5,l)- 
bvumo-nil ro j)hcn(jl, KOH, IllO,, mid I (Korm r, 
IdoMoclinic fables a:h:a 
j9 3il' (Groy],^-;. Kryst.l, 

437) ; volaiile witli steam. - KA'. Na.V. 

Bromo-iodo-nitro phenol C„lJ,(()H)(NO,)Brr 
[1:1:2:61. l-’roin (l,3,6)-bromo-nilro-i>henol as 
aliove (K.). Frism^ [from ether). ~KA' : yellow 
noodles. • 

BROMO lODO-NITRO-TOLUENE 

CJJ, McBrl[N(>,) [1;3:1 :j- 1. [IIH^^]. Formed by 

nitrating (l,3,(i)-l»romo-iodo-toluone. Needles 
(Wrohlewsky, .4. 16^ 160). * 

Bromo -iodo nitro- toluene €„ 1 1 ,MeB i l (N 0,) 
[1:3:2 or 6:a*]. From tho corresponding bromo- 
icnlo-tolueno (W.). 

Di.bromoiodo-nitro.toluene 


OgHMeBral, and faming HNO«. Tielda on va* 
duotion by 8n and HOI an amido* compound 
which is converted by farther treatment % Sn 
and flOl to o-toluidine (W.). 

BROMO-DI-IODO-PHLOROaUrCIN 
Cg(OII).,BrI,^. From tri-bronio-phloroglucin and 
aqueous KI. Decomposed by heat (Donedikt a. 
Schmidt, M. 4, 605). 

BROMO-IODO-PROPANE CADrI i.e. 
CH,.CBrI.ClI,. (148). S.G. ii 2*20. Formed 
by union of HI with allylone hydrobromide 
; (Ueboul, C. Li. 74, 060, 914). 

1 Bromo-iodo-propane CIIa.CHI.CH^Br or 
; CH,.CHBr.CH,I. (160^-168^^). From propylene, 

I water, and IBr (M. Simpson, iV. 22, 51). 
i DI BROMO-IODO-PROPYLENE 0,11, IBr^ (?). 

I From iodo-allyleno and Br. Docs not combine 
! with Br (liicbermann, A. 135, 275). 
i DI-BROMO-IODO STEARIC ACID 
CVsH..,Br..I().. From ricinoleic acid 0,JI.,0a vid 
C,J4,I()‘ ((3Iaus, B. 9, 1917). 

BROMO lODO-TOLUENE 
: CJI.McBrI | l:2:3or5]. (260 ). S.G. 2*139. 

Fr.)m C,.H,MeB, (NH,;(WrohIe.wsky, A. 168, 164). 

Bromo-iodo-toluene C,.ll,M(!Bil [1:3:4]. 
(265®). S.G. ' " 2 011. From tiio corresponding 
bromo-toluidino (W.). 

Di-bromo-iodo-tolueno C.H .MeBr .I [1:3:5:4]. 
[86'"]. (270®). From CJl ,MeBr(NO.!)(NH .) in4 

C,n,MeBr(NO,)l, and C,,rLMcBr(NH,)I (Wro- 
blewsky, /I. 192,209). Also from di-bromo-p- 
toluidiuo, 0,iH,MeBr,(NH,,) by diuzo- reaction. 

Di-bromo-di-iodo-tolueno CJlMcBr l., 
[1:3:5:4:21. [GB'"]. From 0,.HMeBr.I(NH.,) by 
diazo- reaction (Wroblewskv, ^1. 192, 212). 

DI BROMO lODO-TOLUIDINE 
C..HM.*BrJ(NH,) [1;3:5:1:2!. [61®J. By rfslnc. 

ti4)no( tile corresponding iiitm- compound (Wro- 
blcwsky, .1. 192, 210), CoJua rted by sodium 
amalgam into o-tuluidine. 

- Jc’cf.vf derivative C,HMeBr_,I(NIIAc) 
[121'']. Small wliito nccdlt's. 

BROMO-ISATIC ACID r. Isatic acid. 
BROMO-ISATIN v. Lsatin. 

BROMO-ISATOlC ACID v. Isato’io Acin. 
BROMO-ISO- V . Bhomo-. 

! BROMO-ITACONIC ACID C.H^BrO,. [164®]. 
Formed by the dry distillation of lAi-di-bromo- 
pyrotartaric acid (S warts, J. 1873, 584). Its 
anhydride formed similarly from i/a-di-bromo* 
pyrotaitario anhydride ( IVtri, B. 14, 1637). 
Alkalis form aconic acid ; Sn reduces it to 
ituconic, acid. 

BROMO-LACTIC ACID v. Bkomo-oxy-pro- 

’ riONIC ACID, 

! DI-BROMO-LAURENE C„JI,.,Br, (?) [210°]. 
! From laureno and Br (Montgolfier, 4. Ch. [6] 
I 14, 93). 

i Tri-bromo-laurone C„]5[„Br.,? [125®]. From 
laureno and Br in tho cold (Fittig, Kubrich a. 
Jilke, .4. 145, f40). Cf. LAUiiE.SE. 

I CBROMO-LEVULIC acid V. Bromo-acettl- 

raopioNio ACID. 

BROMO-LUTIDIKE v. Brouo-oi-methvl- 

PYUiniNE. 


CJlMeBr.l(NO,.) [1;3:5:4:2], [69°]. From j BROMO-MALElC ACID C^r(COaH), i,6. 

0,H,MeBr.,I by nitration (Wroblewsky, A. 192, ' CO.,H.CII CBr,CO,U, or CO.,H.C.CHBr.COA 
210). Large needles. Volatile with steam. | CBr.C(OH)^v CH.C(OH),y 

Dl-bromo-dl-iodo-nitro-toluene ! or i| >0, or |i \0. [ISB^ 

C,MeBr,I,(^NO^ [1:3:5:4;2:6]. [129°]. From j CH . CO^ CBr . C(K 
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Formed bj boUiog di*bromo*sacoinic acid or iU 
bo salt with water (Kekul^, A. SuppL 1, HC7; 
Tetri, A. 195, 02). Fonued also, together with 
bromo-fumaric acid {q, v.) by the action of Br 
and water on succinic acid at ' v lu kult*. -1. 
J30, 1), or fiiinanc acid at UK) {^('.iviiis, .1, 1 Ud, 
201). Dclitjiu.^ccnt ju i>nis of n> edir ; v. c. ><»L 
water, alcohol, uiul cilior. . j'lits up into water 
and its anhytlfi.h- on distii’.nt ion. 

For discu.-sdnii of fi'nuala M-t' Mali fo acii». 
/w7i(7cn'.s‘.-- I. Si'Jiuhi.duuilijitiK cives .xac- 
ciiiic aoiil. 2. Kuniing IlUr uniU-s in liioc.dd, 
forming di-lji-omo-iuccinic arid. 'A. K!,i (r, 
of its Na Milt givc.-i C' > and lU’r. i. Uniiing 
Cone. 6 //‘./o fornm (►\aiic and ao tic 

acids.- -d. Wilt n it i.s di -oht I in w.it. r and an 
niuivalcnt (tf aniliiii- is addi d tin -i* ^ rp.iiati s a 
frystallinc pj'. (’ .11 1'.r itd ) 1 1 ii( d M l.N H li ). 
[12S j. Thi^ acid anilii.r -alt di-r.M!\»d ni 
watrr and ai!o\‘.< 1 lu >t:uid di jf'.its the arid 
aiiilido CO.lI.F IlDi-.CO.MK’ M. uhi.dt cn. tal- 
liscs in }ifis!ns ; in.nl. iji dilute lU'l. If in-l. ad 
of al'io\ing the sub t.itwo to n art in the 
cold the solution is li. it' d, the «‘onq' 'Uials 
Cj^lI,.X(.). and arc oblained. 

(’iNJIl’h) COv 

probably >M’h, 

CII r(K 

[2d0'^j. forniH oehic - roloin'rd mii:ro:>e,.) ii' 
needles. Jtisol. Iiot, , : •■!. Cold a<j ; h-I. 

hot. alcohol, Irs-t in r-dd; pr.»- 

CtNllUJtj CO.ll 

baldv 1; »Ll‘'t’> ', hillll . VrlliiA ir )j 

Cll.CO.MlDi 

indistinct cry-taK. Sol. hot, ni. cad, cold ntj. 
,Sol. alka'is ; arid ■ p]t, 1 hr ; ub i ,nrr iii.ritaiifyd 
(Miehiu 1, J '.t, !mI; J{. 1','. ib'ib). 

halts. A'' .V ' ; rr\ f.tlliur pp. Ca.V'' da'p 
— Cu\a,\''. l:rp' !'bA''a.|. 

Jh/iLi'lli li >'t)n.'r A'Mr,. i.V.A (‘on- 

verted liv iodinr into dini' iiiyl brcuio fiiia;.rafr. 

l.)i'^t!i;il i'ihvr A'di! . c.b'ci i.V.i. 
(1 ItH Ido ) at '.Pd HUM. (.\n eliiit/., i>, 12, 22->«; 
Feliaehf'rl. A. '.'"J'.l, '.)! ). 

Anhf. 'f ,'■/ CMMlrO,. r..nn<d 

a.s above, and also i>y IratiP ' -ur' ioii.' 

acid wilii Ac < ) ,ir ];;() lAo buU', /;. JO, Js.sii. 
Wati-r torai ^ bi luir i-niali ir arid. 

J i;( ib/c (l.JJ jb’X A>.. J7d b I'riCn llm 
iinidc an I Ml,. 

Iiiiidi' iNII. I'onind, 

together -r. illi tli<’ a.uiibf- (d di-br*. ;iio Ilia!' ir 
acid, by laaliiig surriniuiide wit.h Ur a* U'.:) 
jCiuniiei .n a. Silb^r, U. 17, ’»b7 ; Kvi< :ju:l.j, 

iVoVr. IJ. 71, a:! I, 

Iso - bn.' :no - maleic acid i.s l>'.ir:.,-j : n ..i.ic 

ACII> iq. r.}. 

Broi.'io- maleic acid ( .^) (’,1 J lb t > . 112 . 

X’roni nuir . ibi-<)Mi<; acid and (llji!, .b'. 

17, 2;;0i.- IvA'bep- Jl.iA" 2.ri. \\ A". , 

Di-bromo-maltic acid f:,);r lj <),. 'l‘_;; ; 

Formed, to/ether with I'liiino-^i t.i arid, }>v . 
brominatiii;; .^U' l.dnie u.- ! iKb l;!;:P, A, l.bo j). ' 
From (d'})'iii-br<'nii -pynuiHuii; .acid and iiuin 
tri-broino-pyii m'.rir a'-id by 1,1 dilute IIM)., 
(Hill a. San;.''!', A. •2;t2. H'.i). rdrujeil a! o by I 
heating murui K-niir an I v.itii ].{•■;,* 1 in' Hlili, j 
Avi, U, 48 ; J-!. Id. 7di). S.endei- M* .{ n< < dies, ; 
V. sol. water, aleoiiol, and ( 1 her, v. si. oi. brn/eno ■ 
and ligroin. An c-puiAalf. nt f[i:ar(tity of aniliiio ' 
aebU'd to .a solution of tlu- a -id in v.at- r di:. dvi s ' 
VoL. I. 


and tlieu deposiU the aehl aniUue salt When 
this is allowed to stand under water it gradually 
forms an anilide. The aeutrul salt in the 
same way gi*vos thodi-anilidot’.lh .^C'O.NHTh),,. 
fl 10 . By heating the acid (o jMs.), \viti» \Vttt<*r 
{M p:s.) and aniline (2'2 pts.) for 20 minutes 
(’(NllFh) - FOv 

^NlMi ;is;! j is ( !>: iiiird in t)ie 
('Ur (AK 
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lit alii!;.; ! 

SUrriii 

iiiiidr Avilh la-oniiur 

M 

■ lies linie 

er\ i.tals. 

u:/ :i' ■ 

- •■i;;t2.i: '.ti;i:i ; 

1 I'.l 

i'.y 

boiliii)' with a*pn oils KOll it is 

1 O’.IV 1 

1 ;• d into 

tli-bronio Mn'.'i 

:e acid {(bainii . • 

a. } 

■oil., r. li. 

17, ; 

n. 

•b.V. r/. Ki. i, luiiK,..', 


Vl.bnl). 


Bromy-ii.a.i;c-acid-ili-bioiiiide r. 'rj.i-iiiu.Md. 

srcv iMc .M io. 

DI BROMO-MA LEIC ALDRH V D F ( : , 1 1 , Hi 
{on b (bit in small ijuautily fioiii (,i; ) dibtnnui 
py f'lmu ir a. nl and .rpoiuiM bioi‘i;!!r priinniis, 

12, I'J'i.'j ; Hill a. Sanjur, .1, ‘.’b b ■A), l.ong 
thin pri. ms (fioin wal'U ). V. >.o!. al' iuiol, ctiier, 
<■ lib-i . f..rni, an*l I - n/« nr, m. : wl, li-bt pi l.iip 
b ijiii. In a <”.!n • !'.( « if ('(). itniav bei ublmnd. 
On o.\idaiiiiii it pivr;: miM'bii'niir a.ud. 

BKOMO-MALEYLBHOIiIII)I;>(’,ll|;i O . 
I’cturd by tnatiiip p>'»i di bionic p_> nmiticic 
arid with riild bioniiiii (llitl a. Sai-" i, .1. *2d'2, 
Ml). I-ong pi ii-liin (ftolll li;'bt p> tldlrmiit. 

BROMO-MAMC ACID C,ll IhO, liio ho- 
diiim HuU Xb-.II.V" i,> foini. d !.•> l!;r arlinn of 
NaOI'A .codinii. di bioino : ureiin.t' . iP ilijir, lin,.'- 
wat< r I'ciivi rl st intoeali ininia- i in; b . Sodiiim- 
ani.il/am Ion .i.ilmn i iie. i ;.u, l’b(OAe)^. 
Pl.s. l*bA. 

A r t vii t irr . iStnliuin salt 
Cn } !(< »lb ).('(pN;i. . ji:r iiiass ; 

1 .1 no d by add.l;;' alrolu.lir r.ati!'! In : odium 
ili-i>i OHIO tuiri iij.ati- (Mulvbr a, ll:ij,d(i.i;.>('r, 

T. (.’. I, loll. 

BU IMO-MALONIC ACIP f> l.lit', i.fi. 
( 1 1 lb ((’O n ) Obl.iinrd by .i-y tho di 

iu |•lui^l;ltt■<l arid with f-'.idiuni ;'j.. ^ "■ 

■ I . J li, . iJ. 11, O I )• i up* t . :ii ; moist 

;\,' ()f'iim. i.itionic Ap A'b 

Di -mnlaai'- mi'l (bb •( o ff) .ic. 120 |, 

l iom m ■.'.!!,;(■ arid OJicp i;,’ (p, |ii, jf, Jf 

V. ii'o; J. J:. lo, \,i, t linij, /p 
•b-'di. V. e. so!. V. .ter. Ib.dii ' b,o't;i v.alrr 
1> >1 in n-i . o-xabr ;,tdd. 

.1 (/e (.'Br (<'OMl . [pni; i. loijiuid 

I'.' iidil.'.'ig Jlr to Jua!- .loide m .kii . , solu* 
4o>n l lbriind, //. 17, ■ J}.4 Foinr d a i u by iJlL 
a' bon <»f a!ri;b<di<: XU, on tiif' amid< wf pctiia- 
biomo ;ircio-ar< t ir acid C]ir...ro.( | .1 .('(L'ijl 
(St'-kisa. I’liiiniann, Am. H, .'b'Hp X’< 
pri. ms, or iirtabidru. hi. sol. but watm, 

alcohol, and ut» tic acid. * J : 

wliitr amoipbou:- powder, insolulde in water and 
alc-.ih'il. 

Mciiiylamidt CDr (CO.XliMe)^; 

T P 
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JBKOHU-MAJLOjflU AUID. 


Urge white needles or trimctric crystals (Freund, 
D. 17, 782). 

BHOMO MAIOPHTHALIC ACID aiI„BrO,. 
From tetra-hydro-phthalic acid and broinine- 
water (Jbioyer, A. lOfi, I’risjnH or tables 

(fontaining ^aq). Baryta- v.uter converts it into 

BRoMO-MELILOTIC ACID v. Buomo-oxv- 
rm;v'. r.-i-ii'ieroM.- A( rn. 

BROMO MESITENE LACTONE 

[lOo^J. From inesi!» no Iivdone, 

(\S, andBr(t'. AciiTo Af-KTu; etiiku). SI. .sol. cold 
alcoliol nrwl’vatcr (1 lunl/sch, A. 22-?. Jsj. 

BROMO - MESITOL C.,H,,BrO '.e. 
C,llM(‘,Br{Oll). iS'eidles (from alcoliol) 

(Bicdermurin a. B( »loii.x, U. H, o‘.>). 

Di-broino - mesitol C,_Me,l;r.d<)II). floO ']. 
From rnesitol, Br, liOAc, ami 1 (.lacobsen, A. 

I'jr,.2(:r,). 

BROMO MESITYL ALCOHOL v. Bkomo-w- 
oxy-,mi:kitvm:nk. 

;nBROMO - MESITYL BROMIDE v. i>-u>-Dr- 

HIIOMO MK.O rVEKNK. 

BROMO MESIfYLENE C,]I,Me,Br fl::5:5;l]. 
Hyomo-s-tri-vu'tlujl-lu n. (’)!('. {- F'j. (2'.?7‘M. V.). 
S.(l. t" l'd2. J''orme(| by tin- a< lion of 1 mol. I’.r 
upon cold mosityloiio in llm dark (Filti;; a. 
Stover, A. 1 17, 0; Scliriimm, />. It), 212). 

(r);.'!: 1 ) ro B romo-meaitylene 
<'Jf,(Cll ) icil Br) 11:3:5]. yl/c.si/v/ hromiih, 
i.'iS ’j. I'Jdl ). Brisms. Formed by brominal ion 
of mejiitylciic at 130’ (Wlsptk, li. 10, 1577; 
Folson. -i. Ch. lOJ 0, Rt) ; C. t)0, 713). 

c.s- ) Di-bromo-meaityloiie OjilMc.Br... [CTJ. 

(27R'). l.ot)|' lUM'.dles. T’orim'd by the action 

of 2 mols. of bromine upon mesityicne in flic 
dmk a. S. ; Sii.-.simi'nth, A. 215, 21H; 
Si'liramm, B. It), 212), Fuming UNO, give;; 
bromo-di-nitro mesitylono [IDF’j. 

p-w-Di-bromo-mositylene 
(’,ll,,(ril,).r.i(Cll,Br) (5:3;1;1]. - Brown - 

iiiis'JtJ />•[-;);///’. (dl, Iluid at ' ll)'. I'oj’om- 
po ;cs on died illat ion. J-’orniod by tin- acl ion oi 
bromine (1 inol.) in sfiii Jiini' upon «•^o-br^ mo- 
ini'sil s lenc (Schranmi, />*, It), 213). 

a*u'-Di -broiao mesitylcuu (’,.11 Br),. 

fOri ’J. I’onm d by }>as'iin;,' (’O . i bar, sa d wilii 
l)rominc ^.l]'< 1 llr into boiling mcsitvlono ((ktl.-on, 
A. Ch. [<)] 22; C. U. t)d, 713 ; Ib.bim t, C. 11 . 

IX'i, fi()0). Injiuv’d also by tn-ating u’a>.di-o\y- 
nT(''driy>";.; witlTilBr (Bobinct a. Colson, Bl. |2] 
40, 111). prisms ; «h’Conipo-’.i w byalcolml. 

Tri-c.'-n-broino-mcsilyU'no C„iM(\Br,. (22 B’]. 
l ovinc'l by tlu' action of 3 mol-;, of bromino* 
upon mcsit vb no in tlu' duik ^Seliramm, B. It), 
213). Trii’linio rr^stals. v. fd. sid. alcohol. 

: a',a'.,-Tri.bromo.Tiicsitylcne 
CJf .(0lf.)B.r((^ll,Br),(5;t;;;:l]. [122’]. Obl.iincd 
by the action of hrominc (I mol.) h\ itunshii'n' 
optm hot jj-ci'-di-hromo mc: itylcnc (/'-hn'mo- 
mt'sityl-hroinidc) C^A'ld^Cl I ,) .B.r^CH .Br). Vi iy 
tlendcr needles (from alcolu»l) Sehrumm, B. 12, 
215). 

c a',&v..Tri-broino mesityUiio 
CJl,..McBr(Cll.,Br),, [.5:2; 1:3]. [ST]. From 

hK'ino a',u,.-di-oxy-nu'sitylenc and cone. 11 Br. 
Can hi' formed hv hrominating nn'sitvleno (Col- 
son, ,1. Ch. [I’] (k 101 ; }U. 12] n.3r.2). 

Tii-bronio-iuositylcne ( ', II ,(rTI Br),. 
(21.' ) at 10 mm. From boihng iiusii}!- 


eno and Br (S mols.). Needles, v. sol. boilini^ 
alcohol (Colson, C. R, 9G, 713 ; A. Ch. [Cj G, 20) 

BEOMO-MESITYLENJBL GLYCOL v. Bromo 

DI-O.XY-MKSITYLF.XK. 

BROMO-MESITYLENE SULPHONIC ACID 

C..II,,BrS 03 i.e. C„llMe,Br.SOJi. Formed by 
the action of bromiiio-wator on a very dilute 
fiolnlion of -me-sityleno-snlidiorjic acid or its Ba 
salt; formed also from biomo-mositylene and 
fiimiti;.' II^SO, (Ibise, A. 101, 50). Deliquescent 
trimetric needles (from (‘tlu r), - liiV.V.. aq. — 
BbA'.. 1 ‘,aq. K.X'aq, (OiA', i.op NaA'. 

(a)-BR0M0 MESITYLENIC ACID DJl^BrO, 
i.r. C,.lBMo ,Br(C(),H) [1:3: 1:5 . 1 17 ']. Formed, 

to 'etlu-r witli soiiu; of its isomn idi.s, l*y the slow 
a< tion of Br on me-ilylenic acid in the cold 
Formed also from the correspoTidin ;4 amido- 
me .ityleiilo aetd (.Si limit/, A. 123, 172). Tri- 
melric pri nns (from alcohol), aibic ^ -1)27:1: *470 
Ba.\'.. laq : monoclinic, n:/y:c==3-()08:l; SOI ; 
^-(l:{'''2r.- CaV,2.iq. 

(/)) -Bromo mtifiityleiiic acid 
C.H.Me,Bi((:0 II) (l:3-.2:5’. [215’] (Sell.); 

[212 "] (.S.). I'oniu'd by o.\i(li.sii),g bronio-me.sity I- 
eiic (Fittig a. Siorei', A. M7, 1), or from the 
eorrespomling amido- acid (Sell.). .MonooHnic 
eryslals, /c/cc 1-B.)3;1 ;-70»(); d-70’ 35'.— BaA' . 
-CaA',. CaA',5;iq. KA'. 

Li-bromo-nicsilyleiiic acidC,.JIHr,.Mc..(CO.,II). 
flt)5'’|. Formed hy orciilising di-bioino-mesityl- 
ene (Sii.ssengulli, A. 215, 250). Nenlles (by 
sublimation). - CaA',.7aq.— BaA'., 3 '.uj. 

BROMO-METHACRYLIC ACID 0,11 ,BrO, i.e. 
ClIBr:CMe.C(J.lI. Bnnno-cruiouir. acul. [03'’]. 
(22t) '). F’rom citrii’ or iiu'r.n- di-brorno-pyro- 
tartaric acid by Ircalnu nt will) water, Na^COsAq, 
or KOll.Aq (Kokiilc, .1. (S///'/'/. 2, t)7 ; Cahours, 
A. iSff/'j'/.'J, :'A7 ; Fittiga. Ki uscmurk, d. 2()0, 7 ; 
Frieilricli, .1 . 20li, 351). Also from n/)-di-bromo- 
isobntyric :icid aiid Na()ll.\i| (B. Kolbe, ,7. jf r. 
(2: 25, 3R:?). Flat neodlos, ;-i. sol. cold water. 
B^i-dnct'd by sodium-amalgam to isoliutyric acid. 
Decomp. .;od by lieating with alkalis into 
iM'th.ane, nlivlenc, and a-', tie acid (F.).— 
CaA'..3a.i. 8* (of CaA',) 5*75 at 11’.- Ag.V.— 
JlO.CnA'. Nil ,HA'.. (.Morawski, .S//:-. B. 71, 32). 

/■://.■ // 1 i'lhor i;iA'. (123 ) (C.). 

Bromo-mothacrylic acid 
CJ] :C(Clf.Br),(3) II. [00 ]. Fonnrd, together 
with the I'rt'ceding, hy boiling /Ui ,.-.i-di-bromo- 
j»yrotartario aci-l witli water or Na_.C().,Aq 
(Ivrusfinark, A. 2()it, 12). l.amina! (from water), 
V, .sol. \\at(‘r; volatile with sli-am. ite.diiced 
with dilliculty hy so.lium anodj.am to isobutyric 
acid. “CaA'. 2a(i. ,S. (of CaA'J SO at ,5’. 

Di-bromo-methacrylic acid C,n,Br;,0,. 
Keodles. From Iri-bromo-butyrie acid (dibrornido 
cf br<»mo-methacrylio a. 'd). At 120 ' ittakesup 
Br forming trtra-liromo-bntyric acid, whence 
hoiling allxfilis form 

Tri-bromo methacrylic' acid CJlaBr,0,. 

Needles ((’.). 

ROMO'METHANE v. MrrnYL rromtde. 
i-bromo-metliano v. MKTHYi.rxK huomide. 

Tri-bromo-methane v. BnoMonoj{.M. 

Tetra-bromo-methane CBr,. Corhon tetra- 
brcyvii Ic. ft)2'’]. (182 ). Occurs in commercial 
bromine (Hamilton, (’. J. 32. Is). 

Ft'rnuBiofi. - 1. By lu ating Br with CSj in 
]'resence of I or SbBr, (Bolas a. Cvovos, C. J. 
23, Kil; 21, 773; .1. 150, 00; 100, 1G0}.~ 2. 
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From CH.^C1^ and IBr, (HMand, A. 240, 236). — 
8. From aieoliol and Br (Schafler, li. 4, 866).— 
4. By exposing a mixture of dilute KOH, bromo- 
forin, and Br to suiilij^'ljt (Haborinanii, A. 
107, 174). — 6. By heating bronioforin or broino- 
picrin with Rblir, or HrI at 1 •■><)-’'. 0.. I’r .iu CT, 

and Br (lTustMv>'>?i. .1. 17’J, From 

CCl,and AI Br,; at l(»i) 

8. Froir CII.,Br ati l Ur in [ir-. . (•nro of animal 
charcoal (Bainoi -. ;ia, C. H, '.rj, hm. 

Pn )hir,itiun. - (.‘'r>. i,s heat* d witli 

iodine (it j)ts.) and Br lllpts.) for \h\ iiowrs .at 
150^ (lloland, A. 210, 

' i. Ta!'!. s w ilh faint c iinplior lilce 
Pined 1 ; oxtii'inidy jn-t-ne to snhiimation. At 220 ' 
it split:, up info F I’o', and lir(»:nin<'. Boilin,; 
alcohol {'iv. s hroinal, llBr. and ald-diydo. .Moo- 
holic KOH drives K (:()., and Kltr. t^odium anial- 
p im form.-; (dl Br. and (.’H Br . 

BROMO MEIHANE DuSULPHONIC ACID 
rd Hires'. >1 1 ),. I’o I a i u 111 sal t K A". From 
bi'onii)-ili-;.n!j)!io-:ddi li\ .!.• ('BriSO.l 1 1 .(diO by 
hoilin;' wilU a'p: oi|> K_CO, (Bathlvi-. .1. li'.l, llW). 

Di biomo methane sulplioiiic arid 
CHl'lr^St )J 1. IBir i u ni sa . I li.iA' ..'Idun ’jnetnons 
platen, form- I by the aeliun id Br nn n b u imn 
pul)di,. ;,t l-'l'i I A 11 d IV 1 1 , M. 7. Bvri. 

8K0M0 PJtNl'A METHYL TRI AMiDO Tdl- 
PHENYL-CARBINOL (' ,11 BrN.n. Hydro- 
bromide C ,il,,Nj;;llBr. Foinw*! by In aiin;’ 
di-metliyl-aniline w i!)i Br at 120 ' (Br.;-.! ]• 
a. Bniniiri-, li. B). l i.‘i, ] ] . CiO? i. 

DI-BROMC-KETHYLAMINE .M, XBr, r. 

MnTJivi..vMiM’. 

. BROMO METHYL ANILINE 
('.ll.<l.ir;.NHM,a (11 \ ). Br.pai. ifrom 

tlie nitro.- .itnine, 

.'1 1 't’ t V I tic r i nj t i VC '02 

Nily\>.,ir- ; ,ic (’, il.illriNM. iNO). (7 I'd 

li'nio ij,., ,1 1 , I , .rill'd by t lie aet lou of I i N < ' . on 

y liromo-di-ineUiyl-aiiilino (Wursb-r a. Seb' dc', 
Jl. 12. 18 IS). 

ja-Bromo di methyl-aniliiie 0 H,i 

[li’-']. (2i‘l ' rorr.). Jhi-pai* d by tin- 

iiH't liylat io.'i A it: br nianiane. Jiy tin’ actii'H 
ot 1 i NO.it f^dv'S a rut 1 ',':o <■' an pound wliirh f .j m.^ 
1',. lit jjrc' ii Ilf d!'.^ and no !t .s at 'ab.m?, J 1 ' . 

' M, //r.v/o-ro, (’Jl B.'-.N.Mo.F .'201 J. 

Fealb'ls (Wur.-t. r a S.'b. .b, . //, ]u. I-Ff. 

/i-Bromo di-mot a vI aniline C t] iBjjNaB' 
[1:F. 1. i2oJ '.,.rr,). 

Prcp'trit! . 1. B.,' broniimit b.n of dF 

Jm ihyl anilint! di-a'i;\< 'I inai ' lie a'-nl I'Wil ir, 
il. s, Til; B), Tti-';:;. 2. By in* l.ition «>f /.'■ 
bi-o;:i iniinie. By the aciii ii of ii - 

a mixtUiO of p Jiitr.vdi-inelliy! aniiiin; jin i ;<• 
bro?nf)-]du .j vl .ni'l Iiy 1-nif f -.vnn m 

M e t h hi - 1 ’’-! i d c (_'J1 .B' ..bMe^I. ] 

(Wurslera. .Sela d.e. ]i. V>, i'nI'.;. 

F(rrjc]/‘i ?■' idc B' J{ N i. | 
Ferricyav X'l c li'J 1 1 o ((:\ :, ‘..i.j: ’oiy 
eoluble ycdiow (u%.-tuh; ( Wnr.-t'.i^i. Jb ;■« r, }'■ 12, 

182o). ' ’ ^ 

BROMO-DI -METHYL- ANILINE. PHIHA. 
LElN C„H ..Br A O, i.r. 

C ,i<;^C\C.iy'.rN.Mi',!,>^ The hv-lmcM.., M,., 

(i.irijied by laating pdtrorno di-mf ;i\ !-aiiiiinc 
with pbthalyl chloride, ei \ .stallise.^ in blue 

needles. Cone. lU’lA ] pi s. diim'v ru' > n B '2HCI 
(0. Fischer, U. 10, 1«;2.1). B '.Jl J'lCl.. 


CjjHjoBra. [ 13 d^-li 0 ^j. From mothyBanthr.i- 
cefie by Br in CS.^ (Liebormann, . 4 .* 212 , 85 ). 
Y’ollow needles (from glacial 110 .\o). 

Tetra- bromo - methyl - anthracene 0 ,^ H.nr.’t 
Needle.s ^fiom tohieiud. Oxidi.si s to di broMiCh 
i niethvl-anthraijuinom' (li.). 

! Dt BROMO - DI - METHYL - ANIHRACENE- 
DIIIYDRIDEC, H, ,Br , Fiomdi ini lhylanthrfv- 
I'l m* iliii and Br in IBbVc (.\n. diul/., .4. 
2;5.'., :‘.o:*b Osidi^.'-Uonntlu.oi Ml, .'ll'. 

DI-BROMO METHYL-ATROJ.ACTIC ACID v. 

Ih .'JA J- lUi.UM.'Nl. A. 1 O. 

TETRA BROMO METHYL- A UirNE 
r ..H, Br,(>,. Formed bv bioini.t.al nn.’ methyl- 
ammo B'HB.r2.i.i (/u'.icovf by, .1/. :t. 171 ). 

BROMO -METHYL- BENZENE r. Bimiio. 

TiU.i'KN’K. 

Biomo-di-mcthyl benzene r. Bi:o i.* xyiu'.nh. 
Tri-bromo -Iri -methyl -benzene ('«{('! l J,Br, 
■J :2;;tr BoMib 77/ bromo hcvtunt liitlicur. i2BV’]. 
Nb'i'dles. SI. sol. Jileolu.d. FortMcd by brominu- 
lion ('f (1.2:d)-tri !m'lliyl-i)i'n/,t'ne (.iiicob.u'n, li. 
l.‘», is.'is). Other hromo-tri im-lliyl h* ii/,enoi< 
are deserihed ns BuoMo-if-citMKNKs and Buomo 
Ml STTVLI'NKS. 

Bromo - tetra - methyl - bonzone^ r. Biaoto 

M’lo sr. 

Bromo pentn methyl-benzene r.JtjM«',.[ 1 01 
(2-'U ). J'rom 0„M' ,H. and 1 (I'licib 1 a. 
Crat; . .4. Ch. [0] 1, IVd). 

Hexa V bromo hcxa incthyl-bcnzeno 
C iFil Br),.. i255 'i (F. n. C.) ; i227''j (H.). 

hr 'in lie\ i 111 ' Ihyl b<*n/.rnr, wab r, and Br at. 
lot (H"f!iia'in, //. B’J, 1782; I'rii del a. Crafts, 
.1. Jii 1, -lbs). 

BROMO METHYL-BENZOIC ACID r. Biiomo 
i"!.’. ue A' n*. 

Bromo-di -methyl -benzoic acid 
C. ll BrMeXtOjl. [ 178 'J. Urtmvn ji^cudo cum^^ic 

0 i l. Jir iHii j'yli/lir tidd. I’l om (t H-JirMe. 

1 ’.id: 1*5’ by C O, in IIOAe (Sii < riruitli, .1. 215, 

21 l i. .1 from C H,Mc (CO.H) 1 1 :d. I ! and J5r 

Fi.inf'r. li. 17, BiUS). Needle, ^ ifn ni water). 

e. i,‘.d, ale l.'il.-- CaAVdaij. l'..i V t'a-j. 
Bronio-di methyl -benzoic acid 
CJl I'.rMn^COJI. fist) J. lU-inno p-.chliilic acid. 

I iiun O lIjMe ((’() Hj ( 1:2:1 1 and Br (( inntnr, li. 
17, Jb(Mt). N«* 'JI« .: (friun dilutn ab 'irnd). 

Other isomeridc.s an; de. erir)' ■! f BauMo- 

n*'.'.! I VM'M<; {'/. r.). 

e.rn . BR )M 0 D I M ETH YL CO U jvl N 

X(CJi,; ;(. lir 

C Hjf’HJ<' j . Formed by brorninn- 

\0 CO 

ti'-n "f di-iti' t!'yl-f*«inniavi ) di' -nlved in CS . 
{’: N.slailine jat'dd. ^'1, ; fl, ; 'e.di'd. (hinvert«'d 
by ]ii;t rdeiiladii' IvOH ini" 'll nie.tliy] e.niinjarilio 
a* : 1 cli - naiiivl -en-.nian'iif earb'-xylic acid) 
(Hant/.-eh a. Faiie, ./; , [p 12'.I‘.)). 

• Dl-BROMO-MET.: i LBflE-Dl -PHENYLENE 

(' .H.Br . H''.2 (. J-'nit . inetliylene di plieny’ano 
('/. < N« « d!' or oelalie'lra (fiom ether) (Car- 
le -'pv, C. J. 87, 710). 

HEXA-BROMO-METHYLENE-DI-PHENYL. 
ENE OXIDE C..,H,Br,p. J'onned, togetl.er 
xsilii Ibe la j■ 1 ,l-br•■n^ina!ed eoifipound C,jli|Br,0 
[18b J, by .'eldinj' Br too-im thyl'-ne-di-ydn'iiylene 
c>-;i'b- : i-jn.'j'b 'l in water. Bhu 1:' ns at 0. 226® 

‘ (S.Bzinai.r. a. \VielK;lhtiUb, JJ. 10, 1401). 

r f 2 
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Long 


BBOUO.HSTaTLSNE-FHTHALIDS 

>C=:-CHBr 

CjH,BrO, C„H4 >0 . [133®]. 

'C— 0 

colourlesH needles. Formed by hea.ting phthalyl- 
bromo-acctic acid vi vacuo ; or by bromination 
of acotopliciione-carbox.ylic acid. Tt combines 

mih Br, forming [118°] 

(Gabriel, JJ. 17, 2525). 

p-BROMO-METHYL-ETHYL-ANILINE 
a,H,,l5rN i.e. C,U,Br.NMeEt. (205°). From 
mcthyl-othyl-anilino and Br. Solidifies below 
0° (Claus a.'Ilowitz, Ti. 17, 1327). 

T RI - B ROlflO - DI -^ETHYL-ETHYL - BENZ . 
ENE C,„lT,,Br, i.e. C.BraMeoEt. [21B°J. (Jacob- 
sen, B. 7, 1134). 

DI-BROMO - METHYL - ETHYL - GLYOXA - 
LINE C3Br,(CII,)(C,lI,)N,. Di-hromo-oxal- 
ethylinc. [38°J. Colourless crystals. Sol. acids. 
Foriiicd by bromination of mcthyl-otliyl glyoxa- 
line (oxal-cthyliiif ) (Wallach, B. 1C, 537). 

HEXA-BROMO-METHYL-ETHYL-KETONE 
CJI,Br„0 i.c. CBr3.CO.ClI,.CBr3. [yO°J. From 
V-di-brorno-ethylene and HBrO (Demole, B. 11, 
1710). Beducod by sodium-ariialgani to methyl 
ethyl ketone. Fuming IINOj gives malonic 
acid. 

DI-BR0M0-(j5.2-Pv.2).DI-METHYL-(Py.3)- 
ETHYL-QUIN0LINEC,3Tr,:,Br,N. [144°]. Wl)ito 
needles (llavz, B. 18, 3380). 

TRI-BROMO-METHYL-GLYOXALINE 
C.,Br.,(ClI,,)N„. Tri-hroino-oxahnctlujlin. [80®]. 
White ery.stals. Insoluble in cold water. 

Formation.— li. By the action of Mel on tri- 
bromo-glyoxaline-silver. — 2. By bromination of 
methyl -glyoxal inn (oxal-methylinc) dissolved in 
dilute H.^SO, (Wu'.lach, B. 10, 537). 

BROMO-METHYL-INDONAPHTHENE-CAR- 
BOXYLIC ACID JI. [215"]. 

Formed by bromination of methyl-indojiapli- 
theno in chloroform. Needles. SI. sol. alcohol 
(Bosor, B. 20, 1575). 

HEXA -BROMO-DI-METHYL-METHYLENE 
DIKETONE CJI.Br.Oi.e. CBra.CO.CIL.CO.CBr,. 
Jh\ra-hromo-acciijl-acctone. [108°J. From the 
dIketone and Br (Combes,/!. Ch. [CJ 12,210). 
Needles ; decomposed by alkalis into tri-bromo- 
aiid triroromo-acetic acid. 

SS '^fJ^p-a-METHYL-NAPTITIIALENE 
c.so-BROx. (298° corr.). Colourless fluid. 
C,„H,;Br(CH3). , 'lection of bromine on a cold 
I’ormod by the tr^l-naphthalene in CS... 
solution of (a)-metlij '^ound 

Picric acid Yellow needles 

C„H„Br,C«lP(NO.,)30H. fx.. 

(Schul/e, B. 17, 1528). ,^0 

^!.so-Bromo-^-methyl-naphthale.;,| Formed 
C,JI.,BrtCll3). (290°). Colourless 
by the action of bRjinine on a cold so 
(j3).methyl-naphtlialeno in CS... 

Picric acid compound ^ 

C,,H.,Br,C,H..(NO.^)30H [113°], yellow need. 
(Schulze, B. 17, 1528). 

«.Broino-(B)-mttthyl-naplitlialene 
C,oH,.CH..Br. [5C°]. (213° at 100 mm.). White 
glistening plates. Formed by passing ga.scous 
bromine into (0)-methyl-na[)htlialene heated 
to 240° fSchulze. B. 17. 1529). 


Ttri-bromo-di-metliyLiutplithalene 
[228°] (Cannizzaro a. Carnelntti, 0, 12,410; 
cf, Giovanozzi, G. 12, 147). , 

rRI-BROMO-METHYL-DI-PHENYL-AMINE 

C,3H,oBr3N i.e. NMe(C„H.,Br.,)(C,H,Br). [98°]. 
From methyl-di-phenyl-arnine and Br (Gnohm, 
B. 8. 92C). HNO3 forms |Cjy]r(NO,,)2l2NH. 

Totra-bromo-methyl-di-phenyl-amine 
(CJljBr.J.^NMe. [129°]. Formed at the samo 
time as the preceding (G.). 

DI-BROMO-DI-METHYL-QITINOL v. Di- 
victhyl- BHOMo-iiYnKoQuiN'ONn. 
BkOMO-METHYL-PIPERIDINE 


/CHBr.CII,,\ vAr 


The mctbylo-bromide 


(IVMeBr) is formed very readily by isomeric 
change di-mcthyl-eS-di-bromo-Ji-amyl-amino 
(so-called ‘ di-niethyl-piperidiuc-di-bromine ’), 
01LBr.CHBr.ClI,„CH.j.CIL.NMe.,, by warming 
its alcoliolic solution for a short time (Mcrling, 
B. 19, 2030). 

DI-BROMO-METHYL-PYRIDINE CJI^Br.N 
i.e. C.,NH._jMeBr„. [100°]. Formed, together with 
ethylene bromide, from troj>idine {q. y.) hydro- 
bromide and bromine at 105° (Ladenburg, A, 
217, 145). 

s-Di-bromo-di-methyl-pyridine C^NHMe.Bra 
[1:5:2:!]. Di-hromo-luiidinc. [05 ]. P’ormod 
by the action of bromine upon an aipieons solu- 
tion of the potassium salt of .s-di-metljyl-pyii- 
dinc - di - carboxylic acid. — I l^H.Gl.^lHCl., 2IU1 • 
needles (Pfeiifer, B. 20, 1350). 

Di-bromo-.s- tri - methyl - pyridine C3NMc3Br.^ 
[1:3:5:2:4]. Di-hromo-collidinc. [81°J. (202*^) at 
720 mm. Obtained by the action of bromino 
unon an a<pieoiis solution of the potassium salt 
ot .s'-tri-methyl-pyridine-di-carboxylic acid; the 
yield is 50 p.c. of the theoretical. White pearly 
jdates. Very volatile with steam. Weak base. 

Sal ts B'HCl : easily soluble small glis- 
tening crystals. B'./l T.Pl.PtCl, 2aq : orange- 
y<‘l low needles. B'JIX'ivO/: [1 10 'J ; needles.— 
^ r)'C„II^(NU.J;,OTl : [lOU 'j dark-yellow llat 
prisms, v. sol. hot alcohol, insol. water (rfeiller, 
B. 20, 1315). 

DI - BROMO - TRI-METHYL PYRIDINE DI- 
CARBOXYLIC ETHER. Dibromide 
NC.,H.Br..(CO^Et).^l}r.,. [102 ']. From the follow- 
ing body and fuming HN03(llanlzsch, /1. 215, 17). 

Di-bromo-tri-methyl - pyridine di-carboxylio 
other. Di-bromhydride 
NC„HjBiv(CO.jEt) Jljir... [88°]. P’rom the di- 
hydride of (1,3, 5, 2, 4) - tri - melhyl -pyridine - di - 
carboxylic ether by Br in CS. (Hantzsch, A. 
215, 14). Yellow twin crystals. 

DI-BROMO - DI - METHYL - P YROCATECHIN 
V. Di-vu'tlujL ether of Di-nKoMo-PYiioCATKeiTiN. 

HEXA-BROMO-Dl-METHYL TRISULPHIDE 
C2Br,;S., i.e, (CBr.,).,S.,. Carbotriih iokexabromide. 
[125°]. S.' (alcohol) 5-5 at 78°; S. (ether) 2*36 

at 0°. From CS. aiid Br (Hell a. Urech, B. 15, 
275, 987 ; id, li47). Prisms or tables, insol. 
Wilder. Plot cone. NbiOH gives NaBr, Na.^COa, 
and Na^S.,. Decompo.sed by heat into CBr^, 
CS..Br„ Silr.,, and a blue substance C.,Br.S4 2a(l. 

DI-BROMO-METHYL-THIOPHENE 
IIBr.,(GH3)S. (228°). Oil (Meyer a. Kreis, B. 
l787). 

^ ' 'i-bromo- (a) -methyl-thiophene 04Br,fCH3)S. 
fp^.'mio-{^)-thiotolene. [80°]. Formed by bro- 
iniiiatio?* (B)-inethyl-tluopliene (Egli, B, 18, 



545 K Long colourless silky needles. V. sol. ether 
fend hot alcohol. 

Tri-bromo-methyl-thiophene CjBrjfCHJS. 
[39®]. Formed by bromination of the methyl- 
thiophene from pyrotartaric aoid. Large colour- 
less needles (Volhard a. Erdmann, B. 18, 4.55). 
Forms a molecular compouiul [74^] with the 
preceding (Gatterniann, B. 18, l>()05). 

Bromo-(U -methyl-thiophene C ,H{CH.,).,BrS. 
Dromo-thioxfinc. urieor.). I'orjucd by bro- 

niination of thioxene dissolved in CS.. Volat ile 
with 'steam. Colourless tliiid. Heavier than 
water (Messinger, B. 18, 1087). 

Di-bromo -di-methyl-thiophene C^(CIf.,).Br-S. 
Di-bromo-ihio.ronc, [4(1°]. (247'^ uncor.). Long 
colourless needles. Formed by adding 2 mols. 
of bromine to cooled thioxene (from coal-tar) 
(Messingor, B. 18, 503). 

Di-bromo-di-methyi-thiophene C,(CIl3)oBr B. 
Di-hromo-thinxene, [47° 60^J. Needles. Vola- 
tile with steam. Formed by bromination (with 
2Br.,) of thioxene (from acetonyl-acetone) (I’aal, 

B. 18, 2253). 

Tri-bromo-di-methyl-thiophene 0,^11, Br^B i.c. 
C4Br.(Cn.,)(ClIJlr)S. Tri-oroinu-lhioxene. [141“]. 
Crystallises and sublimes in needles. Formed 
by the action of an excess of bromine upon the 
di-hromo- derivative of the tbioxeno olitained 
from acctonyl -acetone (Paal, B. 18, 2253). 

Octo-broino-di-mcthyl-thiopheno 
C4Br.^(CBr.,),B. Octo-hromo-thiaxenr. [114°]. Small 
needles. Foi mod by the action of an excess of 
bromine upon thioxene (from coal-tar) (.Mes- 
singor, B. 18, 505). 

BROMO-DI-METHYL-o-TOLUIDINE 

C, H,,BrN i.e. 0,113(0113) (Br)N Me,. (215°). Pro- 
pared by bromination of tli-inethyl-o-toluidino, 
or by methylation of bromo-o-tolnidine (Micliler 
a, Sampaio, B. 14, 2172). Liquid ; sol. alcohol 
and ether, volatile with steam. 

Bromo-di-methyl-w-toluidine 
CIl3(Br)(Cll3)N.Me2 [1:2:4]. [t)H°]. (270°). *h'e- 
pared by bromination of di-metliyl-m-toluldine. 
White leallets. I nsol. water, sol. alcohol , I igroin 
and OJI, (Wurster a. lliedel, B, 12, 1800). 

Jj'erro cyanide B',Tl4Fe(CN'),j4aq: crystals. 
Ferrici/anidc B',ir,Fe,(CN),.,{laq. Very 
soluble yellow crystals (Wurster a. lloscr, B. 
12 , 1820). 

TETRA-BROMO-MYRISTIC ACID 
CHHgiBr^O,. From myrislolic acid and Br 
(Masino, A. 202, 170). 

DI-BROMO-MYRISTOLIC ACID C,,lP,Br A* 

Obtained by gently Nvarming the preceding (M.). 

o-BROMO-NAFHTHALENE C,„ll,Br [1 j. [5°J. 
(277°) ; (280° cor.) (Ihimsay a. Young, C, J. 
47, 650). S.G. 1-1750; 1-503. 

(Nasini, Q. 15, 9.3). 

Formation. — 1. From naphthalene in C83 
and Br (Laurent, A. Ch. [2] .59, F.tO; Glaser, .4. 
136, 40; Wahlforss, Z. 180.Y 3; Gnehm, B. 
15, 2721). — 2. From diazo-hmmo-napl thalenc’ 
salts by boiling with alcolml (Bother, B. 4 851; 
Stallard, C. J. 49, 188).~3. From Hg(C,„lI,), 
and Br (Otto, A. 117, 17.5). 

Properties. — Liquid, insol. water, miscible 
with alcohol, ether, and benzene. 

Beactions.—l. CrOj gives phthalic acid 
(Beilstein a. Kurbatow, C. C. 1881, 359).— 2. A 
. solution in CS, gently heated with Al,Cl, gives 
kv/Nmr..n,^i3ifbn1p.nP ftS the chicf nroduct. to- 


gether with di-bromo-uaphthalcnes, and naph- 
thalene (Roux, BL [ 2 ] 45, 510). — 3. Toluene in 
presence of ALCl# forins bromo-toluene and 
naphthalene (Roux). — 4.* Reduced by sodkm- 
amalgam to naphthalene. — 5. Cl.CO. 3 Et and Na 
give naphthoic acid. ** 

Picric acid compound 
C,„lIBrC,IL(NO.,)30ri. [135 ]. Yellow needles 
(Wiciiclhans, B. 2, 305 ; B.). 

Birkloridc C,uU;BrC1.2: [165°]; tal)les. 

(j3)-BL-omo-naphthaieuo C,„1I Br [2J. [59°J. 

(282 cor.). S. (92 p. c. alcohol) 6 at 20 ’. 

Formation. \. By heating (j3)-dia/,o-naph- 
thalonc with a large excess of illlr (Gasiorowski 
a. Wayss, B. 18, I'.Gl ; j/. Liebevuuinn, A. 183, 
26.S). 2. By runniTig a B'olution of (O)-diazo- 

naphthalene bromide into a hot solution of 
cuprous bromide; the yi(4d is 30 p.c. of theo- 
retical (Lellm;inii a. Remy, B. 19, Hll).- 3. 
From (/l)-naj)hthol and Pllr-, (P>runel, JJ. 17, 
1179). — 1. From (a)-bromo-niiphtluileiio and 
ALC1« (Roux. BL [2] 45, 513). 

Properties. — Trinietric scales, v. sol. CS.,, 
CIICI3, benzene, and ether. 

Picric acid compound 
C,olT,BrC«H,(NO.,)30H. [79 ’] (R.); [80°J (B.) ; 
S. (alcoliol of 92 p.c.) 6 at 20° (It.). 

Di-bromo-naphthalono C,„ll,.ih'..- [61°]. 

Formed in small quantity by brojuinating naph- 
thalene (.Jolin, Bl. [2j 28, 511 ; not observed by 
otlicr.s). 

0 Di-bromo-naphtbalene C,„H„l}r3 [1:2]. [03°]. 
From (1, 2)-bronio-((8)-naplitliylamiiH: by the 
diazo-perbromide reaction (Meldola, (J. J. 43, 5). 
ObliqiKj rhombic prisms (from al(U)hol, acetone 
or petroleum). 

w-Di-bromo-naphthalene CmTI,iBr._, [1:3], 
[64°J. From di-bromo-(tt)-nai)hthylamine, [119°] 
by removal of Nll._. (Meldola, C. J. 43, 2). 
Needlc.s. 

Di-broiuo-napbthaleae C,„lljlr2 [2:3]? 
[c. 68°J. Formed, lugetlior with two isomcridcs, 
[8l°J ar l[J3v)'] by tiie action of Br (2 mols.) 
on napbtluilene (1 mol.) (Guan.'selii, (!. 7, 24). 
Also from bromO'(i3)-nu])lilhol and Pl>r.,(Canzo- 
iieri, G. 12, 425). l’ri.snis (from alcohol). 

(a^')-Di-bromo-naplithaleneC,„J l„15r 1 i :2'or3']. 
[7 P’]. From (4, 2'or 3’, 2)-di-bromo-naphthyl- 
aminc by diazo- reaction (Miibbda, C. J. 47, 

513) . Bilvery scale.s (from dilute aloolicl). 

tj-Di-bromo-naphthalene C,,|ll,Br.^ [l:.rj. [77°]. 

Formed, together with the louim i ide i )-’'' ], by 
brominating nai)h’]uileno (tt)-‘u)piu)iiic acid 
(UarmsLddter a. Wichelliau.s, A. 152, 301). 

I (i8)-Di-bronio-naphthaiene CjJl.Br.^ [1:4], 
j [82 G- (310 ’). B. (93-5 per Cfait. iileohol) 1-33 
■ at 11-4° ; 0 at 56° (Guarc..clii, .1. 222, 269). 

I Formation. —1. The clii'.f product of the 
! action of bromine (2 mols.) on nuph'ihalene 
(Giaser, ^l. 135, 40).--2. By di.stilling (ci)-bromo- 
naidithalenc suluh -nic acid or nilio (ci)-bromo- 
napbthalonc [85 j 'vilh J’'Br, (John, P>1. [2] 28, 

514) . - 3. From act lyl-(a)-miplil liyhiiMiiic bybro- 
minating, saponifying, and treating tlie resulting 
C,„liBr(NH.J by the diazo- leaclioii (Meldola, 
C’.V.''43, 4). 

Properties. — I^ong needles. Oxidised bj 
UNO;, to di-bromo-phtlialic and bromo-nitro 
phtiialic acids and bromo-nitro-napbthalcue 
CrOa in acetic acid gives di-bromo-naplitho 
i quinone and di-bromo-phthalide. iteacla will 
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BHGMO-NAPHTIIALENE. 


Br fonning C,oH.Br, [173®] (Guareschi, G, 16, 
141). 

Constitution, — This follows from the oxida- 
tion to di-bromo-phthalic acid, coupled with the 
observation that the bromo-(a)-naphth}lamine 
from which it may be formed (v. supra) j^ives 
(a)-bromo-naphthalene by the diazo- reaction. 

(7) Di-bromo-naphthaleno 
C.oH^Br. [l:l'or4']. [131° cor.J. (326°). S. 

(93-5 p.c. alcohol) 2 at 56°. ^ » 

Formation. — 1. By brommating naphthalene 
(G. ; Magatti, Q. 11, 357). — 2. From diazo- 
bromo-naphthalene (from bromo-naphthylamine 
[64°J) by adding bromine-water and 'warming the 
pp. with HOAv.— 3. The chief product of tlie 
action of Br on naphthalene (a)-sulphonic acid 
(Darmstiidter a. Wicliclhaus, A. 152, 303).— 4. By 
the action of PBr* on (a)-di-nitro -naphthalene 
or bromo-naphthalene (a)-sulphonic acid (J.). 

Properties.’- Tables. UNO., gives bromo- 
nitro-phthalic acid. CrOj in HOAc gives brcino- 
phthalic acid [176 ’]. Does not form a telra- 
bromide with Br. 

S-Di-bromo-naphthalene CiJI^-Br^. [111®J. 
Fiom naphthalene (a)-3ulphonic acid and rBr^ 
(J.). Thin plates. 

e-Di-bromo-naphthalene C,„HgBr.,. [160°]. 
From (a)-bromo-naphthalene sulphonic acid and 
PBr, (J.). 

Di-bronio-uaphthalene tetra-chloride 
C,,JT,Br.^Cl^. [156°]. From di - brominated 
naphthalene (? [82°]) and Cl (Baurent). 

Bi-bromo -naphthalene tetra-bromide 
C^JI.illr,;. A mixture of three bodies of this 
composition, [c. 100°] [120°] and [173°] is formed 
from naphthalene and Br (G.). 

Tri-bromo-naphthalene C,„Hj,Br3. [75°]. 
Formed by brominating naphthalene, or by heat- 
ing di-bromo-naphthaleno tetra-bromide with 
alcoliolic KOII (Laurent, A. Ch. [2] 59, 196; 
Glaser, A. 135, 43). Needles (from alcohol). 

Tri-bromo-naphthalene GjJl.Brf [1:4:1']. 
[85°]. From di-bromo-nitro-naphthaleno [117°] 
and BBr^ (Joliu). Needles. 

Tri-bromo-naphthalene CiuTI^Br, [87°J, 
From di-bromo-napli‘tlialene (;8)-sulphonic acid 
and ri3r, (J.). Needles. 

Tri-bromo-naphthalone C,„Tf.Br3 [l:3:l'or4']. 
[105°J, From (3, For 4', l)-di-bromo-naphthyl- 
aiwui^l02°] by dh’zo- reaction (Meldola, C, J, 
47751?Jf. 

Tri-bromo-nVphtbalene CjoILBrg [l:3:2'or3']. 
[110°]. From (1, 2' or 3', 3)-di-bromo-naphtliyl- 
11 mine by the diazo- reaction. Needles (from 
alcohol) (Meldola, C. J. 47, 513). 

Tri-bromo-naphthalene ^ C,„n,,Br3 [1:2:4]. 
[Ill ]. From C,„H3(NH '‘Br2 [1:2:4] by diazo- 
roaction (Meldola, C. J. 43, 4). Formed also by 
heating C,oH3(NH2)(N().,)Br [1:2:4] with cone. 
HBrAq and glacial IBOAc at 130° (Pragor, B. 
18, 2163). White needles (from dilute 
Dilute IINO3 at 180° gives phthalic acid. 

Tetra-bromo-naphthalene C,oH^Br, [1:4:2':3']. 
[175°]. S. (95 p.c. alcohol) *5 at 78°. From 
di-bromo-naphtlialenc tetrabromide [173°] and 
NaOKt (Guareschi, G. 16, 141). Needles (from 
alcohol) or plates (by sublimation). CrOj in 
HOAc gives di-bromo-phthalide [188°] and 
letra-bromo-(a)-naphthoquinone [224°]. 


I Tetra-bromo-naphthalene [120®] 

! From di-bromo-naphthalene tetrabromide [100°] 
and NaOEt (Gu.). Needles (from alcohol). 

Tetra-bromo-naphthalene tetra-bromide 
C,oH,Br„. [173°]. Frora(l,4)-di-bromo-naphthal- 
ene and Br (Gu.). 

Ponta-bromo-naphthalene CjoHaBr,,. From 
C,„H,Br, and Br at 150° (Glaser). Granules, 
insol. alcohol. 

Hexa-bromo-naphthalene C,oTI..Br„. [252°]. 
From naphthalene, Br, and I at 400° (Qessner, 

B. 9, 1505). Also from naphthalene (20 g.), 
AlGlg (15 g.) and Br (300 g.) (lloux, Bl. [2] 45, 
515). Needles ; easily sublimed. Does not 
combine with picric aeid. 

BROMO-NAPHTHALENE DI-CARBOXYLIC 
ACID i.c. C,oH,Br(CO.,ll),.. [210°]. 

From bromo-acenaphthene and CrO., (Blumen- 
tlial, B. 7, 1095). Needles (from benzene). Con- 
verted by NII3 into the imide C,„HJ3r(CO).NH 
[above 265°]. 

BROMO-NAPHTHALENE-(0)- SDLPHINIC 
ACID C,oHJ3rSO.JT. From naphthalene (iS)- 
sulphinic acid and Br (Gessner, li. 9, 1503). 

(a). BROMO-NAPHTHALENE SULPHONIC 
ACID C,„H.,Br(SO,JT)[l:4]. [139°]. Formed by 
sulphonating (a)-bromo-iiaphthalcnc (Laurent, 
Goynpt, chim. 1849, 392 ; Darmstiidter a. 
Wichclhaiis, A. 152, 303 ; Otto, A. 147, 184). 
Flat needles. Oxidised by KMnO., to phthalic 
acid (Meldola, B. 12, 1964). Potash-fusion 
gives no bromo-naphtliol (M.). Br gives chiefly 

C. JlJir. [82°]. — CaA'a 3aq. — BaA', 2aq. — 
PbA'.3 IJaq. 

C /iZorid 6 C,olI,Br(S02Cl). [87°]. (John, BZ. 
28, 516). In its preparation there is also formed 
C,oll..Cl(S().Br) [116 '] (Gessner, B. 9, 1504). 

Bromide 0„>H,.Br(SO.,Br) [ll.5°] (J.). 

.4muZeC,„H,Br(SO.,Nir,) [190°] (J.); [105°] 

Bromo-naphthalene (a) -sulphonic acid 
C,„;’^,Br(80;,]f). [104°]. Formed by bromina- 
ting naplitlialenc (a)-sal|)lu)nio acid (D. a. W.). 
PBr, gives di-bromo uaphthalono [131 — KA'. 

Chloride C,J l.Br(S() .01) [90 '] (J.). 

Amide C,„H,F.r(S()..Nri,) [205°] (.T.). 

Bromo-naphthalene (jS) -sulphonic acid 

[62°]. Formed by brominating 
naphthalene (j9)-sulphonic acid (D. a. W.). 
Crystalline mass, sol. ether (dillercnce from the 
two preceding acids).— KA'. 

Bromo-naphthalene sulphonic acid 
C,„II„Br(SO:,H). Formed in small quantity in 
pre])aring its isomerido [139°] by sulplionating 
/a)-bromo-iiaplitlialeiie with ILSO4 or ClSOyH 
(Armstrong a. Williamson, C. J. Proc. 1, 234). 

Chloride C,„H,.BrSO.,Cl [151 ]. 

Di-bromo-naphthalene (/3) -sulphonic acid 
C,oHjBr.^(SO.,n). Formed by brominating naph- 
thalene (3) -sulphonic acid (J.). Crystalline. 
PBr, gives tri-bromo-naphthalene [87°J. 

Chloride C),„H,Br..(80..C]) [109°]. 

Amide C,oH,Br,(S6.,Nll.,) [238°]. 

Di-bromo-naphthalene sulphonic acid 
0,oH^Br2(S03n). Got by sulphonating di- 
bromo-naphthalene (Laurent, v4. 72, 299).— KA\ 
-BaA'... 

BdOMO-NAPHTHALIC ACID v. Buomo-oxt- 

(o)-NAl'UTIIOQUINONK. 

BROMO-(a)-NAPHTHOIC ACID 
C„K,BrOa t.e. Cj^H.Dr.COaH [1:4'J. [246°] (Ek- 



BROMO-NAPIITIlOQUINONK 


•trand, J3. 19, 1135). Produced from its nitrile 
or by brominating (o) -naphthoic acid (Hausa- 
rnann, B. 9, 1516). White needles (by subli- 
mation).— KA' laq.— CaA'.. 1 ‘,aq. S. 1'5 at — 
BaA'..3a(i. S. 1-7 at 2V\ - 

Amide C,„n„Br.CONH,; [211°]; Hat nc'dles. 
Nitrile C,„H(;llr.CN. [1^7°]. From (a)- 
naphtho nitrile in CS. and Br. 

Broino-(i3) -naphthoic acid C,„irBr.C() IL 
[250°]. From (^) luiphthoic acid ami Br (11.). 
Needles (by sublimation). KA'2',aq. CaA'.Oaii. 

S. *02 at 20°. BaA'., 3a(i. S. -02:1 at 21°.-AgA'. 
Nitrile C,„lI.Br.CN; [140 '|; dat neodlos. 
Tii-bronio-(ia)-naphthoic acid C,„II,Br.,.CO 11. 
[270°]. From ()3)-naphthoic acid (I mol.), Br 
(3 mols.), and I at 350°. Needles (by sublima- 
tion). BaA'. (TI.). 

Tetra-bromo - (a) -naphthoic a "id 
C,„H.,Br,.CO ,11. [230°]. From (a)-naphtlu)ic 

acid (1 mol.) and Br (4^ mols.) at 350' (It.). 
Granules (from alcohol) or needles (by sublima- 
tion). — BaA'^. 

Tetra-broin 0 - (/I) -naphthoic acid 
C,<,H.,Br,.CO.dI. [260°]. Preparation and proper- 
ties similar to those of the preceding acid (11.). 

BROMo - (a) -N APHTHOL. Ethyl eth e r 
C,on„lh’[()Et). [18[1. From ethyl bromo-(a)- 

naphthol and Br (Marchetti, G. N. 40, 87). 
Prisms, v. sol. ether. 

Bromo-(/l)-naphthol C,„H,Bi(OIT) [.3;21 ?. 
[84°]. Prepared by acbling Br in glacial jujelic 
acid slowly to iiaphtliol in glacial acetic acid 
(A, J. tSmitli, C. J. 35, 780). Needles. Hoi. 
alcohol, ctlior, light petroleum and benzene. At 
130° it begins to di!Compose, giving off IIBr. 
Oxidised by alkaline KMn 04 to pbtlialic acid. 
PBr, gives di-bromo-iuiphtlialene [68 J and (/!)- 
bronio-naphtbaleno (Can/.unori, G. 12, 421). 

Acetyl d erivativG CiyH^Br(OAc). (215'^) 
at 20 min. (C.). 

Nitroso> derivative C,glI,(NO)Br(OIl). 
[65°]: greem needles. 

Di-bromo-(a)-naphthol Cj„H.Br.,(OII) [1:3:4]. 
[100°] (Fittig, .1. 227, 241). Fornie.l by bromi- 
nating (a)-iui])hthol in IK) Ac (IJiederniann, B. 6, 
1110) and in small quantity from di-bromo-(a)- 
naphtliylamine by the diazo- reaction (Meldola, 
G. J. 45, 161). Long needles (from alcohol). 
Powerful o.xidising agent. 

Ileaciions. -1. KMnO, gives phthalic acid.— 

2. Alcoholic KOH gives tri-oxy-naplithalene. — 

3. Combines with aniline forming a white crys- 
talline salt. If this is lieateil for 10 mimil(!S j 
at 200°, and then allowed to cool, crystals of 

C,„H^(NPhn)<^^^ or (/3) -naphthoquinone di- 

anilido (</. v.)arc got (Meldola, C. J. 45, 156). — 

4. p-lhlnidiue forms the corresponding (/l)-nai)h- 
thoquinono di-toliiide {q.v.).—5.^ {fi)-naj>]illiiil- 
amine forms the corresjionding ()8) -naphtho- 
quinone di-naphthalide {q. v.). 

Tetra-broino.(/3).iii^phthol(j,„HyBr40IL[15C’].* 
Prepared by adding excess of bromine 4o (/))- 
naphthol dissolved in glacial acetic acid (.V. J. 
Smith, C. J. 35, 791). White needles (from 
glacial acetic acid). Sol. CS,, benzene and 1 
alkalis. Oxidised by KAlnO, andEOH to bromo- 
phthalic acid (anhydride [125°]). Honco it is 
CJIBr,(C,H.JirOH). 

Penta-b romo - (a) -naphthol C, „H.Br .,.01I 
[2:4:P:3':4':1]* [239°]. i’ormed by bromination ’ 


of (a).naphthol in presence of Al...Br„. Slender 
felted needles. Sh sol. benzene, xylene, and cu- 
mene, nearly insol. alcohol and ether. Dissolves 
in alkalis. By dilute UNO., at 100° it is oxidised 
to tetra-bromo-(a)-naphthoquinonn [265°] ; at 
150° it is oxidised to di-bromo-jditinilic acid 
[2(M> ’]. — C,„lI.dlr,.ONa : long easily solublo 
net'dles. ' C,„]I,Br,.Olv: small eolourle s noediea 
(Blumlein, B, 17, 2185). 

Peuta - bromo - (jS)- naphthol C,„l Id>r,(OTI). 
[2:47°J. Formed hy'brominatioo of (6)-iuipbtbol 
in presence of Al.dh\j. White in'edle Insol. 
alcohol, si. sol. benzt'oe. It i:' oxitlisiul by UNO, 
to tel i;i.bromo-(6)-napblhoquiiiouc : on further 
oxiilation it yields tri-broti\o i>lilbnlie acid 
0,„Il,Br (ONa): long white silkv m iidles (L’lessa, 
li. 17', 1179). 

Bromo- ffl) -naphthol (a)-sulphonic acid 
C,„n,lh-(Ori)SO,il. [3:2:1J? _ 

Halts, — .Formed by adding the calcnlabd 
quanlily of bromine to saturat('d solutions oi 
the salts of (/l)-naiditlml (a)-sulphoiiio acid 
(Armstrong a. Grabam, G. J. 39, 137).— IvA'. 
H. *4 at 15°. Boiling llNOj forms phthalic acid. 
— CaA'., ;ruq. 

BROMO- («) -NAPHTHOQUINONE 

Anilide C,„Il,Br(NlIC,}J.)0,. [166°]. 

Formed by tlic action (»f aniline on bromo-oxy- 
(tt)-naphthoquinonc [197°] in acetic acid solution, 
lied prisms. Sol. hot alcohol and hot acetic 
acid. By cold aqueous NaOH it is split up into 
its constituents (Baltzer, Ji. 14, 1902). 

An isomeric anilide C,„l[,Bi(NPhir)0, 
[2:3:1:1] [194°] is formed by boiling di bromo- 
(a). naphthoquinone [218 '] with an alcoholic solu- 
tion of aniline. It is converted by KOI! into 
bromo-oxy-(a)-naphthoquinoncl202 '] (Miller, /.>7. 
[2] 43, 125). 

}}-Bro mo-anilide C , J I , B r ( M 1 1( [,il ,Br) IL. 
[2 10 ]. Prepared by bromination of (u)-naplitho- 
quinone-anilidc, or by boiling a mixture of p- 
broino-anilin and bromo-oxy (a)-naphtboquin- 
otiewith acetic acid, lied needles. Hoi. bcii/.ene, 
si. sol. alcohol. By alcoholic IT.HO^it is decom- 
posed into bromo-oxy-(«)-napbtboquinon 0 and^- 
bromo-aniline (Baltzer, B. 14, 1901). 

Bromo- (i3) -naphthoquinone 

[178°]. Obtained by bromination of (fl) -naphtho- 
quinone in acetic acid, lied needles or prismatic 
crystals. M. sol. warm alcOliol, benze^'"., ■.'ind 
acetic a«d. Sublimable. Dissolves in dilute 
caustic alkalis with a brownish red colour, form- 
ing bromo - oxy - (a) - naph thoquinono [196°J 
(/dneke, B. 10, 2495). 

Di-bromo - (a)- naphthoquinone GiuII^BrjjO./. 
[151°]. S. (alcohol) -98 at 13 ’. Fornuid by tbo 
action of Br (7 pts.) and I (2 pts.) on (aj- 
naphthol (1 pt.) in presence of water (Diehl a. 
Merz, B. 11, 1065). Yellow needles; may l):d 
sublimed. Alkalis froi* IIBr and bromo-oxy- 
iuiphtln)quinone. 

Di - bromo - naphthoquinone C.JI^Br.^^* 
[171°- 173°] [1:4:1':4']? S. (95 p.c. alcohol) *31 
at 16°. From di-bromo-naiditlialene [82° j, 
CrO, and glacial acetic acid (Guai‘e.schi, A, 222, 
279). Yellow needles (from alcoliol). In»(d. 
water. Cannot be sublimed. Volatile with 
steam. CrOj does not oxidise it to di-bromo- 
phthalide. 
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BROHO-NkPHTJtOQTJINONE. 


Di-l)roiiio-(i9)-iiap1it1i04tdnone CjoH^BrsO^ 
{1:2:3;4]. [174°]. Obtained by the action of 

bromine upon bromo-(i3)-naphthoquinone in hot 
acetic acid, or better upon (a).amido-(^)-naphthol 
or its sulphate. Thick red plates or tables. SI. 
sol. alcohol and ether (Zincke, B. iq, 21!K)). 

Di-bromo-naphthoquinoneC,JI,l>rJ).,. [218°]. 
From (a) naphthoquinone, Br, and I (Miller, BL 
[2] 38, 138). Prisms. Converted by KOII into 
bronio-oxy-naphthoquinone ,[200°]. 

Anilide [11M°J. 

Tetra-bromo-(a) -naphthoquinone CjoH JBr ,0.. 
[2G.5°]. Yellowplates. SI. sol. alcohol. Formed 
by oxidatioTi of ponta-bromo-(a)-n:iphthol with 
dilute UNO;, fit 100°.^ By farther oxidation at 
160° it yields di-bromo-phthalic acid [20C°] 
(Bliimloin. B. 17, 2188). 

Tetra-bronio-[a]-naphthoquinone C,oTI ,Br,0. 
[r:4':2:3:l:l]. (22i°]. Formed by oxidising tetra- 
bromo - naphthalene [17:i°j. Orange - yellow 
prisms, v. sol. hot water (Guareschi, (i. IG, 110). 

Tetra-bromo-(j8)-naphthoquinune C,„TIJlr,().„ 
[164°]. Bed granular crystals. SI. sol. alcohoL 

Formed by oxi(l:itionofpenta-bromo-(/3)-naphthol 

with dilute IINOa. By further oxidation it is 
converted into tri-bromo-phthalic acid (Flessa, 
B. 17, 1481). 

BROMO-NAPHTHOSTYRIL v. Inner anhy- 
dride of Ih{OMO-.\MlI)0 NAIUITIIOIC ACID. 

DI-BR0M0-(aa).DINAPHTHYL C.,„TI,.,Br.,. 
[215°]. From di-naphthyl and bromine-vapour 
(Lossen, .-1. 114, 77). Monoclinie prisms; v. si. 
sol. alcohol. 

Hexa-br"mo-(aa) -dinaphthyl C2„H(jBrg. Besin. 

Hepta-bro aio- (j8/3) -dinaphthyl 0 .gll, Br .. 

Ainoridious (Smith a. Poynting, 0. J. 27, 851). 

BKOMO-NAPHTHYL AMINE C,„II,Br(NH,). 
By reduction of bromo-nitro-naphthalone [85-’] 
of John, itself got from (a)-bromo-naphtlialeno 
by nitration. An oil. May be distilled with 
steam. Fe.^Cl,. gives a violet colour in its aqueous 
solution. Reduces AgNOa (Guai;eschi, A. 222. 
209). P( ssibly identical with Bothei*’.? (I, 4)- 
bromo-naplitliylamino [04°]. 

';a-Bromo-(a)-uaphthylamine C,oH J5r(X f f J 
[H:l]. [G2°]. From the nitro- compouml, zinc- 

dust, and IlOAc (Mcldola, C. J. 47, 509). Needles 
(from dilute alcohol). 

Acetyl derivative C,on,iBr(NHAc) [187°]: 
needles. 

_ o-B romo-r B Vng ^hthylamine C,oHg(Br)NH2 
[1:5] .^'[63°]. Got by saponilication of the acetyl 
derivative obtluned by bi'orninaKon of acetyl 
(/3)-naplithylam no [131°]. Small white needles. 
Volatile with steam. It is a neutral body. Dilute 
HNO3 gives phthalic^acid (Meldola, C. J. 43, 0). 
When Nir^ is displaced by H (a)-bromo-napii- 
thalene results (M,). 

Acetyl derivative C,„HgBr.NII(Ac) 
[135°j. Needles (Cosiner, B. 14, 50). 

Bromo-(a)-naphthYlaniine C,„II,iBr(NIT..) 
[1 : 1' or 4']. [G4°]. Vroni bromo-nilro-najdi-’ 

thalene [122-6°] (Guareschi, A. 222, 207). Volatile 
with steam. Plates (from boiling water). May 
bo sublimed. KMnO, forms c-bromo-phtlialic 
acid [165°-172°].-B'HC1. 

Mt-Bronio-(j9)-naphthylamine C,„TI,Br(NIl2) 
[1:3]. [72°]. From Liebermann’s bromo-nilro- 

naplithalene by reduction (^leldola, C. J. 47, 
500). Converted into (1, 3)-tti-bromo-uaphthal- 
6U0 by the diazo- reaction. 


Acetyl derivative C|oTIrtBr(NHAo). 
[187°] : needles. 

2)-Bromo-(a)-naphthyiamine 0,ABr{NH,) 
[1:4]. [94°]. From its acetyl derivative and 

KOH (Bother, B. 4, 850 ; Meldola, B. 12, 1961). 
Needles. On oxidation it gives plithalio acid. 
By diazo- reaction it gives (a)-bromo-naphtha- 
lene. Br gives di-bromo-naphthylamino [119°J. 

Acetyl derivative G,„H jBr.NHAo. [192°]. 
Prepared by slowly adding IlCl to a solution of 
bromine in NaOH in which is suspended acetyl- 
(a)-nap]ithylamine. White needles (Prager, B, 
18, 2159). 

Di-brorao-(a)-naphthylamine C,,JT.Br2(NII.2) 
[3:2'or3':l] ? [102 'J. From its acetyl deriva- 

tive. Needles ; sol. boiling dilute acids. Re- 
moval of NII2 gives di-bromo- naphthalene 
[74°] (? [1:1']). 

Acetyl derivative C,„TI Br2(NITAc) 

221°]. From acetyl-(3, ll-bromo-naplilhylamine 
and Br (Aleldola, C. J. 47, 514). 

Di-bromo - (tt) -naphthylamine 
C,„TI,Br,.(NH,) [l':3:l]. [105°]. From its acetyl 
derivative. Needles. Oxidised by dilute UNO, 
to c-bromo-phthalic acid [174°]. Converted into 
di-brorno-iuiphthaleno [74°] by diazo- reaction. 

Acetyl derivative C,gll,Br2(Nl:rAc). 

[222°]. From bromo-naphthylamino [G2-’] by 
acetylation and bromination (Meldola, G. J. 47, 
512 ; O. J. Broc. 1, 173). 

Dibromo-(o) -naphthylamine 
C,JT.Br.,(NII..) [1:3:4]. [119°]. From the acetyl 
derivative by hot aqueous KOII. Needles ; 
docs not combine with acids. Oxidation gives 
phthalic acid ; the diazo- reaction gives (1,3)- 
d i -b r 0 mo - n apl 1 th a 1 e n e . 

A c e t // 1 d e r i native C, „1I Jir.J Nil Ac). 
[225 Formed by bromination of acetyl-(a)- 
naphtliyl.imiiie (Meldola, B. 12, lOIll). 

Li-bromo-(/':l) -naphthylamine C,„l I .l.lr2(NH2) 
[121°]. Long colourless needles. Formed by 
Iluo action of bromine in acetic acid solution 
upon (j8)-naphtTialene-a.zo-(i3) 11:11)11111^1 amine. 

Acetyl derivative'. (208°J (l^awson, J3. 
18,2121). 

Tetra-bromo-naphthylamine 

Acetyl derivative C|„n,Br,NllAc. [138°]. 
Formed by brominating ac('tyl-(l,2)-bromo-(i3)- 
naplitliylamino in acetic acid solution (Me,ldo1a, 
C. J. 43, 8). Minute needles (from alcoliol). 
Could not be saponified. 

BROMO-NAPHTHALENE-DIAMINE. 

Acetyl derivative C,„ll Jir(NlI..)(NlIAc) 
;.[2:4:11 [c. 222°]. From bromo-nitro-acetnaph- 
thalide. Is not basic (Meldola, C. «/. 47, 499). 

Di-bromo-(l : l'or4')-naphthylone-diamine 
C,gH;,Br(NIT.j2. From naphthyleno- diamino 
hydrochloride (from (a)-di - nitro - naph ihalene) 
and bromine-water (Hollemaiin, Z. 1865, 550). 

DI-BR0M'0-(a)-DINA?HTHYLEN£-OXIDE 
C,nll,„Br,0. [287°]. Light-yellow crystals. SI. 
sol. benzene anu acetic acid. Pj-epared by Iho 
actiwi of Br on a CH.^ solution of (a)-dinapbthyl' 
eno-oxide (Kiiccht a. Unzeitig, B. 13, 1725). 

Di-bromo-(/i)-dinaphthylcne-oxide 
CjjoHjoBrjO. [247°]. Yellow needles. Prepared 
by the action of bromine on a CSj solution of 
(i8)-dinaphtliylene-oxide (K. a. U.). 

DI-BROMO-DI-NAPHTHYL-M ETHANE 
CoglljiBrj. [193°]. From di-naphthyl-methau« 
anu Br (Grabowski, B. 7, 1C05). Needles (from 
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bhomo-nitbo-aniline. 


aloobol-benzene) \ not affected by boiling alod- 
ft] olio KOH. 

BROMO-UICOTINE v . Nicotine. 

BBOMO-o^NlTRO-ACETOPHENONE 

'fl,H,BrNO,i.e. [2:1] CHH,(NO,).CO.CH,Br. [Sfi®]. 
By brominatioii of C^H^fNO.J.CO.Mo (Govckoht, 

A, 221, fV27). Nccdlo*? (from bonzolinc). 

Bromo-m-nitro-acetophenone 
[3:l]0«H,(NO,).C().CH,Br. N itro- phenyl hr omn- 
methyl ketone. [Ob'^J. Forinecl by nitratiii;' 
(broino -ace.to))]ieMonfc!. Noodles (from dilute ; 
alcohol); v. s). sol. ether. OKidatioii f^iv’os m- i 
nitro-benzoic acid (Hurmius, B. 10, 2008). i 

Di-broino-omitro-acetophenone 
‘C,n,(NO,).CO.Cimr,. [HG"]. Prepared like the 
above (G.). Attacks the eyes. Prisms (from 
benzoline). 

w-Di-bromoni-nitro-acetophenone 
€,H ,(NO,).CO.C 11 Hr,. m-Nitro^phenyl di-hromo- 
methyl ketone. [50°]. Formed by careful nitra- 
tion of w-di-bromo-acetophnnone ; or by further 
bromination of w bromo-wi-nitro-aeetophonone. 
Yellowish tables. V. sol. most solvents (Engler 
a. Hassenkamp, B. 18, 2210). 

BROMO-NITRO-o-AMIDO-BENZOIC ACID 
C,H,Br(NO,,)(Nff,)CO,TI [1:2?:4:5]. [272^]. 

Formed by treating nitro-isatoio acid at 100° 
with bromine dissolved in glacial acetic acid 
(Uorsoh, J.])r. [2] OG, 40). Long yellow needles. 
Sol. hot water, acetone, alcohol, glacial acetic 
acid and ether. Insol. chloroform and benzene. 

Di-bromo-nitro-o-amido-benzoic acid 
€,HHr2(N(),)(Nlf,)CO,TT. [c. 20:3°j. From nitro- 
isatoic acid and bromine in glacial acetic acid j 
at lOO'^ (TL). Plates. Sol. acetone, alcohol and : 
glacial acetic acid, less sol. b<m/.(‘ne, chloroform, 
and ether, insol. water. 

Tri-bromo-nitro-o-amido-benzoic acid 
€aBr3(NO,)(Nll,)(CO,ll). [10G°J. From nitro- 
isatoic acid and bromine (D.). Needles (p])d. by 
adding water to its solution in acetone). V. sol. 
acetone, alcoliol, ether, glacial acetic acid.cV'oro- 
iorm and benzene. 

(8;o:4;l) - BKOMO-NITRO-AMIDO-PHENYL- 
ACETIC ACID C,H,(Hr)(NO,)(NH,).ClL.CO,ir 
[13:5:4:1]. [192°]. Prepared by sainmiflcation of 
the acetyl derivative of (:3:5:4:l).broino-nitro- 
ambdo-henzyl cyanide (Gabriel, B. 15, 1994). 
liOng yellow needles. Sol. hot alcohol, ether and 
acetic acid, si. sol. cold water, bfmzeiie, and 
chloroform. 

Id t/7* 1 0 

C„H,(Br)(NO,)(NH,).Cn,CN[3:5:4:l]. Bromo- 
nitro-aniido-benzyl cyanide. Acetyl derlrative,: 
[191°]. Formed by nitration of t'.jc ...cetyl deri- 
vative of (3:4:1) bromo-anudo-]>henyl-aceto- ; 
nitrile (Gabriel, B. 15, 1992). Slender yellow ' 
needles, sol. alcohol and acetic acid, si. sol. cold 
water, v. si. sol. ether and CS,,. ^ 

BROMO-NITRO -ANILINE 
C„H3Br(NO..)(NJI,) [1:3:G]. [101°]. Formed by 

heating CalI,Br.,(NO.) [59* with alcoholic 
NH, at 190° (Korner, G. 4, 371). tfcllow 
needles ; gives ?a-bromo-nitro-bcnzcne by diazo- 
reaction. I3r forms di-bromo-p-nitro anilino 
.{‘203°]. 

Benzoyl derivative C,iH,B ■(NO.,)(NHBz). 
[160°]. From benzoyl-jj-nitro-aniline and Br 
(Johnson, B. 10, 1709). 

Bromo-aitro-aiiiline OrtH.J3r(NO.,)(NH.,) [1:3:4], 
[111^]. S. *014 at 20^ ; S. (alcohol) 10-4. 


Formation^ — 1. From nitro-p-di-bromo-benz*- 
ene and alcoholic NH3 at 1G5° (K. ; Meyer a. 
Wurster, A. 171, 59). — 2. By nitrating p-bromo 
aniline in glacial HOAc (Ililbner, A. 209, 357)* 
3. By the action of alcoholic NIT., on the methyl 
derivative of (l,3,4)-l)romo-nitro-phenol. 

Properties. — Ormigo needli's ; may be sub- 
limed ; scarcely basic. Converted by diazo- re- 
action into wi-brouio-nitro-beiizi-ne [50 ’]. 

*Acefyl derivative C„l 1 ,Br(NO,)(NnAo). 
[103°]. F*ormed by nitrating acetyl-p-bromo- 
aiiiline (TI.). Ammonia and zinc-dust reduce 
it to C„ir.Br(NTI.\c).N,.C.]I.,Br(NllAc) 12H2-] 

[ (Matthiesseii a. Mixter, Am. 8, 317). 

1 Benzoyl derivative C,;II,Br(XO.,)(NIIBz). 

I [138°j. Formed by nitrating ijeii/oyl-jj-bromo- 
aniline or brominating ben/o} l-n-iiitro-aniliiio 
(Meineekc, B. 8, 5G I ; Johnson, Ji. 10, 1710). 

Bromo -nitro -aniline 

CJT,Br(NO.,)(N}L) [1:2:4]. [132 ]. Formed by 

nitr.itioii of p-bromaniline dissolved in 10 pts. 

! of lE.SO,. Flat plates. V. sol. alcohol, ether, 

I acidic acid, and chloroform, v. sol. water. By 
■ further bromiual ion it yield-S tri-biomo-nitrani- 
line [103 ’] (NGlting a. Collin, B. 17, 2GG). 

Bronio-nitro-aniline 

C,H,Br(NO,)(Nn,,) [1:1:5]. [151°]. Formed by 

I the aidion of alcoholic Nil, upon (l,5,l)-di- 
! bromo-iiitro-beiizeiie [G2°] or on (l,4,5)-bromo- 
' cli-iiitro-lxmznie [5(.» ’] (K.; Wurster, /?. G, 1542). 
i Orang*' needles. Gives by diazo- reaction p-bromo- 
j nitro-bonzeiie. Is not basic. Dilute! UNO,, (S.G. 

I 1-38) slowly forms bromo-ili-nilro-pbenol [81°]. 

Bromo-di-nitro-aniline 

C n,lir(NO,),(Nll,) [l:3:r,:G]. [151 1 (B.) ; [144°] 
(K.). Form<-d by brominating di-nitm-anilinc’ 
(K.), or by b<*ating di-nitro-niethy l-aniline witb 
llOAc ami Br ( Ley in an n, 7:?. 15, 1231). Yellow 
needles. Converted by boiling KOI I into bromo* 
di-nitro-pb(!nol [118 ]. 

Bromo-di-nitro-aniline C,,nd3r(NOj)^(Nn.j). 
[ll*0 -]. From di-bromo-di-nitro' benz('ne [100°] 
and alcoholic NH., at 100° (Austen, B. 9, 919). 
Orange scales. 

Bromo-di-nitro-aniline C, II .Br(N 0 J..,(NH J. 
[178 From di-bromo-di-iiilro-bi!iizeno [117'’] 
and alcoholic NH., (K,). 

Bromo-di-nitro-aniline. Benzmil deri- 
vative C«ILBr(NO,,).,(NHBz) [l:3:5;i|. [221°]. 

Small noedbjs ; formed by nitrating benzoyl 
bromo-nitro-aniline C.il,!). (NO.,)(NJlBz) [1:3 4], 
or benzoyl di-bromo-anilinc (Johnson, B. 10, 
1710). ‘ 

Brorao-di-nitro-aniline. Benzoyl deri- 
vative C,JI,Br(NO.,).,(NfrBz). [19G°J. Formed 
by nitrating benzoyl-p-bromo-anilino (M( inecko, 
B. 8, 5G1), is probably 1 lentical witb the pre- 
I ceding. 

Di-bromo nitro- aniline C,TT Jlr.^(N 0,J (N H^). 
[75°]. Froiiidi-bruiim-di-nitro •benzi'no [159°] ami 
alcoholic NH^ at B»0 ’ (Austen, B. 9, G22). Bed 
needles. ^ 

Di-bromo-o nitro-aniline C H..Br._;(NO.J(Nn .) 
[1:3:5:G]. [127°] (Hentsclud, .h pr. [2] 34, 42G). 

Formation.— 1. Jiy brominating o-nitro-ani- 
linc or (1,3,4) -bromo-nitro-aniline. — 2. By the 
action of alcoliolic NH., on (l,3,4,5).tri-bromo- 
nitro-beiizcne or the methyl ether of (l,3,5,6)-di- 
bromo-nitro-phcnol (K.). 

Properties.— Orange needles. 

Acetyl derivative C*H Jlr.(NOJ(NHAc). 
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[209®]. From acetyl-di-bromo-aniline by nitra- | 
tion. Needles, v. sol. alkalis (Bemmers, B. 
7, 348). 

Benzoyl derivative CJI,T3r5,(NO.j)(NHnz) 
[1:3:5:6] ? [195’^. Formed by brominatiiig 
benzoyl-o-nitro-anilino (Johnson, B, 10, 1710). 
Yollow needles. 

Di-bromo-/).nitro-aniline C,.TI ,Br.,(NO.J(NH..) 
[1:3:5:2]. [207^] (L.) ; [203^] (K.). 

Formation. — 1. By brominatiiig p-nitro-Jlni- 
line or (1 ,3,r))-bromo-nitro-aniliiie.— 2. By the 
action of alcoholic NH., on tri-bromo-nitro-benz- 
enc [112 ’] or the metliyl ether of (l,3,5,2)-di- 
broiiio-Mitro*|ihonol (K.). — 3. From tri-bromo- 
aniline in llOfVc by warming with cone. IINOa 
for a short time (TJOsan^tsch, B. 15, 474). 

Proprrties. — Thin yellow needles. Displace- 
ment of N 11, by II givcstri-bromo-benzenc [112^]. 
Tri-bromo-nitro -uniline C,iHBr.,(V'10J(NHJ 

t l:3:5:4:(i]. [103'^’]. From 7rt-nitro-anilino and 
iromine-vapoiir (K.), or from (l,2,4)-bromo- 
nitro-aniliiie and Br in llOAc (Nolting a. Collin, 
B. 17, 2()()). Bale greenish-yellow needles in 
fitellato groups ; v. sol. alcohol. Converted by 
diazo- reaction into (l,3,5,4)-tri-bromo-nitro- 
benzcnc. 

Tri-bromo-nitro-anilino CttHBr3(NO.J(NH,) 
fl:3:5:4:()] ? [215°]. From its acetyl (Icriva- 

tive (llommers, B. 7, 351). Flat yellow needles ; 
si. sol. alcohol. This body miglit be expected to 
be identical with the preceding. 

Acetyl derivative C,.HBr,(NO,)(NnAc). 
[232°]. From acotyl-(l,3,5,())-tri-bromo-anilino 
(U.). Needles. 

Di-acetyl derivative CJIBr3(NO.J(NAc...). 
Formed by nitrating di-acetyl-tri-bromo-aniline. 

Tri-bromo-nitro - aniline C,iHBr.,(NO.)(N 11 ,) 
[1:2:3:5;6], flGl°]. From (l,2,4)-bromo-niLro- 
aniliiie [151°] and bromine vapour (K.), Lemon- 
yellow needles (from alcohol). Converted by 
diazo- reaction into (l,2,3,5)-tri-bronio-nitro- 
benzene [112°]. . 

BROMO-NITRO-ANTHRAQUINONB 
C,,T[,.(N'^>')(llr)(),. [261° uncor.J. Prepared by ni- 
tration of letra-bronio-anthraccnc. White needles. 
Sublimable. Sol. acetic acid, si. sol. alcohol, 
ether, and chloroform. On reduction it gives 
amido-anthra4uiTione(Clausa.IIertel, B. 14, 980). 

Bromo-di-nitro-anthraquinone j 

C,^H.Br(NO..) J).. [213° uncor,]. Prepared by | 

n^Ji’ation of tri broiird-anthraccno with a Jiiixturc 
of fuming UNO., and fuming ILSOy Yellow 
needles. Sol. ^nzeno, chlbroforiJL, and acetic 
acid, m. sol. alcriol and ether (Claus a. Diern- 
fellner, B. 14, 1333). 

Di-bromo-nitro-anthraqninone 
CnH,Bro(NO..)0.^. [24o° uncor.]. Prepared by 
nitration of tctra-bromo-anthVaccno. Sublimable, 
Fine yellow needles. V. sol. hot acetic acid, 
less in alcohol and ether. On reduction with 
sodium-amalgam it gives ami«lo-anthraquinone. 

Di-bromo-di-nitro-lnthr.aquinone ' 

C,JI,Bra(N (),.). p.. [239° uncor.]. Prepared by 
nitration of tctra-bromo-antliracene witli a 
mixture of fuming and fuming HNO3. 

Needles. Sol. acetic acid, benzene and chloro- 
form, si. sol. alcoliol and ether (C. a. D.). 

Tetra-bromo-di-nitro-anthraquinone 
C„H3(NO,),Br,0,. [105°]. Prepared by nitra- 

tion of dibromo anthracenc-tetrabromide. Sol. 
alcohol, ether, benzene, and acetic acid. Not 


sublimable. On reduction it gives (a)-diamldo- 
anthraquinone (Claus a. Hortel, B. 14, 981). 

jp BAOMl-o-NlTBO-BENZALBOXIM 

[2:4:1] C,H,(NO,)(Br)(CH:NOH) 
[153°]. Prepared by heating o-nitro-p-diazo- 
benzaldoxim with IIBr (Gabriel a. Meyer, B. 
14, 827). Fine needles. Sol. alcohol, ether, 
acetic acid, and liot benzene. 

o-BROMO-NITEO-BENZENE C TI,Br(NO..) 
[1:2J. Mol. w. 202. [U°J (F. a. M.) [43°] (K.j. 
(261° i.V.). Formed, togetlier with a much 
larger quantity of the /j-isomerido, by nitrating 
bromo-bonzoric (Iliibner a. Alsborg, A. 156, 316 ; 
Z. [2] 6, 309; Walker a. Ziiicko, B. 5, 111; 

: Fittig a. Mager, B. 7, 1179). Yellow ilcedles, 

' more sol. alcohol tlian the ji-isomeridc. 

I lieactionH. —l. SiiCl . reduces it to o-bromo- 
aniline. — 2. Alcoholic NH, at 190^ gives o-iiitro- 
' aniline (W. a. Z.). — 3. UNO, gives bromo-di- 
nitro-benzeuo [72^]. -1. KON and alcohol at 
i 190°givosG,JI,Br.CN.— 5. Heating with KOHAq 
I gives o-brouio-phonol. 

I 7/t-Bromo-iiitro-benzene CJI,Br(NOJ [1:3] . 

I [56°1. (257° i.V.). 

' Form ition. —1. From 7a-riitro-anilino by the 
diazo- reaction (Gricss, T. 1S61 [3] 712). — 

2. From (1, 3, 4)-biomo-nitro aniline (Wurstor, 
B. 6, 1513; 7, 416). —3. From nitr»-beu/eiiG 
(10 g.), Fo^Cl,; (1 g.), broiiiino (13 g.) in sealed 
tubes for 12 hours at 70“* (Sclieufelen, -4. 231, 
165). The yield is >S0 p.c. of the theoretical. — 

4. By the action of a hot solution of cuprous 
bromide upon 7n-nitro-diazo-l)enzono sulphate 
(from 77t-nitraniline) (Samlmoyer, li. 18, 1495). 

Propertiesi. —Y(A[o\w trimotric plates. Not 
attacked by KOHAq or alcoholic Nil,. 

jp-Bromo- nitre benzene ClI,Br(NO.,) [1:4], 
[126°]. (256° i.V.). 

B'ortnation. — 1. The chief product obtained 
by dissolving bromo-benzene iii fuming IINO3 
(Oouper, v4. 104, 226). - 2. From p-nitro-aniline 
by die diazo- reaction. — 3. From bromo- nitro- 
aniliiic [151°]. -4. From bromo-bonzoae p-siil- 
phonic acid and IINOj (SpiegLdber^% *1. 197,257). 

5. Formed by the aiition of jjrccipitatcJ CmO (1 
mol .) upon p- b ro I uo - d i az 0 - be n / c n ( ! n i tr i to ( I mo 1 . ) 
obtained by adding slowly a solution of 15 g. of 
N.iNO.j in 50 c.c. of water to a mixture of 17 g. of 
p-brorno-aiiirmc, 20 g. HNO^ (I’l), and 50 c.c. of 
water. The yield is small (SandiiKiycr.Ji. 20, 149l>). 

Properties. —Long white needles, si. sol. 
IIOEt. 

licactions, — 1. lloscmbles o-nitro-aiiiliiie in 
zeaoUons 1 and 2. — 2. Alcoholic KCN at 190’ 
gives ra-bromo-bcnzoiiitrile (Uichter, B. 4, 462). 

3. Br at 250° gives p-di-, 7i-tri-, and s-tetra- 
bromo-benzones (Ador a. I'.illiet, J. 1876, 370). 

Bromo-di-nitro benzene C, lI,Br(NO.,).., [1:3:4], 
[59°]. From m-bromo-iiitro-beiizene, HNO., and 
ILSO3 (Korner, J. 1875,332) Monoclinic plates 
(from ethcr-alcohol). Alcoholic NH3 at 180° 
formsC,H,Br(NO,)(NH.) [1:4:3] [151°]. Boiling 
NaOWAq (S.G. Pi35) gives C.iI.Br(NO..)(OH) 
[1:4:3] andalittlc C.ll,Br(NOJ(OH) [l:3:4j (Lail- 
benheimer, B. 11, 1159). 

Bromo-di-nitro-benzene 03H;,Br(NO.J,. [1:2:4], 
[72°]. From bromo-benzene, fuming HNO.„ and 
HBOj in the cold (Kekul6, A. 137, 167 ; Spiegel- 
berg, A. 197, 257). Large yellow prisma. Alco- 
holic NH., forms di-nitro-anilino. KOHAq forma 
di-niiro-phcnol [114°]. Sa and HCl gives a;- 
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phenylene-diamine (Zinoke a. Sintenis^B. 5,791). 
Crystallises with benzene as (0aHjBr(N0j)a)aC^H4 
[65°]. 

Bromo-di-nitro-benzene CBH.,Br(NOa)a- [87°]. 
Di-bromo-di-nitro-benzene [158^] is treated with 
alcoholic NHj at 100° and in the resulting 
CyIL^Br(NO.J.^(NH.) Jiy<lrogen is substituted for 
Nlljf by the diazo- reaction (Austen, B. 8 1183). 
Not allectcd by alcoholic NIL,. 

Di-bromo-nitro-benzene C jl,Br.(NOJ [1:2:1]. 
Mol. w. 281. [59°]. From o-cli-bromo-benzene 

and HNOj (liiese, .1. KJl, 179). Monoclinic 
tables (Groth a, Bodewig, IL 7, 1563). May bo 
reduced to di-broino-uuiliiie [80°]. 

Di-1)roino-nitro.benzene G,.H3Br.(NO._,) [1:3:4]. 
[02°]. Formed by nitrating »«-di-bromo-benz- 
ene (Meyer a. Htubor, A. 105, 170). Triclinic 
prisms (by sublimation, (>. a. B.) ; volatile with 
steam. Converted by alcoholic NH., at 190° 
into (l,4,3)-bromo-nitro-aniline. lieduction 
gives (1,3,4) -di-bromo-aniliiie. Alcoholic KCN 
at 250° gives the nitrile of di-bromo-bcnzoic 
acid [209°] (H.). 

Di-bromo-nitro-benzene CJl.,Br^(NOJ [1:3:2]. 
[83°]. Separates from the aicoholic mother- 
liquors from which the preceding has crystal- 
lised. Prisms or lamitun. Alcoholic NIT., at 
100° gives nitro-7»-phenylcno-diamino (Korner, 
G. 4, 300). 

DL-bromo-nitro-bcnzene C„H3Bro(NO.J [1:4:5]. 
[85°J. From ;j-di-nitro-benzcne by nitration 
(lUohe a. B6raid, A. 133, 51). From ?/t-!)r()mo- 
nitro-benzene (14 g.), Br., (ll-2g.), and FeXl„ 
(4g.) at 80° for 12 hours (Scheufelcn, .4. 231, 
169). Yrdlowish-grcen tablets (from ether- 
alcohol). Alcoholic NH3 at 210° gives (1,3,4)- 
bromo-nitro-aniline. Sn and IICI gives p-di- 
bromo-aniliiie [51°]. Alcoholic KCN gives tho 
nitrile of di-bromo-benzoic acid [152°]. 

Di-bromo-nitro-benzene CJl3Br.(NC\) [1:3:5]. 
[105°]. I'Tom fl,5,3,6) or (1,5, 3, 2) dt-broino- 
nitro-aniliiie by diazo- reaction (Korner). Pnsins 
or tablets (from ether). May be reduced to di- 
bromo-aniliiie [57°J. 

Di-bromo-di-nitro-benzene C„ILBr.(NO.jM 
[117°]. Formed by nitrating - <li - bromo- 
benzeno (Korner). Greenish-yellow needles, 
volatile witli steam. Heating with KOHAq 
gives bromo-di-nitro-phcnol [92°J. 

Di-bromo-di-nitro-benzene C,iHJlr.(NO.,).y 
[58°J. Formed by nitrating (j-di-bromo-benzene 
(Austen,!?. 8, 1182). Prisms (from lIOAc). By dis- 
placement of Br by NIL^aiidll successively it may , 
be converted into brouio-di-nitro-bonzeno [87°]. j 

Di-bromo-di-nitro-benzene C,II.Br.{NOj^. 
[120°]. Formed in small quantities in the pre- 
paration of the preceding body (A.). 

Di-bromo-di-nitro-benzene C„H._,Br3(NOJo. 
[159°]. Formed by nitrating j;-di-hromo-]Mmzene 
(Austen, B. 9, 621). Small needles. Alcoholic 
NIL, forms di-bromo-nitro-aniline [75°j. 

Di-bromo-di-nitro- benzene* > 

C,H,Br3,(NO,)3 [1:4:2:6J. [100°]. Fonpd in 

preparing the preceding (A.). Alcoholic NII3 
converts it into bromo-di-nitro-anilino [100°]. 

Tri - brorao - nitro - benzene CJI Jlr3(NO .) 
[1:3:4;6]. Mol. w. 360. [94°]. Formed by ni- ; 
trating 7i- tri -bromo- benzene (Mayer, A. 137, I 
226). Palo yellowish green needles (from alco- 
hol). Alcoholic NII3 gives bromo-nitro-p- 
phenylenc-diamine. 


Tri-bromo-nltro-bensene 

CBH.,Br3(NO.,) [1;2;3:6]. [112°]. From (1,6, 3, 6)- 
di-bromo-nitro-aniline [203°] by displacing* 
NHj by Br, or from (1,2,3,5,4) tri-bromo-nitro- 
anilino by displacing NH.^ by II (Korner). Tri- 
clinic crystals; rt:5:c- l^OOd:!: *1823 (La Valle, 
G. 10, 1). lleduction gives tri-bromo-anilino. 
Aleoliolic NIL, gives di-bromo-nitro-aiiiline[203°]. 

Tri-bromo-nitro-bonzene 
C..H,Br,(NO,) [1:2:1:6]. [120 j. From (2, 4, 6,1) 
di-bromo-nitro-anHine by dia.’.o reaction (K- r- 
iicr). Needles (from IK) Ac). Alcoliolic NIL, 
gives tho parent di-hnmio-uiiro-anilinc. 

Tri-bromo-nitro benzene 
CJl,Br,(NO,) [l:3:5:2i. [123°]. (177°) at 11 ram. 
Pre})areil by nitration of .s-tri-bronio-bonzene 
withHNOa (Wnrster a. Bemn, /?. 12, 1821 ; 
cf. C. L. Jackson, B. 8, 1172). Formed also by 
diazo- ret:t;tion from (l,3,5,2,4)-tri-])romo-nitro- 
aniline (Korner, O. 4, 122). Monoelinic prisms ; 
a:b:c = *6518:1: *8095 ; 1; 99°16' (Pancbianco, G. 

9, 354). Tin and IICI reduce it to ordinary tri- 
bromo-aniline. Alcoholic Nil;, at 170° gives 
(l,4,3,5)-bromo-nltro-plienylone-diamine. 

Tri-bromo-nitro-benzene 
CJI,Br3(NO,) [1:3:1:2]. [above 187°]. Formed 
ill small quantity in preparing the isomcride 
[94°]. Sublimes at 187°. 

Tri-bromo-di-nitro-benzene 
C. lIBr, (NO,), [1:2: 1:3:5 ? ]. [135°]. Formed by 
nitrating tlie pnjceding boily (Mayer). Triclinic 
crystals; u:5:c — *455:1: *457 (Pancbianco, (7.9,. 
355). Alcoholic Nil, gives liroiiio-di-nitro- 
phcnylene-diamiric. 

Tri-bromo-di-nitro-benzene 
CJIBr.,(NO,), [1:3:5:2:6]. fl92"]. Glistoning, 

needles. Prepared by nitration of .s-iri-bromo- 
benzene with HNO., and H,SO, (Wurster a. 
Beran,!?. 12, 1821).' 

Tetra-bromo-nitro -benzene 
C.TIBr,(NO,) [1:3:4:5:6]. [96° after several fu- 

sions]. Sleiuh'r needles, [60°] (from alcohol). From 
//-tetra bromo-benzone by nitration. Formed 
also by heating C„(NO,)Br,SO;,II with IICI (V. v. 
llichter, !?. 8, 1427; Langfurth, .^1. 191, 202). 

Penta-bromo-nitro-benzene CJ3r.,(NO,). 
[228°]. From 7^ - tetra - broino - ben zene and 
fuming HNO3 (B.). Monoclinic prisms (from 
benzene). 

BROMO - NITRO - BENZENE SDLPHONIC 
ACIU C,H3Br(N0,)(S03lT) l 1:4:2]. [130°-135°]. 
From bw'irio-benzeno o-sulphonic acid and cone. 
ILNO3 (iiaohnami, A. 186, 31;^ 'From /i-bromo- 
nitro-benzene and fuming r.,SO^ (Augustin a. 
Post, B. 8, 1559). Flat yellow columns, v. e. 
sol, water. lleduction gives ainido-beuzeno 771- 
sulphonic acid; exchange of NO, for Br giyoa 
p-di-bromo-benzeno sulphonic acid. ,AgA'. — 
BaA'.,5aq. S. (of BaA'.J 5*3 at 16 CaA', 4aq. 
— CaA'., 6.\aq (A. a. P.). — KA'. — NaA'.— NH^A'. 
PbA'.,5aq. ZnA'aTaq. . 

C/iZoridcC„n3l5r(NO.,)(SO..Cl):[92°l;table3.- 

Amide C,il.Br(NO,)(SO,Nil,). [205°J. 

Bromo-nitro-benzene sulphonic acid 
C.,n3Br(NOJ(SO,,H) [1:6:2]? Formed in Bnmll 
quantity in preparing the above by nitrating* 
bromo-benzene o-sulphonio acid (B.). — BaA^. 
S. '156 at 8°. KA'. 

C;iZoridcC,.lL,Br(NO.,)(SO.,Cl):[97°];tablefl., 

Amide C,ll3Br(N0.)(803NHJ. [215°]. 
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Bromo*nitro-benzeiie-8ulpho&lo acid Di-bromo-nUro-bentene salpbonlo acid 

CHH,Br(N0..)(S03H) (1:3;6]. Formed by heating 03H^r2(N03)S0,H[l:3:4:6] [above 200®]. Formed 
nitro-diazo-benzene-sulphonic acid (1:3:6) with by nitrating O^HaBr^SOgH [1:3:4] (Bassmann, A. 
HBr (Lirnpricht, B. 18, 2186). 191, 235). Deliquescent needles or prisms (con* 

Chloride: [75®], large yellow tables. taining a*aq).— K.V. S. 1*4 at 21*5°.— BaAjaq. 

Amide : [160®], small white tables. S. (of BaA'^) 1‘00 at 24®.— CaA'.,6aq. — PbA'24aq. 

Bromo-nitro-benzene sulphonic acid Chloride C.;F[JNO.,)Br..s6,.Cl. [115*5®]. 


C^H3Br(NO,.)(SO,,H) [1:4:3]. Formed by nitra- 
ting broTuo-bonzene w-sulphonieacid (Bcrndson, 
A» 177, 95 ; Thomas, A. 180, 124). Keduced to 
nmido-boiizene o-sulphonic dcid. Exchange of 
NO. for Br gives jp-di-bromo-bcnzcne sulphonic 
acid.— AgA' l.',aq. — BaA'.. 3aq. S. 2*4 at 7®. — 
CaA'., 6aq.” Nlf , A'.— l’bA'.> .3aq. 

Chloride • C,n,Bi-(NO.,)(SO‘Cl). [83®]. 

Amide CJT3Br(NO,)(S()2Nli,). [170®]. 

Biomo-iiitro-benzcno sulphonic aci*^. 
C,H3Br(NO,)(SO;Jl) [1:2:4]. Formed by nitra- 
ting bromo-bcvzciie 2J-sul})honic acih (Goslich, 

A. 180, 93; Lirnpricht, JJ. 8, 456). Formed 

.also by sulphonating o-bromo-nitro-benzcme 
(A. a. r. ; Andrcw.s, Jk 13, 2127). Keduction 
by HI at 120® gives amiOo-benzene ?u-sul])lionic 
acid. - BaA'., aq. S. (of BaA'j) 1*71 at 15® (A.). 
-BaA'.,l',a(i. S. (of BaA'..) 1*46 at 9® (G.). - 
■CaA'..2aq7A. a. r.).-CaA'., 2jaq. S. (of CaA'.,) 
4*71 at 9" (G.).— CuA'..9Lui.-KA'. 1*02 at 

9® (G.). NH^A'. S. 5*96 at 9®.— PbA'., 2aq.— 
7n A'2 2aq. 

Chlo ride CuH3Br(NO,,) (SO.Cl). [40®-50®] 
.(A.); [57®] (G.). 

.4wz^;cC,H3Br(NO.,)(SO,Nn,,):[177®];platc3. 

Bromo-nitro-benzene di-sulphonic acid 
C,JI.,Br(NO,)(SO.,H)2. From ihtro-benzeno m- 
sulphonic acidrm di-nit»*o-bonzeno di-sulplionic 
acid and amido-nitro-benzone di.sulphonic acid 
(Lirnpricht, il. 8, 289). Trimciric tables (con- 
taining aq). 

Di-bromo-nitro-benzeno sulphonic acid 

C,,H.,Br.,(N0,)(803H) [1:2:4:6]. From o-di- 
bromo-benzene sulphonic acid and funiing 
HNOa (Goslich, A. 186, 152). lUluctipn gives 
di-bromo-aniliiio sulphonic acid. — jfaA'., 3oq. 

B. *9 at 7®. — CaA',.4:iq. — CaA'.,Gaq.— KA'. — 
NHA'-— FbA'.,3aq. S. *8 at U®. 

Chloride C,H J3r..( N O.) SO..C1. [99®]. 

Amide C,H,Br2(NO.,).Sb.,NlL. [211®]. 

Bi-bromo-nitro-benzene sulphonic acid 
C„H.^r.,(NOJ(SOjII) [l;.i:3?;5]. h'rom (1.4.r<)- j 
di-brorno-benzene &’il]>honic acid and IINO3 ; 
{Borns, .4. 187, 358 ; lliibncr a. Williams, A. \ 
167, 121). Hygroscopic prisms which blacken 
4it 100®. — Ba A'Xq, — BaA'., 1 ,’,aq. BaA 2^aq. — 
BaA'2 6aq.~BaA ., 9aq.- CaA^,, 3aq. CuA'., aq. — 
K A' aq. - K A' 2 S aq. — NH^A' t, aq . — PhA', 2aq. — 
PbA'.,3nq. H. I0*3 a* 10°. 

" C/i/oridc C,H,Br,(NO..^(S()., Cl). Oil (?). 

Amide C.n,Br;(NO.,)(SO.,Nlj.,). [178®]. 

Bi-bromo-nitro-benzene sulphonic acid 
•€„H.,Br.,(N02)(SO:,II) [1:3:4:5J. From s-di- 
•bromo-benzene sulphclfiic acid and HNO, (Lcnz,# 
A, 181, 32). Tablets (containing a:aq) ; not 
hygroscopic. By exchanging NOg for Br it is 
converted into (l,3,4,5)-tri-bromo-bcnzenc sul- 
rphonic acid. BaA'., l.laq. S. *73 at 20®. — 
i3aA'2 4aq. — CaA'„ 3aq.— KA'aq. B. 1*09 at 20°. 
- NH,A'.— PbA'., 5aq. 8. *120 at 20®. 

Chloride C.H.Br.,(NO,){SO.,Cl). [121®]. 

Amide C,ll2Br2(N02)(S02NH2). Blackens 
■at 300®. i 


Amide C., 1 i ,( N 0,) l3r,SO.,NH2. Minute 
tablets. Not moltctl at 210®. 

Tri-bromo-nitro-benzene sulphonic acid 
CJIBr3(NO.,)SO JI 2aq [l:3:r,:2:6J. [c. 100®]. 

Forjned by nitrating C^H.,Br.,SO.,H (Larigfurth, 
A. 191, 196 ; lleinkc, A. 186, 282 ; Bilssmann, 
yl. 191, 216). Hygroscopic, monoclinic prisms. 
Cone. IICI at 180® give<3 II. SOJ and 
C.Tr.,Br..(NO..)[125°].-KA'. S. *76 at 5° (B.) ; 
1-33 at* 11®‘(L.).— BaA'.,aq. S. (of BaA'..) *207 
at 1*5® (B.); *331 at 15® (L.). BaA'2liaq.— 
CaA'..2aq.— PbA'..9aq. S. (of PbA'.,) -63 at 7® 
(B.) ;*93atl0® (L.).— rbA'.,l^aq.— PbA'.,Pb07aq. 
— PbA'.,Pb0 6aq. NH,A'. 

Chloride CJIBr,(NO.,)SIO..Cl. [145°]. 

A m ide C«HBr;,(NO.,)SO,,NIl2. 

Tri-bromo-nitro-berzene sulphonic acid 
CJTBr.,(NO.,)(SOJl) [1:2:3:4:5]. From (1,2, 3, 5)- 
tri-bromo-beiizene sul})honic acid by nitration 
(Lirnpricht a. Lenz, B. 8, 1072, 1132 ; A. 181, 
41). Lamirne. — BaA'., 4aq, S. *074 at 18'.-- 

CaA'.. 3aq. 8. 1*05 at 20®. — KA' aq. S. *16 

at 18®. NH.A'aq. PbA'.,aq. 8. *14 at 20°. 

Chloride C,dlBr,(N6.,)(8().,Cl). [116®]. 

Amide C,HBr,(N6,,)(8b,,NIL,). [202®]. 

Tri-bromo-nitro-benzene sulphonic acid 
CJTBr,(N0.,)(803H) [1:3:4:2:6]. [125®] or, anhy. 
drous, [111 ]. I'rom (l,2,l,5)-tri-bromo-benz- 
eno sulphonic acid and HNO., (Spiegelberg, .4. 
197, 281) columns («07itaiiiiug 3a(j).--AgA'aq. 
8. (of AgA') *45 at 7®. BaA'., 3a<i. S. (of BaA'.,). 
•669 at 9®. — CaA'.,4^aq. 8. (of CaA'..) 1*95 at 
8®. KA'. S. I*19"at8°.— NTT,A'. 8. 1*68 at 6*5®. 
— PbA'o 6aq. 8. (of PbA'.,) *853 at 7®. 

Chloride C,lJBr,(Na,)(SC).Cl). [143®]. 

Amide C„1 1 Br..(NO.,){"8(.).,Nll,). Blackens 
at 250®. 

Tri-bromo-di-nitro-bonzciie sulphonic acid 
C Br.,(NO..)..80.,H [1:3:5:*2:1:6]. [216®]. From 
c'lLBr,s6:,H and cone. UNO, at 100® (Biiss- 
inann, A. 191, 239). Colourless cclumns (con- 
taining 3aq). Not hygroscopic, but v. sol. 
water, sol. alcohol.-- Witli water at 230® it gives 
C,HBi\(NO.,)., and H .8O4. llednced by Sn and 
nCl to C«H.Jh(NH.,)j80:,H.—NH,A'aq.- KA'aq. 
8. (of KA') *18 at 24 . ■ BaA'., 9aq. 8. (of BaA'.,) 
••83 at 21®.— CaA'.. 7.‘,aq. - PbA'., 9aq. 8. (of PbA'^) 
1*02 at 19*6®. 

Chloride C.Br.,(NO..LSO..Cl. [203®]. 

A mide C. Br ,(NO,).,80.,NH,. [260®]. 

Tetra-bromo-nitro-benzene sulphonic acid 
C,Br,(NO.,)80‘,H [1:2:3:5:4:61. Got by nitrating 
C„HBrj80aII. Crusts of needles (containing 4aq). 
V. sol. alcohol aAd water (Beckurts, A, 181, 220 ; 
Laii^urth, A. 191, 202). With cone. HCl at 
200^ it gives C„HBr^(NO.,) and H.,80,. — KA'lJnq. 
8. (of KA') -57 at 10*5®. -‘BaA'., 9uq. 8. (of BaA'.,) 
•36 at 11° (B.); -100 at 14*5® (L.).— NH^A'aq. 
8. (of NII4A') 1-01 at 11°.— CaA'., 8aq. S. (of 
CaA',) *16 at 6®.— PbA'., 9aq. 8. (of PbA',) *06 
at 6®. 

C/iZorideC,Br,(NO.,)SO.,Cl:[147-5®];tableti. 

Amide: crystalline powder. 
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T»tra*l»rotto-iiltro-1)enfene sulplumio aold 

OeBr*(NOo)SO,H [1;2:3:4:5:6]. [173'^. From c- 
tetra-oromo-beuzene sulphonio acid and HNO, 
(Spiegelberg, A. 197, 297). Slender needles (con- 
taining aq). — BaA'.,4aq. S. (of BaA'.J *22 at 12®. — 
BaA'o 9aq.— CaA'j aq. S. (of CaA'.,) 2-8 at 13®.— 
KA'aq. S. (of KA') -17 at 11®. -iNII,A'. S. -40 
at ll®.-PbA'..2aq. S. 012 at 11°. 

a;iZoricZc C,13r,(NO,)(S()..Cl): [173®]; prisms. 

Amide C,Br^(NO„)(SO,NII.). Blackens at 
2C0®. 

BROMO-NITRO-BENZOIC ACID 

C,n,Br(N()..)COJI [ 1:1:3J. [1 Formed, 

together with the isomeride [250®] by nitrating' 
rn-broi»o-bonzoi(j acid (Hiibncr a. Ohly, Z. [2] ] 
1, 547; 2, 241; A. 143, 230 ; 222, 102). I 

Monoclinic prisms. — NaA' 3aq.— NaA'2],aq. | 
KA' 2aq. — BaA'.. 4aq. — CaA'^ 2aq.— MgA'., laq.— 
PbAV CuAV AkA'. ! 

lUthyL ether Ktk'i [55®]; moHOclinicpn-ins. 

Bromo-nitro-benzoio acid Cull3Br(N0.2)C0.^II ; 
[1:3:5]. [101°]. S. ‘057 at 11®. Formed from ; 

cJhXNH.KNOJCO.JI, glacial acetic acid, lli>r 
(S.(i. I'lO), and nitrous acid gas (Ilesoraaiin a. 
Kohler, A. 222, 100). LAng needles (from water, j 
benzene, ether, or CS.,), whetstone - shaped 
crystals (from glacial acetic acid) or thin six- 
sided plates (from alcohol). ~ KA' l.a(|. — 
BaA'a 51aq.— CaA',, aq.— ^IgA'., aq. - Zn A", 4.‘ aq. 
— CdA',"! .1 aq. - Sr A'.,.- - Ag A'. -BbA'.,. 

Bromo-nitro -benzoic acid C,;lI;,Br(NO.,)CO,H 
[1:3:0]. [104®]. Formed by oxidation of 

C H,Br(N6..)Mo by dilute HNO,, (Scheufeleii, A. 
231, 173). V. sol. ether and dilute alcohol. SI. 
sol. water, lleduced by Sii and HOI to m-brorao- 
aniline, CO,, going off. - -AgA'. 

Bromo-nitro -benzoic acid C,iH.,l>r(NO.,)(CO.,Il) 
[1:4:0]. [180®]. From C,H,MelJr(NO,,) [l:2:.5]aiul 
dilute IINO3 (Scheufelen, A. 231, 181) or by 
nitrating o-bromo-benzoic acid (Burgluird, H. 8, 
500). Almost iiisol. cold water, si. sol. hot water, 
V. sol. ether and dilute alcohol. Alcoholic NH3 
at 130® gives p-nitro-aniliiie and (1, 4, 0)-amido- 
nitro-bciizoic acid. — BaA', olacp 

Ethyl ether Ft^V : [tjO®] ; needles. 

Bromo-nitro-benzoic acid 
CuH,Br(NO,,)CO.H [1:2:4J. [109®]. Formed by 
nitration of ^-bromo-benzoio acid [218 ] (TTiib- 
ncr, A. 143,248; Kavcill, yl. 222, 177) and by 
oxidation of tho corresponding bromo-mtro- 
tolucne (Schcnfelen, 231, 183). Long needles 
(from water) or plates (from dilute alcohol) ; v. 
Bol. ether, si. sol. water, lloduction gives m- 
amido-henzoic acid. ^ 

Salts.- -AgA'.— BaA', 4a(i .—Mg A , (<aq. 

Ethyl ether Ft A': [74®]; prisms. 

Bromo-nitro-benzoic acid 
C,H3Br(NO,)CO,H [1:2:3]. [250®]. From m- 

bromo-heiizoic acid by nitration. beparaled 

from its isomeride [141®] by being less scluhU* 111 
wX (]Iubner,^.f43,231; A. 222, lO^- Mono- 
clinic octahedra (from eiher). NaA aq.-, 

BaA'.,4aq.— MgA',<)aq. 

Ethyl ether FtA' : [80®]; prisms. 

Di-bromo-nitio-bonzoic acid 
aH.,Br.,(NO,,)CO,H [3 : 4 : 2orG : !]• 4* 

From di-hromo-benzoic acid [230®] by nitr.ation 
(E. F. Smith, A. 222, 188). Colourless needles ; 
reduction gives anthranilic acid. 

S alts.— PbA',,.— NaA' 3aq.- FA .— l>:iA .,aq. 

CaA'„ 3Aa(i.—- MgA'*. 


Di>bromo-nitro-beiicoi^ acid 


0«H.,Brs(NO,)(CO.,H). [162®]. Formed by nitra- 
ting the di-bromo-benaoio acid '[223®- 227®] 
obtained by brominating benzoic acid (Anger- 
stein, A. 158, 13). Needles (from water). Re- 
duction gives di-broino-amido-bcnzoic acid 
[196®] and then anthranilic acid. NaA' 3aq. - 
BaA',,2aq. This acid is perhaps identical with 
the preceding. 

J)i-bromo-nitro-benzoic acid 

C,n.,Br,(NO.,)C(),lh[3:5:2:ll. [2.33®]. Formed by 
nilralionof C„H.,Br,CO,ll (Iloscinann a. Kohler, 

A. 222, 173). liong coIourK ss needU s ; may bo 
sublimed. — BaA',, lacp- CaA'„. — AgA'. — -KA'. 

BROMO-NITRO-o-BENZYL-FHENOL 
C,,ll,.,nrN().,. [105'’-1UV®J. l;'roni potassium 
iiitro-o-bcnzyl-phenol sulphonic acid and lir 
; (llennie, C. J. 40, 410). Yellow schIls (from 

I alcohol). -.|lv A'. 

Bromo-nitro-/)-benzyl-pbenol 
; l*h.CH,.C,H,Br(NO,)OIT [1:3;5:4]. [65®]. 

Formation. — 1. From potassicbromo-benzyl- 
]>hc‘iiol sulplionate and dilute HNO., (1:1) 

. (Rennie, C. J. 11, 223).— 2. From potassic nitro- 
i benzyl-phenol sulplionate, C,H,0,„ and Br. — 

* 3. From nitro-bcnzyl-plienol, C.,H,0,, and Br.— 

4. From benzyl-phenol by first brominating 
and then nitrating. 

I Vo;)t’r^iVs.— Crystalline scales (fron i alcohol). 

- KA'. Red scab's.* HNO.,oxhlisosittobromo- 
di-nitrO' phenol, C„n.,Br(N6.,).,0 11 [1:2:3:5] [118®]. 

BROMO-NITRO-BBTANE C.H.BrNO, i.e. 
C.JI,.CIIBr(NO,). (IBl® cor.). Krom nitro- 
butane, potash, and Br (Zubliii, B. 10, 208;>). 
The three following compounds are prepared in 
a similar way (Z.). 

Di-bromo-nitro-butane G8lI,Cl>r,(NO,). (204 

Bromo-di-nitro -butane CJI~CBr(NO.,),. Not 
volatile. 

Bromo-di-nitro-iso-butane 
(Cll.,)..CH.CBr(NO..)... [38 J. Solid resembling 

canii»hor. V latile with ste.aiii. Readily decom- 
posed bv alkalis forming dinitro-i.sobntano. 

BROMO-w-NITRO-CINNAMIC ACID 
[3;l]C«H,,(NO,).OdIBr.CO,H. [212 J. Formedby 
healing the d“ibromide of ??/-nitro-beiizylidcne- 
malonic acid (Stuart, C. •/. 49,^ 361). 

Bromo-p-nitro-cinnamic acid 
[4:ljC,TI,(NO,).C.dlBr.COJl. [116®!. y.sol.alco- 
hoi, eiher, clilorofovni. SI. sol. h«>t More 

1 sol. in cold water than its isomeiid-' 2<;5 J. . ^ 

S a -BaA'.,. I’oiled with wuUr gives nitro- 
phcnyl -acetylene, CO., and Ba! r.,. 

Ethyl ether FtA'. [63'/. I'l i.nns. Frorn 
C 11 (Nd,)ClJBr.CllBr.CO..Ftand alcoholic KOH 
(C. L. MiUler, .1. 212, 13 [K 

Bromo-;)-nitro-ciniiam..c aeid 

[4:1] C,H,(NO.,).ClJBr.CO II. 1205 ’]. Slender 
silky needli?s (troui water). Si. sol. cold watcfi 
insol. cold CS,. V. sol. alcohol, ether, chloro- 
form, or benzoline. . , , ■ x 

Salt.-Ba.V.,. HecOinposed by boiling into 
nitro-phcnyl-acctylcne, CO., ami Ha Ur,. 

Ethyl etherVAM. [93®J. Needles. Erom 

di-exo-bromo-p-nitro-phenyl-propionic ether by 

alcoholic KOH (C. L. Miillcr, A. 212, 131). 

Di-bromo-«-nitro-ciimamic acid 
[4:1] C.H,(NO.J.Clh’:CBr.CO.H. [c.l80®]. From 
p.niirr.r-phenyl-piopiolic acid and Br (Drewson, 
A. 212, 157). 
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Ethyl ether "Eik, [86®]. V. sol. benzene, 
chloroform or glacial HOAo, si. sol. benzoline. 

BROMO-NITRO-CINNAMIC ALDEHYDE 

C,Il,(N^O,).CH:CBr.CHO. [97®J. Long yellowish 
needles. I'ormed together with the isomeride 
[130'^] by nitration of a-bromo-cinnaniic alde- 
hyde. 

PhcnyUhydrazidc. [131-]. Tairge yellow 
plates (Zinchc a. Hagen, B. 17, islli). 

Bromo-nitro-cinnamic aldehyde « 

C,II,(NO,).CII:Glir.Cl]0. [d3G^J. Yellowish 
needles. Formed as above. 

P }l en y I -hy dr azide. [1 o P] ; red crystal- 
line solid, sh sol. alcohol (Z. a. H.). 

di-bromo-;nitro.o-cresol 

C,n(CII,)(N0,)(Br),(01i.) [l;l:.r:‘2] [92®]. 

Formed by bromination of nitro -o- cresol 
C,H3(CH,)(N0,)(0H) [1:1:2]. Yellowish needles. 
X. sol. alcohol and ether, nearly in ol. water 
(Nolting a. Collin, B. 17, 270). 

Di-bromo-nitro-p-cresol 

CJlMe(N(),,)(OH)Br, [1:2:4:?:?]. [83®]. From 

aqueous nitro-cresol, [78'’], and bromine-water. 
Long yellow needles (from alcohol). Insol. cold 
water, v. si. sol. hot water, v. sol. alcohol or 
ether (F.Knechf, A. 215, 80; B. 15, 1071). 

Balts. — C,41Me{NO,)(ONa)Br.,2.laq. Red 
needles (from alcohol). - C, llMe{NO.J(OK)Br 2 aq. 

DI-B kOMO-NITRO-CUMENE 
CJI,.CnBr.CBr{NO,).CH ,. Di - hromo-nilro- 
phenyl - propylene. [77®-78*5°]. From 
rh.Cil:C(NOj).GII, and Br (Prieh.s, A. 225, 302). 
Colonrless prisms (from liglit petroleum). Not 
<leconiposed even by hot aqueous NaOH, thus 
dilTering markedly from tlic corresponding di- 
bromo-nitro-ethyl-benzene. 

Bromo-nitro.\j/-cumene 

C„nMe,,Br(NO.J [l:2:d:5::r]. [102®]. Formed by 
nitration of bromo-pscudo-emneno [73®] by 
fuming ITNO,. Needles. Sol. benzene, si. sol, 
alcohol (Kelbe a. Pathe, B. 10, 1548). 

Bronio-di-nitro-xf/- cumene 
C,MC;,Br(NO .,)2 [1:2:4:3:5;()]. [181®?i Fmmed by 
nitration of bromo - pseudo - cumene [1:2:4 :3]. 
Long yellowish needles. Si. sol. hot alcohol, 
nearly insol. cold (Kelhe a. Bathe, B. 19, 1551). 

Bromo-di-nitro-\]/-cumeiie 
C,Me3l3r(NO.,),[l:2:4:5:3;CJ. [214®]. Formed by 
nitration of bromo-pseudo-cuinenc [73®J with 
fuming UNO;, and cone. ILSO,. Microscopic 
tables. Sol. benzene^ si. sol. hot alcoliol, nearly 
•f;«ol. cold alcohol (Fittig, A. 147, 14 ; Kclbo a. 
Pathe, R. 19, 1518). ^ • 

BEOMO-NITRp iso-CUMENOL * C.n„nrNO, 
t.c. C„n.,{C.n,)Bi*\N(),)(OH) [1:5:B:2]. Bromo- 
nitro-isopropyl-phenol. [33®]. From bromo-iso- 
propyl-phenol and IlXOj (Fileti, G. 10, 123). 
Palo yellow needles (from dilple IIOAc). 

Bromo-nitro-iso-cuinenol 
C,IJ,PrBr(NO,)(OH)[l:3:5:2]. [88°]. Fromnitro- 
isopropyl phenol and Br (F.). Nacreous tables 
(from dilute alcohol) ; j^olatilc with steam. 

BROMO-NITRO-CUMYL-PROPIONIC ACID 
C,..H, 4 BrNO, i.c. 

C«n3(C3H,)(NO,).CHBr.CII,.CO,n. [127®]. 
From o-nitro-c.so-proijyl-cinnamic acid and HBr 
(Einhorn a. Hess, B, 17, 2020). 

Di-bromo-nitro-cumyl-propionio acid 
C,H3(C3H,)(NO.J.CHBr.CnBr.CO,H. [171°]. 
From o-nitro-c.so-propyl-cinnamic acid and Br 
(^Vidman, B. 19, 200). 


Dl-bromo-nitro-oiimyl-propionio acid. [184®]. 
From w-nitro-MO-propyl- cinnamic acid and Br 
(Widman, B. 19, 418). 

BROMO-NITRO-CYMENE C.^H.-BrNO^ ue, 
C„ILMe(C 3 H,)Br(NO.J [1:4:3 :j:]. Formed by 
nitrating the bromo - cyinonc derived from 
thymol (Mazzara, O. 10, 193). Oil, volatile 
with steam. 

Bromo-di-nitro-cymene 

C,HMePrBr(NO,),. [1:4:2?:?:?]. [OS®]. Formed 
by nitrating bromo-cyrnene (229®). Monoclinio 
l>risms (Gcriehten, B. 11, 1092). May bo iden- 
tical with the following. 

Bromo-di-nit ro-cymene 

C,HMePrBr(NO ,)2 [1:4:3:?:?]. [04®]. Formed 

by nitrating the bromo-cymeno derived from 
thymol (M.). Slender yellow needles. 
Bromo-nitro-isocymene 

C.H,(C 3 TI;)(CH,)(Br){N(),) [4:2:1:?]. [121®]. 

Lnng rod needles. Prepared by nitration of 
(l:2:l)-bromo-isoeynioiie (Kelbe, B. 15, 40). 

Bromo-nitro--m-isocymene (?) C,„lI, 2 (NO.JBr. 
[83®]. From di-bromo-m-isocymene by nitra- 
tion (Kelbe a. Czarnoniski, A. 235, 281). 

Bromo-di-nitro-isocymene 
C,H(C 3 lI,)(CH 3 )(NO,),(Br). [55®]. Short thick 
needles. Prep.aved by nitration of (i3)-brorno- 
isocymerie (luilhe, B. 15, 42). 

BROMO-NITRO ETHANE C.H.BrNO. i.e. 
CH 3 .CIIBr(N()._.). (117®). Formed by dissolv- 
ing nitro-cthane (q.v.) in a(iue(ms (taustio potash 
and adding bromine: cil,.Cl I K(NO.J 4- Br,-* 
CH.,.CHBr(NO.,) -f- KBr (Moyer a. Wurster, B. 6, 
94; Tscherniak, R. 7, 910; /1. 180, 120). - Pun- 
gent oil. Forms unsltihle sails. 

Bromo-di-nitro-ethane CIi(.CIjr(XO.d.i. From 
Brand potassium dinitroei bane ('Tfa’ Meer, 
LSI, 15). — Oil, volatile with steam; decomposed 
by KoCO, which forms rjI,.CK(N 02 ).„ 
Di-bromo-tetra-nitro-ethane 
CBr(N() 2 ) 2 .CBr(N 02 ). 2 . J’’roin ethylene bromide 
and fuming UNO,, or from 0,(NO.),K2 and Br. 
Unstable liquid ; forms with potash a compound 
C.L>r 2 (NO..) 42 KOil, m. sol. hot water, which ex- 
plodes at about 180®. Ammonium sulphide con- 
verts it into C.,K..(N02)4. SO.^ forms Nil,, IIBr, 
and HCN. Aqueous K.,SO., forms yellow crys- 
tals C..(N02)4K23K2S04 (Villicrs, G. E. 94, 1122 ; 
98, 43i). 

Di - bromo - nitro-ethane CH.,.CBr2(N0.2). 
(1C6®). Formed by adding potasli to a mixture 
of nitro-ethane {q. v.) and the calculated quan- 
tity of bromine (V. Meyer, B. 7, 1313). Indif- 
ferent oil, insol. KIIO. 

• BROMO - NITRO - ETHENYL - NAPHTHYL- 
ENE-DIAMINE 

C,.H.Br(NOJ<]]^>C.Cn, [4 : a: : 5] . [242<>]. 

Formed by nitration of ethenyl-(4:2:l)-bromo- 
naphthyiene-diamino (Prager, B. 18, 21C2). 
Yellow needles si. sol. alooluJl, v. sol. HNOsAq. 

wa-DI.BfiOMfVo-NITRO - ETHYL - BENZENE 
C^H.-Br^NO., i.c. [2:1] C,H^(N 02 ).CllBr.CH,Br. 
o-niirfj-sfytriic dibromidc. [52°]. Fromo-nitro* 
styrene and Br (Einhorn, B. 16, 2213). 

a’o-Di-bromo- 7 n-nitro-ethyl.benzene 
[3:1] C„H,(NO.J.CHBr.CH.,Br. [79°J. From m- 
nitro-styrene and Br (Praiisnitz, B. 17, 598). 

wa-Di-bromo-^i-nitro-ethyl-benzene 
[4:1] C,H,(N02).CIIBr.CH,,Br. [73°]. From p- 
nitro-'ityrcne and Br (Baslcr, J5. 16, 8006). 



BROMO-NITRO-NAPHTHALENE. COl 


i»a-Di.broino-w>mtro*etli7l.benzeiLe 
0«H,.0HBr.GHBrN0,. [86°]. From « - nitro - 
phenyl -ethylene and Br (Erdmann, B, 17, 414). 
Also from w-nitro-ethyl-bonzene and Br (Priebs, 
.4. 225, 341). Monoclinic crystals, rt:6:c=* 
1*257:1:1*39(>; L = 83" 54'. Cold ariuGous NaOII 
gives brorno-nitro-styrono. 

wa-Di-bromo-coo-di-nitro-ethyl-benzene 
[2:1] CJI,(NO,).CnBr.CHBrNO,. [01^]. From 
two-di-nitro-phonyi-ethylcnc and Br (Priebs, .1. 
225, 352). White needles, v. si. sol. ligroin. 

wa-Di-bromo-wp-di-nitro-ethyl-beazene 
[4:l]C,H,(NO,).CHBr.CHBrNO,. [103"]. From 
ajj-di-nitro-phenyl-ethylene ami Br (P.). Plates. 

DI.5R0M3.NITR0-ETHYLENE 
0^,HBru{N0..). [112'"]. From sodium tri-nitro- 
rosorcin 0,.H(NO,)3(OH)(ONa) in aqueous solu- 
tion, and bromine vapour (Mor/. a. Zctter, 71. 12, 
2046). Prisms (from CHOI.,) ; does not combine 
with Br. Zri and HGl give ethylamine. 

DI-BROMO-DI-NITRO-FLUO RE SCEiN 
0^.oH,.Br.^(NOJa04. From di-bromo-fluorcsccin 
and HNOj, or "from di-nitro-tlaoresceia and Br. 
Yellow needles ; is not fluorescent. 

Acetyl derivative [25(3 'J (Baoyer, A. 
183, 01). 

BROMO-NirROFORM V . T> aoM ) -T III - N IT i;o - 

MKTH.VN’R. 

BROMO-NIXRO-HYDROCINITAMIC ACID t;. 

Btto.\io-Nrra')-PHENYL-pjioi>roxio acid. 

BROMO NITRO-MESIIYLEME C,fI,„BrNO. 
i.e. O..HBrMe;,(NO,). [5 t^J. Formed by nitrating 
bromo-mesdyleno (Fittig a. Btorer, A. 117, 7). 

BroniD-di-nitro-niesitylene C,B.’M-5j(NO.) ^ 
[104°]. From di-bromo-mositylone by fuming 
UNO.,. Needles (Bussongutli, A, 215, 2 48). 

BROMO-NITRO-MErHANE ClI,Br(NO,). 
(114'). Formed by the action of bromine on 
sodium nitro-niethane (Tsehernialc, 7>. 7, 910; 
.4. 180, 128 V. Nmio-MEJiiANF,). Pungent oil. 
The bromine and nitroxyl render its hydrogen 
displaceable by sodium : it is a strong acid. 

Bromo-di-nitro-raethane CfIBr(NO..).j. From 
di-bromo-di-nitro*metliane and alcoholic KOII 
(Villier.s, Bl. [2] 37, 452; Losanitsch, Ji. 10, 
51) ; or from (a)-di-bromo-caiuphor and cone. 
IINO3 (Kachlcr a. Spitzer, M. 4, 558). Oil. 

Salt. -CKBr(NO,),: S.G. 1-25; trichuic 
crystals which cx.plode at about 147 Keduc- 
tion by sodium-amalgam gives llCN, HBr, and 
NII3 (Villiers, 77/. i21 U, 282). Ammonium 
sulphide gives di-nitro-methano. , 

Bromo-tri-nitro-methane CBr(NOJ ,. Bronio- ' 
nilrofomi. [about 12 "J. S.G. 2-8. l- rom 
nitroform and Br in sunlight; or from mcn-nrie 
nitrotorm and Br (Scliischkoff, A. 119, 2 47). 
Decomposes at 140", but volatile with steam. 

Di-bronio-nitro-niethane CIIBr.(MO.). 
(155°-1G0°). Formed by adding bromine to 
potassio bromo-nitin-iiiethane : 

CHKBr(NO,) + Br, = CIIBr^(NO,) + KBr. 
Bromopiorin, insolubk. in potash, is formed at 
the same time (Tschorniak, A. 180, 130). " V(;ry 
pungent oil, volatile with steam, soluble in 
caustic soda. 

Di-bromo-di-nitro-methane CBr.(N O,).. 

[c. 0°j. Formed by the action 0: cone. lINOj 
on tri-bromo-anilino, ethylene bromide, bromo- 
pheaol, or di-bromo-p-toluidino (Tiosanitsch, 77. 
15, 472 ; Villiers, BL. [2] 37, 452j. areonish- 


yellow, pungent oil, volatijb with steam. Alkalis 
form salts of bromo-di-nitro-meihane. 

Tri-bromo-nitro-methane 0Br3(N02). Bronio- 
pierm [10°]. S.G. 2*811. 

Formation. — From nitro-methane, bromine, 
and KOH (V. Meyer a. Tscherniak, A. 180, 122). 

Preparation. — CaO (4 pts.), H.D (50pts.), 
Br., (0 pts.) and picric acid (1 pt.) are mi.vod in 
the order named and the product is distilled 
(Stenhouse, P. ill. [4] 8, 30 ; Groves a. Bolas, .1. 
15o, 253; G. J. 23,^153). 

Properties.— Varx^ani prisms, may bo dis- 
tilled in vacuo. Converted by J.>r into CBr^. 

BROMO-DI-NITRO-METHYL-AI5.ILINE 

C,lLBr(NO.,).,NllMe [1:3:5:0J. [147°]. From 

di-nitro-mcthyl-aniline ,and Br.^ Yellow crys- 
tals ; boiling aqueous KOI! gives bromo-di- 
nitro-phenol (Norton a. Allen, B. 18, 1990). 

Bromo»iitro-di-methyl-aniline 
C,TI,Br(N02)NMe., [4:3:1]. [72 ']. r.ong crystals. 
Formed together with other products by the 
action of nitrous acid upon ^)-bromo-di-uicthyl- 
aniline (Koch, B. 20, 2101)). 

BROMO-DI-NITRO - METHYL - DI PHENYL- 
AMINE 0,,,H,„NBr(N(k),. flOl’j. Light yellow 
tables. Fornu*d by bromitialion of di nitro- 
mot,hyl-di-i)henyl- amine (Ijoymann, 7>'. 15, 1230). 

BROMO-NITRO-NAPHTHALENE 

C„.U,Br(NOJ [1:1]. [85°]. From (a) bromo- 

napVithalene ami IINO^. Yellow needles. PBi’j 
gives C,„Il,Br, [81°] (Jolin, Bl [2j 28,515). 

Brorno-nitro-naphihalene 
C,„H,.Br(NO.,) [1:1' or 4']. [122*5°]. S. (93 p.c. 

alcohol) *337 at 15*7°. From {a)-nitro-naplitha- 
leno and bromine (Guaroschi, A. 222, 291). 
Yellow needles (from alcohol). KMnO^‘ gives 
bromo-phthalic acid [174°-170 

Bromo-nitro-naphthaleue C,|,ll,,Br(NO.J [3:1J. 
[131°]. From (2,l,l)-bromo-nilro-(o)-naphthyl- 
amine by the dia/.o- rt'.iction (Idt l)ermann a. 
SchoMing, .4. 183, 202 ; Meldola, C. J. 47, 508). 
Straw-coloured needles. Fi.xchungo of NO,_, for 
Br givei/(l,3j-di-bromo-iiaplithal<‘ii(! [()4‘-’J. 

Broino-nitro-napbthaleno C,„H .Br(N().^) [1:3]. 
[132 9. From (u)-naphthylaniim' by bromina- 
tion, uitration, dia/.oLisation Ac. (Liebermann, 
P.8,1108; A. ]s:5, 202). Yellow needles; Sn 
arul llCl give (/7)-nui)lit)jylamiiH', 

Bromo-di-nitro-naphtbalene 
C,„I1 Br(NO._.)._,. [170 ']. Long glisfiuiing needles. 
Formed tog(4hcr with tlin idllowing isomeride 
nitialion^of (a)-hromo-nap}itlialem' with fuming 
UNO, (1'5). Not 'attacked liy boiling witli 
aqueous NaOM. On oxidatioi’wilb dilute HNO3 
it gave a small quantity of (j)-iiitro-p}jtlialio 
acid (Merz a. AYeith, B. 15, 2710). 

Bromo-di-nitro-naphthalen e 
C,„II Br(NOj2. [ll'j ]. Tables or prisms. Formed 
as above. Notattacked by boiling aqueous NaOH. 
On oxidation witli dilute HNO , it gavc^ a little (u). 
nitro-phthalic acid ( Alerz a. Weith,P. 15,2710). 

* Bromo-tetra-nitro-naJphthaleno 
C,.,H.,Br(NO,),. [190°]. Ne. dles. S. (benzene 

at 18') 3*7. Formed by fiirtlier nitration of 
L)romo-di-nitro-naj)hthalono |170'J by heating 
\\ith a mixture of UNO, and 11. SO,. It dissolves 
ill caustic alkalis forming letra-nitro-naphtliol. 
NFT, converts it into totra-nilro-naphthyJaiiiine, 
ami aniline gives the ])henyl derivative of the 
latter. On oxidation with dilute HNO, it givas 





dl-nitro-phtha1ic aci^ [327®] (Mera a. Weith, JP, 

16,2712). 

B romo-tetra-nitro-naphthalene 

CioHaBr^NOa)^. [246®]. White glistening needles. 
Nearly insol. ordinary solvents. Formed by 
nitration of bromo-di-nitro-naphthaleno [143°] 
with a mixture of HNO, and ILSO,. It is at- 
tacked by alkalis with difliculty. NH., converts 
it into tctra-nitro-iiaphtliylamine and aniline 
gives the phenyl derivative of the latter. On 
oxidation with dilute HNO,, it gives di-rntro- 
phthalic acid [200 J (Merz a. Weith, B. 15, 
2718). 

Di-bron\p-iiitro-naplitlialene C,„TI,Br.,(NOo). 
[0G'5°-98"J. One of the products of action of 
13r on nitro-na|)hthalene. Small yellow needles 
(from alcohol) {Guarcsmii, A. 222, 280). 

Di-bromo -nitro -naphthalene 
C,„n,Br,(NO,) [1:4;V]. [ll(>-5n. %om (1,4)- 
di-bromo-naphthalene and IINOg (S.G. 1‘1) in 
tlie cold (John, BL [2] 28, 515). PCI, gives tri- 
bromo-naphthalene [8.5°]. 

Di-bromo-nitro-naphthalene C,„II.Bra(NO,J. 
[100°- 105°]. From di-hromo-naphthalcnc [68°] 
and UNO., (S.G. 1-4) (Canzoneri, G. 12, 427). 

Tri-bromo-di-nitro-naphthalene 
C,on 3 Br.,(N ()..).» From (1, 2, 4)-tri-bromo-naph- 
thalcno and fuming HNO., (Frager, B. 18, 2101). 

BROMO . NITRO - (a) - NAPHTHOIC ACID 
C.uHjBriNO.JCOaH [1:4:4']. [200°]. Formed by 
nitration of bromo-(a).nai)hthoic acid [24t)°]. 
Small yellowish prisms (from alcohol). Its am- 
monium salt forms glistening plates, el. sol. 
cold water (Ek strand, B. 10, 1135). 

BR0M0.NITR0.(a).NAPHTH0L | 

C,„H,Br(NO.,)(OH)[2;4:lj. [130°]. From (2, 4,1)- i 
bromo-nitro-acetyl-(a).naphthylaniine and cone. 
NaOH. Silky needles (from alcohol) ; oxidation 
gives phthalifi acid. 

Salt8.-C,„IL,Br(NO..)(ONa)aq : red needles. 
~(C,„n41r(NO.,)6)..15a3a(i. 

Methyl ether C,oH,Br(NO,)(OMe). [115°]. 
Palo yellow silky needles (Meldola/^0\ t/.^47, 407). 

Bromo-nitro-(a)-naphthol C,„n.Br(5?0.j)OII. 
[142°], From acetyl-bromo-(a)-naphthylaminc 
by nitration and saponilicalioii (Biudennanii a. 
llemmers, B. 7, 538). 

BR0M0-NITR0.(a)-NAPHTHYLAMINE 
C,oH,Br(NO,)(Nno) [2:4:1J. [107°]. From tlie 
acetyl derivative by dissolviiig in cone. II.BO., 
^d ppg. with wat(?;. Orange noodles; gives 
p^ithalic acid on oxidation (Meldola, C. J. 
47, 407 ; 43, 0). ' # * 

Acetyl derivative C,oH,Br(NO„)(NnAc). 
[22.5°]. From Wetyl-(o)-naplithy]aiuine by 
nitration and bromiuation. Pale ochreous 
needles. 

Bromo-nitro-(a)-naphthyfdmine 
C,„H,Br(NO,)(NIL) [4:2:1]. [200°]. From 

acetyl- (a)-bronio-{a)-naphthylamino by nitration 
and saponiticatioii (Eiebcrmanii a. Scheiding, 
A. 183, 258). OxidiS^'d by dilute HNO^ t(/ 
phthalic acid. Elimination of NIL gives bromo- 
nitro-naphthalene [132°]. Cone. HBrAq at 130° 
gives (1, 2, 4)-tri-bromo-naphtha1fno. 

Acetyl derivative C,ufIiBr{NO.J(NHAc). 
[232°]. 

DI-BROMO-NITRO-ORCIN C,H,Br..NO, i.e. 
C,MeBr,(NO,)(()ll),. [112°]. I’rom (fl)-iiitro- 
orcin and Br. Ycliow lamimu (from alcohol). — 


Ba{C,H 4 BrjjNOJa 2fiMi : ^ed needlea (Weaelaky^ 
7 , 444 ), 

BROMO-NITRO-o-OXY-BENZOIC ACID 

C«H,,Br(N02){OH)CO.,H [6:3:2:!]. BroinO-nitro- 
salicylic c^id. [176°]. Yellow needles. Formed 
by nitration of bromo-salicylic acid in acetic? 
acid solution. — A'Xaicaq : V. sol. water. — A'gBa: 

yellow needles. -0„H.^Br(NO.J<[^Q^^Ba2aq : 

red crystals.— C„H,Br(NO.)<^*^°-°>Pb : neatly 

insoluble pp. (Lellmann a. Grothmann, B. 17, 
2729). 

Bromo-nitro-o-oxy-benzoic acid 
C«H.,Br(NO,)(OH)CO.,n [3:5:2:!]. [222°]. Colour- 
less needles. V. sol. alcohol, ether, and hot. 
water. Fon'ied by broniination of nitro- sali- 
cylic acid in acetic acid solution. 

Salts. —A'o[la4aq : long yellow needles. — 
A'^Ca fiaq: yellow prisms (Lellmann a. Groth- 
mann, B. 17, 2724). 

Bromo-nitro-o-oxy -benzoic acid. Methyl 
derivative C,H.Br(NO,,)(OMe)(CO.,H). From, 
methyl bromo-isopropyl - phenyl oxide and 
UNO., (S.G. 1*3) (Poraloner, G. 10, 420). A di- 
bromo-nitro-o-oxy -benzoic acid is also formed. 

Bromo-nitro-p-oxy-benzoic acid. Methyl 
derivative CJLBr(NO.,)(OMe)(CO.,H) [1:3:2:5]. 
[182°]. Bromo^nitro-anlsic acid. Formed by 
nitrating bromo-anisic acid. 

Ethyl ether EtA'. [85°]: needles (Balbi- 
ano, G. 14, 241). 

DI-BROMO-DI-NITRO-DI-OXY-DI- PHENYL 
SULPHONE 

C,.JI.,Br.,N.,SO« i.e. (C„H,,(NO,,)(OH)Br).BO.,. 
[285°]. From di-nitro-di-oxy-di-phonyl sul- 
phone in CS.^ and Br (Annaheim, B. 0, COO). 
Yellowish needles. — C,^ll4Na.Br.,N.B08 2aq : 
orange needles. 

BROMO-NITEO-OXY- PIPERIDINE - »/ - CAR - 
, BOXYLIC ETHER 0,n,(Br)(NO.,)(OII)N.CO,Et 
i [157°]. Colourless i>risms ; sol. alcohol. Formed 
by f ho action of Br in HOAc on nitro- dehydro- 
l)ip(!ridine-i'-carboxylic ether (Sciiottcn, B, 10, 
010 ). 

BROMO-NITRO-PHENANTHRENE v. PiiEN- 

ANTIIUKNK. 

BKOMO-o-NlTRO-PHENOL 
C.,H:,Br(NOJ(01I) [1;-1:3J. [44°]. Formed, to- 
gether with the following body [83 '] by boiling 
(I, 3, 4)-bromo-di-nitro-bon/.cne with aqueous 
JvOH (Laubenheimer, B. 11, 1100). Prisms; 
volatile with steam. — NaA': scarlet needles.— 
BaA'._j aq : red needles, si. sol. water. — CaA '2 2aq. 

. AgA'. 

Bromo - o - nitro - phenol C8ll3Br(N02)(0H) 
[1:3:.IJ. [88°]. 

Eornuition, — 1. From p-bromo-phenol and 
UNO., (Hubner a. Bionkeii, B. 0, 170; Korner, 
G. 4, 388). — 2. From o-nitro-phonol (45g.) and 
Br (52g.) (Brimck, Z. 18/57 , 203).— 3. From 
bromo-(li-nitro-pj[ienol {v. sup.). 

Properties. — Jccilow monoclinic laminca (from 
alcohjl) a;6:(; = 2 041:l:1025. j8^04°2'(Arzruni, 
Z. Kryst. 1, 430) ; may bo sublimed ; v. sol. 
alcohol and ether, sliglitly volatile with steam. 
Keduced by Sn and HCl to bromo-amido-phonol 
(Schiitt, /. 2 >r. [2] 32,61). 

Salts. —Nu(C^H 3 BrN 03 ) : red needles with 
gold{3n-grecn lustre, v. sol. watew. — KA' 2aq,-. 
BaA'..— AgA'. 



BROMO-NITRO-PHENOL. 


Methyl ether CJI,Br(N02j0Me. [88®]. 
From the silver salt and Mel by boiling; or from 
the potassium salt, MeOH and Mel at 110®. 
Needles. V, sol. hot alcohol or hot ether, v. si. 
sol. water (Staedol, A. 217, 55; B. 11, 1750). 

Ethyl C,H,Br(NO,)Or:t. f13^) (S.); 

[47®] (H.). From the potassium salt, Fjtl and 
alcohol at 100®. Formed also by nitrating o- 
bromo-phenetol. 

Benzyl derivative 

CgH3Br(N0.J(00;H,). [81®J. Yellow needles. 

Insol. water, v. sol. alcoliol and glacial acetic 
acid, si. sol. benzene, etlier or chloroform (Boll 
a. Holz, J, pr. [2] 32, 57). Beduuedto bromo- 
amido-i^enol, when treated with Sn and IICl, 
benzyl chloride splitting off. 

Bromo-m-nitro-phenol ri,,(Br ) (X ()..) (( )II) 

[?:3:1]. [147®] (L.) ; 1.110^1 (P.). Prepared by bro- 
mination of ?/4-nitro-pheiiol (Pfaff, JJ. 10,012; 
Lindner, B. 18, 012). Yellow needles. Sublim- 
able. SI. sol. hot water, CS. and petroleum- 
ether, insol. cold water. On reduction with tin 
•and UCl it gives ;a-amido-phenol, the Br atom 
being eliminated. — KA' 2aq : red crystals, sol. 
water and alcohol.- Na^t' aq : yellowish -red 
crystals, sol. water and alcohol. — llaA'. laq. 

Methyl ether A'Me : flOpJ; white 
noodles, v. sol. alcohol and ether, on reduction 
with tin and HCl it gives ;a-anisidino. 

Ethyl ether EtA'. [57®J : i)risms. 

Broiho-jp-nitro-phenol C.dl^Br ( XO._.) (Oil) 

[1:3:0]. [102'^]. Formed by brominating p- 

nitro-phonol (Brunck, Z. 1807, 201). ,Satiny 
needles (from ether or alcohol) ; m. sol. water. — 
Ba(C„H 3 BrNO 3 )a 0 aq : orange needles, m. sol. 
water. 

Methyl ether MeA'. [100°].. From the 
potassium salt, Mel and MeOH at 110®. White 
needles (from alcohol). V. sol. hot alcohol or 
ether, m. sol. hot water (StaLMlel, A. 217, 00). 

Ethyl ether EtA'. LU8-'J(S.); [55®] (H.). 
Formed like tlio precu'ding (8.). From j(;-niti o- 
phenetol and Br (Uallocli, IJ. 14, 37). Yellow 
needles (from alcohol). V. sol. alcohol or ether. 

Benzyl ether C„iyh(N0,)(00,H,). [120®]. 
Nearly colourless plates (froju alcohol). Insol. 
water, sol. alcohol and etlier (11. a. H.). Beduced 
by Sn and IICl to bromo-p-aniiilo phenol and 

c,n;Ci. 

Bromo-di-nitro-phenol C^H.,Br(NO.,).,(()II) 
[1;3:6:4]. [80--] (K.) ; [71°] (Austen) ;“ [70 

(Armstrong). Formed by nitrating />bromo- 
phenol in HOAe, or by brominating and nitrat- 
ing o-nitro-phenol (Korner, A. 137, 205 ; Arm- 
strong a. Prevost, B. 7, 022). Forme<i also by 
brominating di-nitro-plic nol [0-1 °J (Kiirner, G. 
4, 305); and by boiling di-nitrated ^>di-broino- 
benzene wuth aqueous KXO.^ (Austen, Am. S. [3] 
1C, 40). Yellow monoclinic nrisms, a:b:c — 
2-795:l:l'778 ; /8 = 07^53' (Aim-uni, loe. ciL). 

Water and Br at 100® tdiango it»into the iso- 
meride [118®] (Armstrong, C. J. 28, 520). HISyDa 
forms picric acid. 

Salts. — NHjA': silky red needles ; sol. boil- 
ing water and alcohol. - Nll,A'aq. -BaA'.^ : yel- 
low needles, sol. hot water.- CuA'.^ : rhort brown 
needles, insol. water. — KA' : long red needles, si. 
Bol. water. — AgA'.— - CaA'j Baep 

Ethyl ether EtA' [00®]: small needles, 
Bol. alcohol and hot water ; saponified by cold 

VoL. I. 


50S 

NaOHAq (Schoonmaker a# Van Mater, Am, 8, 
187). 

Bromo-di-nitro^phenol CflH.,Br(NO.).(OII). 
[91*5®]. Formed by nitrating va-bromo-p'lieuol, 
and also from di-bromo-di-iiitro-plienol [117®] 
and boiling aqueous KOH (Kiiriier, (L 1, 305). 
Prisms (from alcohol or etlier). The K salt 
forms yellow needles. 

Methyl cf/icr MeA' [109 j. 

B^’omo - di - nitio - phenol 0, 1 r..Br(NO.,)..Ori 
[1:3:5;0J. [118®J. • 

Eormallon . — 1. From (1 , 3, l)-di-nitro phenol 
and Br (Laurent, Rev. Srient. 0, 0)5). -2. By 
nitrating o-bromo-plienol (Korner, r/.* I, 391). — 
3. From o-nitro-plienol , by broniination and 
nitration. — 4. By boiling bmmo-di-nitro-aniline 
[111®] with aqueous KOll (Konier). — 5. By 
nitratiug br^minated phenol disulphonic acid or 
di-bromiiiated phenol jo-sulpliouic acid (Arm- 
strong a. Brown, (J. J. 25, 8(‘»1, 8ti5). — 0. By 
warming the isomeridc [c. 7C®J with Br and 
water (Armstrong, 0. J. 28, 520). -7. From 
picric acid, waiter, and Br (Armstrong, />. C, 050). 
8. By nitrating tri-hromo-phenol (.Vrm strong a. 
Harrow, G. J. 29, 477), — 9. From Inomoniitro- 
benzyl-phenol in HOAc by UNO., : benzyl being 
displaced by XO.^ (Bennie, C. J. 11, 225). 

Properties . — Yellow prisms. Needles (from 
alcohol). 

{Salts. — K.-V'aq : tlat yellow needles, si. sol. 
cold water. — KA'l^aq. J»aA./ 3.ia(i. BaA'._, luq. 

— BaA'^ 5aq ; yellow needles, si. sol. water.- -- 
— CaA'., 7a(i. — CaA'.^j baep - - Ca.V^ 12jiq. — 
Nil, A' 2aq.— Na.V I laq.- PbA', 2.np 

Methyl ether MeA'. [48°J. I’rom broino- 
anisic acid and UNO.,. Yellow prisms, sol. ahs)- 
hol and other, insul. water (Balbiano, G. 14,235). 

Di-bromo-o-nitro-phenol CHJ .Br,(NOA(OH) 
L1:3:5:0J. [117-5®]. ‘ ‘ 

Eorvuilion. — 1. From o-nitm-plienol and Br 
(Brinick, Z. 1807, 203 ; Korner).— 2. From 
(l,3,4,)-ili-lnoino-phenol by nitration (K.). — 3. 
By nitrating di-bromo-plienol sulphonio acid 
(Armstrong a. Brown, G. J. 25, 803). 

Hro/avfA’.s.— Golden monocliiiic ju isms (from 
alcohol); n:6:c = •515:1:'591 ; (.Arz- 

! rnni, Krj/sL 1, 430). Volatile witli steam; 
inay be sublime<l ; v. si. sol. water. Heated 
witli bromine at 100® it gives some of tlie iso- 
merido [1 11®] together with t. tra-hromo-quiuone 
and (l,3,0)-bromo-nitro-plienol (Ling, G. J. 51, ‘ 
117). • , 

.Suit. — KA' : scarlet needles, v. si. sol. cold 
Avatcr. ' 

Methyl ether McA'. [77®]. From the 
silver salt and Mel ; aI(3ohol c NH, eonvmls it 
inlodi-bromo-nitro-ai tlirio [127°J wlieiico UNO., 
gives di-brorao-nitro-benzeno [105® | (K.). 

E Ihyl ether EtA'. [40®]. From the silver 
salt, Etl and alcohol a« 100' (Stacdid, A. 217, 
58). V. sol. benzene, alci^iol or ether, insol. 
water. 

Benzyl ether C„HJ3r.^(NO.J(OC,H.). [65®]. 
Yellow crystals (from ether). * Sol. benzene, 
chloroform, and glacial acetic acid, irisol. w-ater 
(11. a. H., J,pr. [2J 32, 57). Beduced by Sn and 
IICl to di-bromo-amido- phenol and benzyl 
chloride. 

Di-broino-77i-nitro-phenol C JIaBr 2 (NO,,) OH . 
[91°]. Formed by heating ?7i-nitro-phenol (1 

QQ 
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mol.) with bromine f2 mola.). Yellowish plates. 
V. flol. alcohol, si. sol. water. 

Salts. — KA'aq: easily soluble orange-red 
needles. — AgA' : 8i)aringly soluble red powder. — 
33aA',6aq ; very soluble rod noodles. 

Ethyl ether C,.H,nr,(NO,)()Et: [110°]: 
yellowish needles, sol. hot alcohol (Lindner, B. 
18, GDI). 

' Di-bromop-nitro-phenol CJI,.Br._.(NO.j)(OII) 
[1:;>:.'{:G]. [112°] (Lcllrnann a. GrothmaUn, B. 

17, 27:11). 

Formation. — 1. By broininating p-nitro- 
phonol or its snlphonic acid (Dniuck, Z. 1807, 
201; Post a. Brackobusch, ^4. 205, 01). 2. By 

nitrating tri^broino-plionol dissolved in 110 .\o 
(Armstrong a. Harrow, loc. ci/,).— 3. In small 
quantity by heating the isomeridc [117°] with 
Br (Ling, C. J. 51, 117). 

Propoiies. — Prisms, si. sol. water, v. sol. 
alcohol and ether. 

S a 1 1. -BaA'.j 10 aq : yellow needles, elTervos- 
oing to a red powder. BaA',3.\aq. — AgA'. 

Methyl ether Me A': [I'i.'l'^J (Kor-ncr, Ct. 4, 
300). I’rom di-bromo-anisic acid and HN'0.„ 
the COJf heing displaced by NO^ (Balbiano, (7. 
11, 0). J^yramidal needles; converted by NH3 
into di-bromo-p-nitro-aniline [203'']. 

Ethyl ether [108°]. Long quadratic 
columns (Stacdel, A, 217, 07). 

Benzyl ether CJI,Br,(NO,)(OCJg. [01°]. 
Nearly eolourless needles (from aleobol). liisol. 
v.atcr, si. sol. alcohol, ether, benzene, chloro- 
form, and glacial acetic acid (11. a. H.). Ileduccd 
by Sii and llCl to di-bromo-p-amido-plienol (7. u.) 
and benzyl chloride. 

Tri-bronio-nitro-phenol C,iHnr.,(NO .).OTl 
[():4:2:3;1].[85°] (L.) ; [80°J (D.). Pormed by heat- 
ing w-nitro-phenol with Br (3 mols.) at 100° 
(Lindner, B. 18, 014). Colourless crystalline 
powder ; v. sol. alcohol, other, and benzene, v. 
si. sol. hot water. 

Salts. —A'NH, : sparingly^, soluhlo micro- 
scopic needles.— Alvacp V. sol.water.-^/'A'.Br 8aq: 
sparingly soluble orange-5’elUnv crystals. — 
A'.dJaaq. — x\'.Algx : cfii-.ily soluble red plates. 

0 - N i t ro -benzoyl der i va live 
C,HBr3(NO,)O.CO.C,'ir,(NOJ: [120^ cor.]; very 
small colourless needles. 

in-Nitro-benzo 7 1 derivative 
C,HBr3(NO.JO.CO.C,H,(NO,): [154° cor.]; glis- 
* telling colourless needles; S. (UO p.c. alcohol) 
•253 at 14° (Daccomo, B. 18, 1107). 

Ethyl ether EtA': [70°]; prisms. 

BROMO-NI'^RO-PHENOL SULPHONIC ACIQ 
G«H,BrNSO«i.c.‘C,H,Br(NO,)(OTT)S(LlI[l:3;0:5]. 
Formed, togetlier with dl-brorno-nitro-phenol, 
by brominating (1,4, 3)-iiitro-phenol sulplionic 
acid(Posta.Braekebuseli, .4.205,02). — CaA'-,3aq. 
— BaA', 3aq.-CJI,BrNSO,(PbOH)., 2Liq. 

Bromo-plienol sulphonic acids liave been 
obtained by Armstrong (C. J. 25, 857 ; B. 
7, 404, 024) and Posi! (R 7, 160) by the action of 
nitric acid on various brominated phenol suD 
phonic acids, and by the action of bromine on 
(1, 2, 5) -nitio-pbenol siilplmnic acid. 

BaOMO-NITKO-DIPHENYL C,..II,BrNO.. U. 
[4:1] C,H,Br.C,H,(NO..) [1:4]. [173°j. (above 

300°). Formed by heating diphenyl (1 pt.) with 
cone. HXO, (I pt.), or from amido-nitro-diphenyl 
by the diazo- reaction (Schultz, A. 174, 218). 
Long white needles (from toluene). CrO, gives 


p-bromo-benzoic acid and a Httlo^-nitro-benzolo 
acid. 

Bromo-nitro-dlphenyl CjjHoBrNOa t.e. 

[4:1] C„H^Br.C,H,(NO.,) [1;2J. [65°]. (c. 360°). 
Formed together with the preceding. Monoclinio 
columns. CrOj gives p-bromo-benzoio acid 
(Schultz, A. 207, 348). 

Di-bromo-nitro -diphenyl 
C,,ir,Br.CJl3Br(NO.,). [127°]. Formed by nitra- 
tion of di-bromo-diphenyl in acetic acid solution 
(Lcllrnann, B, 15, 2837). Yellowish crystals; 
V. sol. alcohol, benzene, and acetic acid. 

Di-brorao-di-nitro-diphenyl C,2H„Br2(NOa)2, 
From pp-di-bromo-diphenyl and fuming HNO., 
(Fittig, A. 132, 200; S.). Ilair-like'^’ crystals 
(froju benzene). Sii and KCl give di-bromo-di- 
amido-diphcnyl [80°]. 

Di-brorao-tri-nitro-diphenyl 
C«H3Br(NO,).CJl2Br(NO..)... [177°]. Formed by 
nitration of di-bromo-diplicnyl with cold fuming 
HNO3 (1-55) (Lclhiiann, B. 15, 28.38). Small 
colourless needles. Sol. benzene, si. sol. alcohol. 

BROMO-NITRO-PHENYL ACETIC ACID 
C..ILBr(NO..)CII,CO.JI [1:2:4]. [114°]. Formed 
by nitration of a mixture of 0 - and p-bromo- 
phonyl-acetic acids (Bedson, G. J. 37, 97). Flat 
greoiiish-yellow needles, yd. hot, insol. cold 
water. V. sol. alcohol and ether. K .CraO, and 
H2SO, give C,IIBr(NO,,)CO..H [H)0°]. “ 

Salts. — BaA'a aip Its aipieous solution gives 
white pps. with AgNOj, rb(OAc).2, and a blue 
pp. witli Cu(OAc). 2. 

Methyl ether. McA'. [41°J. Needles. 

Ethyl ether. Oil. 

(a)-Broino-nitro-phcnyl-acctic acid 
CJI:,! h(NO_,)CI r...C0.2lI. [100°]. Formed by 

nitration of. mixture of 0- and p-bromo-phenyl* 
acetic acids (Bedson). Yellowish -white, branch- 
ing needles. V. sol. alcohol and ether, insol. 
cold, sol. hot water, 

y alt.— BaA',,4iiq. Its aqueous solution gives 
white pps. with AgNOs and Pb(OAc)2, but £1 
green pp. \vitli Cu(OAc)2. 

Methyl ether Flat needles. 

Ethyl ether. Ycltowish iiendles, 

(j8)-B romo-nitro-phenyl-acetic acid 
C,Il3Br(N0..)CU...C0 .11. [102°]. Formed togo- 
ther with tlie two prccciling (Bedson), Small 
yellow prisms. 

BROMO-DI-NITRO.DI-PHENYL-AMINE 

C,..H„BrN,0,i<?.C,Tl2Br(N0.2)2.N II.CJI,. Plmiyh 
bromo-iiitro-phenyl-amine. [120°J. Formed by 
w'arming hrorno-di-nitro-beiizene [100°] with 
aniline (Austen, B. 9, 920). Orange hair-like 
needles (from alcohol). 

Bromo-di-nitro-di-phenyl-amine 
C,H,Br.NH.C,H3(NO,.).3. Bromo-phcnyl-di-nitro- 
phenyl-amine. [153°]. From (1, 2, 4)-bromo- 
di nitro-benzene and di-p-bromo-di-phcnyl-urea 
at 170°. Yellow needletJ (from ether) (Willge- 
rodt, B. 11, 6P:0- 

,,Bromo-tri.iiitro-di-phonyl-amine 
C,H..Br(N02)2.NH.C«H,N0 [158°]. From bromo- 
di-nitro-di-phenyl-amine [120°] and HNO, (A.), 

Di-bromo-di-nitro-di-phenyl-aniine 
C,2H,Br2(NO.,)2N. [190°]. Formed by bromina- 
tion of di-nilro-di-plionyl-amino (Leymann, B, 
15, 1230). 

Dibromo-tetra-nitro-di-phenyl-amine 
C,Il2Br(N0.3)a.NH.0.H^r(N03)y [236°-242°J. 
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Prom NMe(0«H2Br5)(0rtH^Br) and HNO,(Gnehm, 

B. 8, 929). Laminaa (from HOAc). 
Tri-bromo-di-nitro-di-phenyl-amine 

0,jHgBr,(N0;j)aN. [210"^]. Formed by nitrating 
tetra - bromo - di - phenyl - amine (C^H^Er J.jNH 
(Gnehm a. Wysa, B. 10, l.‘i23). 

BROMO-NITRO-PHENYL BENZYL OXIDE 
O. Bkomo-nitko- PHENOL, IJcn.Ti/l cAher. 

DI - BROMO - NITRO- PHENYL -GARB AMIC 
ACID. Methyl ether 
[1:3:4] C«H,Br,(NO,).NII.CO,Mc. [152% From 
methyl-(l,3,l).di-bromo-phenyl-curbamato and 
HNO3 (Hentschcl, J. pr. [2J 31, 42')). Prisma 
(from alcohol). NTT3 forma (1 ,3,l)-Lli-bronio- 
anilinc. 

BROMO-NITRO-m-PHENYLENE -DIAMINE 

C^H^IirN^O, i.e. C,H,Br(NO,)(Nn,), [1:2:3:51. 
From tri-bromo-niLro-ben/ono and alcoholic NIT., 
for some days at 175 ' (Koriicr, G. 1). Oranj^c 
needles ; decomposes at 103"’. Converted into 
2>bromo-bcn'/one by the diazo- reaction. 
Broiiio-nitro-2J-phenylcne-diamiiie 

C, H_Br(NO,)(NIl.,), [1:1:2:5]. [loO-^J. From tri- 
bromo-nitrodanizenc [94'-’j and alcoholic NIT, at 
110® (TCornor, G. 4). Pyramidal needles. Con- 
verted by diazo- reaction into 7)-bromo-bonzeno. 

BROMO - NITRO - PHENYL - ETHANE v. 
BnoMO-Nuno 1. riivL nnNZP.NE. 

Di-bromo-di-nitro-6-di-phenyl-etliane 
C,H^(NO.,).Clilir.CHDr.C,H,.NO.,. [above 300®]. 
Di’bronddG of dip-}iiAro-stilhcne. Split up by 
heat into 21inr and di-iiitro-tolano (J:’,lba a. 
Bauer, J. jn'. [2] 31, 315). 

Di-bromo-di-nitro-.s-di-phenyl-ethane 
OnH,„Bi\,(N O.J.j. J)i ■ hwmo-d i-n Uro-di-bcn^yl, 

[205'^]. 'Formed by nitratiii" di-;)-bionio-<li- 
bonzyl (Fitii;.; a. Stellin;j, A. 137, 2d0). Sword- 
shaped crystal.- (from benzene). 

BROMO-NITRO-PHENYL ETHYL OXIDE v. 
Ei/l?/Z-BKOMO-Nn'llO-I>HKNOL. 

aa-DI - BROMO - am - DI-NITRO ■ c; - PHEN YL- 
METHYL-CARBINOL. 

Ethyl ether CBr.,(NO.,).CIT(CJI,NO.,).OFt. 
[99®]. — !. From the compound of alcohol with 
a77t-di-nitro-cinnamic other {q.v.) by simultaneous 
treatment with a(picons NaOII and Br (Filcd- 
liindcr a. Lazarus, yl. *221), 237). — 2. P’rom w ui- 
di-nitro-styrene, alcohol, aqueous NaOHandBr, 
White plates (from dilute alcohol). Insoluble 
in aqueous NaOll. 

Methyl ether Cllr.,{NO.J.Cir(C,lJ,NOjO;\re. 
[146°]. Formed in a similar way from the com- 
pound of methyl alcohol with the same body, or 
from tti-7a'di'nitio-styrenp, mctliyl alcoliol, Bi\ 
and aqueous NaOlI. White. ]>lates. 

BROMO - NITRO - PHENYL - METHYL- 
ketone i\ Bromo :aTao-ACEToi*iiEN«>NF. 

S BROMO o-NiT30-i3.PHENYL-PR0PI0NIC 
CJI,(13r)(NO.,)C,4r,.CO.,ll [4:2:1]. Broiuo- 
nitro-hydroeimuimic acid. [Il2 ]. I’rcj'ared by 
the action of IIBr on tim dinzo-fompouml from 
p-amido-o-nitro-hydrocinnamic acid. For^icd 
togetlier with the (4,3,l)-isoincridc by nitration 
of p-bromo-hydroeiiinamic acid. Flat feathery 
crystals. By reduction wdth tin and JJCl it 
gives p - bromo - hydrocai bostyril (Cabriel a. 
Zimmermann, B. 13, 1682). 

«-Bromo-7/Miitro-/3-phenyl-propioiiic acid 
0«H3(Br)(NO.J.03H^.CO.JI [4:3:1]. [90 ’-95°]. 

l^ug glistening needles. Prepared as above. 
On reduction with tin and HCl it gives ^J-bromo- 


w-amido-hydroqjnnaraio acicl (Gabriel a. Zira- 
mermann, J3. 13, 1683). 

B-Bromo-o-nitro-^-phenyl-propionic acid 
C,,H,(NO,).CHBr.CH,.CO.JI. [140°]. From o- 
nitro-cinnamic acid, lIOAc, and IIBr at 100° 
(Binhorn, B. 16, 2208). l^Ionoclinio crystals; 
v. sol. ordinary solvents, si. sol. benzene. 

Reaction^.— 1. BoiLincj water forms indoTryl. 
2. l^iiOllAq forms nitro-cinnamic acid.— 3. Cold 
Na-.COgAq forms tlje lactone of o-nitro-jS-oxy- 
phonyl-propionic acid. — 4. Hot Na/'0,Aq gives 
nitro cinnamic acid, nitro-oxy-plicnyl-propionio 
acid, and o-nitro-styrene. 

0 -Bromo- 7;i-nitro -/3- phenyl - pronionic acid 
C,n,(NO.,).CHIh^CH,.COJI. [96 'j. Pre.i)ared by 
heating an acetic acid solution of >n-nitro-cin- 
namic acid with IlPr at 100’. V. sol. alcohol, 
si. sol. toUiUio, iusol. petroleum-ether. 

Reactions. — 1. By boiling witli water it 
chiefly gives 77j-nitro-styrcnc. -- 2. An excess of 
alkali converts it back into 777-nil ro-ciiinamic 
acid. — 3. By adding the powdercil sicid to an 
aqueous solution of }, mol. of NaXh.),, it yields 
30 p.c. of 7;/.-nitro-styreue, 20 p.c. of ?;i-iiitro- 
cinnamic acid, and 10 i).c. of 77t-nitr()-^-oxy-i9- 
phcnyl-prop ionic acid. If the powdcu’cd acid is 
nddotl to a cohl solution of NiuCOa the ^-lactone 
i.s formed (Prausiiitz, B. 17, 595). 

^-Bromo-/7-nitro-phenyl-propioiiic acid 
C„H,(N().,).CiiPr.CH,,.C(UI. [172 ]. Pro])areaby 
heating p-nitro cinnamic ether with IIBr at 
100’. Prisms; sol. hot alcoliol, si. sol. water 
and benzene. 

Reactions, — 1. Long boiling with dilute 
ILSO, (25 p.c.) reconverts it into ^^-nitro* 
cinnamic acid,— 2. Heatod with water it yields 
27-nitro-/3-oxy-phenyl-propionic acid (72 p.c.) and 
jp-nitro-styrene (28 p. c.).— 3. Cold aqueous KOH 
gives p-nitro-oxy-phenyl-projiionic acid anil its 
lactone. Alcoholic KOll yields almost i ntiroly 
2>-nilro-ciiii!amic acid.— 1. Aqueous Nil., yields 
the lucto?'e which by excess of Nil., is converted 
into the corros])onding nmido- acid. 

Ethyl ether ABt. [81°]; coloui loss plates 
(Basler, B. 16, 3001). 

Di-bromo-o-nitro- phenyl-propionic acid 
CJl,(NO.,)CHBr.CHBr.CO.JT. Dihromide. of o- 
7iitro-cinnainic acid. [c. 180 ’]. From Br and 
o-nitro-ciiinamic acid (Baeycr, B. 13, 2257). 
Needles or plates; sol. hei water. NaOTIAq 
gives o-nitro-phenyl-propioJio acid. Zinc-dust 
and NaOirgiv - indoL;. 

Methyl ether Mo A'. [09*]. 

Ethyl a I her J'it.V. [7i° uncor.] (M.) 
From o-nitro-einiiamic ellior and Br (Muller, A. 
212, 130). Alcoholic KOH converts it into o- 
nilro-phenyl-propiohc acid. Healed with water 
at 120 ' it gives o-nitro cinnamic acid. 

Di-bromo-p-nitro-;..iienyl-propionic acid 
CJI,(NO.,)CHBr.Cl { Ur.CO.dl. [2 1 8 From p- 
i^tro-cinnamic acid and tfr (Drewson, A. 212, 
151). Rhombic prisms (from glacial HOAc). 
M. sol. waiter or glacial HOAc, v. sol. alcohol or 
ether, si. sol. benzene, v. si. sol. benzoline. 
Aqueous NaOII forms p-nitro- cinnamic and p- 
nitro-phenyl-propiolic acids. — CaA'^. 

Ethyl ether KtA'. [111°]. Fromp-nitro* 
cinnamic ether and Br in CS.^ (0. L. Muller, A, 
212, 129). Columns (from CSj ; v. sol. hot al- 
cohol, ether, or benzoline. Alcoholic KOH con- 
verts it into a mixture of two isomeric bromo-p- 
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nitro-oinnamio etbets, and jp-nitro-phenyl-|)ro- 
piolic acid. Heated with water at 120'* it gives 
p-nitro-cinnamio acid. 

BROMO-NITRO-PHTHALIC ACID 

C8H.Rr(N02)(C0.Jl)2 [1:4:‘2:3]. From di-bromo- 
naplithiilone [82'^] and UNO,. — Na A" (Guares- 
chi, yL 222, 277). 

c «.BROMO-a,-NITRO-PROPANE 
CH3.cn., .CHBr(NO,). (c. 160"). Formad to- 
gether with di-broiiio-nitro-fn*oj)ano by the action 
of potash and I3r on nitio-propane (V. Meyer a. 
Tsclierniak, A, 180, 110). Oil, sol. pota.sh. 

a-Brobio-a-nitro-propane CH.,.C13r(NO.,).CII.,. 
(150"). Froi.iCH3.ClI(NO.,).CH3. In sol. potash. 

Di-brorao-nitro-prdpano" CIL,.Cll,CBr.,(NO,). 
(181°-18()'-'). From bronio-nitro-propane,Br,and 
potash. An oil, insol. potash. 

TEI-BROMO DI-NITRO PROPIONIC ACID 
C3HTlr3N.,0,j i.fi. ClJr^.CiNO.,).,. CO, il. From tri- 
bromo-phloroglucin and cone. IINO3 (Bonedikt, 
A. 184, 265). Silky scales, insol. cold water, 
V. e. sol. alcohol and ether; decomposed by boil- 
ing water. 

BROMO . NITRO - PROPYL - BENZENE v. 

Bkomo-nituo-cumkne. 

BR0M0-NITR0-PR0PYL-PHEN0Lt;.BBOMO- 

CDMKNOL. 

DI-BROMO-DI-NITRO-PYRROL 

CBr:C(NO,.)v 

04HBr.N304 U | ‘ >NH. [169°]. 

CBr:C(NO.,)/ 

Formed by dissolving di-bromo-nitro-pyrryl 
methyl ketono [206°] in a mixture of fuming 
HNO3 and cone. H.,SO, at —18", and precipita- 
ting in water. Silky leallets (containing aq). At [ 
the ordinary temperature it is converted into di- | 
bromo-maloimide (Ciamiciaii a. Silbor, 7>‘. 20, i 
699; (h 17, 202). ^ 

DI-BROMO-NITRO-PYRRYL METHYL KE- 
CBriCiNO.,) 

TONE I >NH . [20G°]r Long needles. 

CBnC-CO.CHa v 

Formed by the action of cold nitric acid 
upon di-ljronio-pyrryleiic-di-melhvl-di-ketono 
CBr:C— CO.ClIg 

I >NH , [171°], which is formed by 
CBr:C CO.CH3 

passing bromine-vapour into pyrrylonc di-methyl 
di-ketonn (C-ianiicv,in a. Silber, B. 20, 600). 

Di-bromo-nitro-pyrryl nitthyl ketone 
CBr ; CBr ^ 

I >NTT . [175°]. Piom nitro-pyrryl 

C(N0,,):C-C0|0H3 

methyl ketone [J07°] and Br. Needles. 

BR0M0-NITR(VQUIN0LINEa,H,N(Br)(NO2) 


Di-bromo-nitro-resoroin C^HjBrjNO^ i.e% 
C,HBr.,(N02)(0H)3. [147°]. From (1, 2, 4).nitro. 
resorcin [115°] in ether and Br (Wesclsky, A* 
164, 7). Golden lamina). — Ba(0ttH.,Br2NO4)2 4aq. 

FAhyl ether OoHBr2(NO.J (OE t) (01 1) 

[1:5:3:2:G]. [69°J. From ethyl nitro-rcsorciu and 
Br (W.). 

Di-bromo-nitro-resor cin C JIBr.,(N Oj) (OH), 
[1;3:5:4;6]. [117°]. From (1, 2, 0)-nitro-rcsorcin 
I and Br (W.). 

Bromo-di-nitro-resorcin C,jHBr(NO.J.^(OH)2. 
[193"]. Formed by nitrating di-bromo-nitroso- 
resorcin or by brominating di-nitro-rcsorcin 
i (Fevre, Bl. [2] 30, 500 ; C. li. 96, 790 ; Typke, 

' B. 16, 555). Orange needles ; si. sol. boiling 
alcohol. - K. A" ',aq: red needles. — Na„A"2aq. — 

I BaA"3aq.--(Nli,),A"aq. 
j Acetyl derivative i [135"]; prisms. 

I BROMO-NITRO-SALICYLIC ACiD v. Bnoaio- 

N IT Ko- ox y - n n N ( lie acid. 

DI-BKOMO-NITROSO-RESORCIN 
■ C,IIBr,j(NO)(OJI)2. From nitroso-resorcin and 
I Br (Fevre, Bl, [2] 30, 501). Yellowish needles 
I (containing 2aq) whhdi turn brown at 138 ' and 
I decompose at 150'^ ; insol. benzene, si. Bol. cold 
water, v. e. sol. alcohol. 

BROMO-NITROSO-THYMOL 
C,iITMeBrBr(NO)(OH). [c. 135®]. Fromnitroso- 
thymeno ami Ur (Maz/.uraa.Descalzo, CV.I6,190). 

BROMO-NITRO-STYRENE Bh.CBriCHNO,, 
[68 ’]. From <li-bromo-nitro-xdienyl- ethane 
riiCUrll.CHBrNtl^ and aqueous NaOlI (Priebs, 
A, 2'25y 313). Golden needles or plates (from 
light xietroleum). Smells something like hay; 
when freshly x)pd. from alcoholic solution by 
water it is soluble in alkalis, Ikmicc its consti- 
tution is as above, rather than PJi.Cli:CBr{NO.J. 

DI-BROMO-DI-NITRO-THIOPIIENE 
0,SBr,(NO.,).,. [134°]. Jhght-yc'llow crystals, 

i V. sol. hot alcohol. Formed by nilj aliou of di- 
; or tri-bromo-thlophene (Krei:;, B, 17, 2074; 

.No.seiil)erg, /?. 18, 3029). 
i TRI-BROMO-NITRO-THIOPHENE 
I C,8Br.,(NO.,). [106°]. Formed by nitration o! 
: tri-bromo-thiojihene. Felled yellow needles. V. 
j sol. ether, sh sol. alcohol (l(osonbcrg,B. 18,3028). 
I BROMO-NITRO-THYMOL 
I CVflMePrl>r(NOo)t011). [101°]. From bromo- 
. iiitroso-tliymol and K,,FeCy,; (i\Iazzara,G. 10, 196). 
I BROMO-NITRO-TOLUENE 
j C,H.,Mc(NO.JBr [1:2:3]. Oil. P’rom bromo-nitro- 
' ?a-toluidino by Jiitrous gas and alcohol (Nevile 
a. ^Vitlthc^, C. J. 37, 630). 

I Bromo-nitro-toluene 0^1I.,i\rc(NO.JBr [1:3:4]. 
I [32"]. (256' ). 8.G. -- l-Odl. From the corre- 
: sxiondingnilro-toluidino by the diazo-porbromide 


[133°]. Formed by nitraVon of bromo-quinolinc. i reaction (Aevilo a. AVintlier, C. J. 37, 442). 


Long glistening needles. Volatile undecom- j p’ormed also by nitrating p-broiiio- toluene 


posed. Sol. alcohol and ether, si. sol. water. ! (Wroblcwsky, A. 168, 176) and by treating wi- 
Wcak base. -B'.dloCljPtCl , : short orange-yellow : nitro-tolueiio with Br and P’cBi’o at 70° (Scheu- 
prisms (La Costo, jj. 15, 1918). foleii, A. 231,JL80). 

DI-BROMO-NITRO-QDINONE ' Bromo-nitro-toluene CJl3^rc(N02)Br [1:2:4], 

C«HBr2(N02)02[6:2:3:4:l].[24G°J. Yellow plates ; [45°]. (257°). From the coiTesponding nitro- 
V. si. sol. hot water and cold alcohol. Formed toluidine [78°J by the diazo-perbromide reaction 
by the action of a mixture of IINO3 and ILSO^ (Beilstcin a. Kuhlberg, A. 158, 340 ; Nevile a. 
upon the propionyl derivative of tri-bromo- Winther, C. J. 37, 441). Formed also, together 
I)henol (Guarcschi a. Daccoino, B. 18, 1174). with the preceding, by nitrating jp-bromo-toluene 

BROMO-NITRO-RESORCIN Ethyl ether (W.). Large monoclinic tables. 
CJl,Br(NO,)(OH)(OEt). [114°]. From ethyl Bromo-nitro-toluene C,H3^re(N02)Br 
(1, 2, 4)-nitro-resorcin and Br (Wesclsky, AT. [1:2 or 6: 3]. [65°]. (207°). P’ormed by nitrating 
1 , 898). wi-bromo-toluene (W. ; Grete, yi. 177, 246), 



BROMO-NITRO-TOLUENE SULPIIONIO AOli^cjf 


Trimetrio crystals ; on reduction it gives bromo- 
0 toluidine. 

Bromo-nitro-toluene CtfH,Me(NOJBr 


VC(ONa)^CNa(NOJ 
CJl/ ^0 
N nn / 


Volatile with 


[77°J. From C„H,(CH,)Br(NO,)(NH,) [1:2:4:5] steam (Gabriel a. Koppe, B. 19, 1145). 
(Nevilea.Winther, C. j. 39, 85). From^-nitro- | Di-bromo-di-nitro-toluene OJlMcj 
toluene, FcBr.,, and bromine (Scheufelen, A. 


Di-bromo-di-nitro-toluene 0,TlMc{N0.).Br,. 
[158 ’]. Formed by nitrating C,;Ilj(ClIa)Br„, [39°J 


171). Also from diazo-nitro-tolnone piperidide (Xovilc a. Winther, C. J. 37, 137) 
C„Il3Me(N02).N2.NOiH,o and boiling HBrAq Di-bromo-di-nitro-toluene C,iIIl\re(NO^,)oBr, 
(W^lach, A. 235, 218). Needles. [lOo-^]. Formed at the same tiino as the pre- 

Bromo-nitro-tolueno CJliMo(NO„)Br [1:3:G]. cedim' (N a W) 

Bi-bromo' di-nitrS-toluouo C,lIMo(NO .),,nr, 
tVf ll«n. By nitration of' (2, c:i)i 

Bromo.mtro-toluoneC,H,M(!(NO.)Br [1:3:5]. ‘Bbromo-toliiene (N. a. W.). 

[81°]. Tn. a. W.) ; L8«°] (W.) ; (270°). Fornioil Tri - bromo • mtro - toluene 0 mic(>|0.,)Br, 
(a) from bromo-nitro-p-toluidine fC5°], (b) from [l:l:2:.5:fij. [10(i°|. I' ljni di-bromo-mlro-wi- 

nitro-(5,l,2)-bromo-o-toluidine [1.13°], or (e) j tolm.Jine, [12;>^-130°J by the diazo-p.M-lnv,.^ 


from bromo-nitro-o-toluidine [181"^] by tlie usual I needles (Novilo a. Wiiitlicr, 


methods (Nevile a. Winther, G. J. 37, 331 ; 
Wroblewsky, A. 192, 203). Hence it can he 


C. ./. 39, 85f 

Tri - bromo - nitro - toluene CJTMc(NOJBr 3 . 


prepared from a mixture of acetyl o- and p- I [197°]. [l::r:2:3:4]. Formed by uitratin 


toluidines by Bucccssive bromination, nitration, 
saponification, and diazotisation. 


Bromo-di-nitro-toluene 


C,n.,Me(NO,).r>r. ! [1:3:2:1:0]. 


bromo-toluene, [11°] (N. a. W.). 

Tri - bromo - nitro - toluene CJIMefNO )Br, 


Formed by nitrating tri- 


[104°]. From m-bromo-toluono and fuming 
UNO, (Grcle, A. 177, 258). j 

Di-bromo-nitro-toluene CuH 2 Mc(NO.,)Br 2 
[l:4or6:2:3]. [c. 57^]. From C«lI,(CII,,)Br2[28°] 
by nitration (Nevile a. Winther, C. J. 37, 434). 

Di-bromo-nitro-toluene CrtrT..l\rc(NO.>)Br 2 
[J:4:2;6]. [58°]. From C«H(CTr,) (NIL.) (N()‘)Br .2 
[124°-130°J by ethyl nitrite (Nevile a. Wintlior, 
C. J. 37, 445). Also from (2,l,l)-bromo-nitro- 
tolueno, FeBr^, and Br (Scheufelen, A. 231, 178). 

Di-bromo-nitro-toluene C,iILiMe(NO.)Br 2 
[1:5:3:4]. [63°]. From bromo-nitro-toluidine, 
C„H2(CU3)(N0.2)(NH,,)Br [1:5:4:3] uy diazo-per- 
bromide reaction (Nevile a. Winther, 0. J. 37, 
417). Colourless plates (from alcoliol). 

Di - bromo - nitro - toluene C,iH. 2 Me(NO_,)Br 2 
[1:3:2;5]. [70°]. I’roin bromo-nitro-o-toluidine, 
[143°], by diazo-perbromido reaction (Nevilo a. 
Winther, C. J. 37, 448). 

Di - bromo - nitro - toluene C Ji.^.MeBr.^(NO.,) 
[l:4:f):2?]. [BO']. By nitmtiug di-bromo-loluene 
from di-bromo-ui-toliiidine, [75°] (Nevile a. 
Winther, C. J. 37,411). 

Di - bromo - nitro - toluene CeIOre(N(),.)Br^ 
[1:C:3:4]. [87°]. Formed by nitrating tho cor- 

responding di-bromo-tolueno. Converted by 
reduction and diazo- reaction into (2, 4, 5, 1)- tri- 
bromo-toluene [113°] (Nevile a. Wintlier, C. J. 
39. 83). 

Di - bromo - nitro - toluene C„H.,Mo(NO .)nr 2 
[1;4:2:5]. [88°J. From C„TI,(Cll 3 )(NO.J(N n,)Br, 
[181°] by the diazo-perbromidc reaction. Formed 
also by nitrating C,iTl;,(CHJBr.^ [1:2:5]. Con- 
verted by reduction and diazotisation into (2, 4, 
C, 1)- tri-bromo-loliicne [113°] (Nevile a. Win- 
ther, C. J. 37, 445 ; 39, 83). • 

Di - bromo - nitro - toluene GJl 2 Mo(NC^)Br 2 


bromo toluene [70°] (Wroblewsky, A. 168, 195), 

Tri- bromo-di -nitro -toluene C„Me{XO.J.Br^ 
[1:?:?:2:3:4]. [217°-22()°J. ]''orjucd by nitrating 
I iri-bromo-toluene [44°] (Nevilo a. Winther, B. 

I 13, 975). 

Tetra-bromo-nitro-toluene C,;Me(NO.i)Br 4 
I [1:4:2:3:5:6]. [213°] (N. a. W.) ; [227"J (S.). 

I Formed by nitration of C,JI(C11 ,)Br„ [117°] 
(Nevile a. Winther, G. J. 37, 450). From (2,4,1)- 
bromo-nitro-toluene,bromine,andF(*Br., (Sidieii- 
felen, A. 231, 179). 

Tetra-bromo-nitro-toluene C„Mc(NOJBr^ 
[1:2:3:4:5:C]. [212°]. From totra-bromo-toliiene, 

[ 111 °]. 

Tetra-bromo-nitro-toluene C,AIe(N02)Bi\ 
[1:5:2:3:4:6]. [210^]. By nitration of tetra- 

brorno toluene, [108°]. 

BROMO - r. ITRO - TOLUENE SULPHONIC 
ACIDS CJl 2 MeBr(N().JSO;,II. The six following 
j acid.s of tins constitution liave been described, 
i I. Formed by nitrating o-bromo-toluene sul- 
! phonic acid (Muller, A. 169, 12 ; Bagel, A. 176, 
299). Deliquescent. — BbA'-. 2a(i. — NaA'aq.— 
KA'.— BaA'.,2u(i. 

II. By the action of fuming 11X0, on (2,1,4)- 
bromo-tolucnc Bulphonic acid or on {2,l,l)-o- 
toluidinc aalplionic acid : in tho latter case tho 
resulting diazo-nitro-toluono Siiljihonic acid is 
boiled with HBrAq (Ilaydnck, .4. 172, 219 ; 174, 
347). Minute needles ; may he reduced to 

[ (l,3,4)-7a-toluidino snlplionie a' d. -BaA', 3aq. 

I Ghloride C,TI.,MeBr(N0,)S02CI. [220°]. 

Amide C,ll2MeBr(N02)(y02Nll2). Doesnot 
moll below 200 '. 

III. Fiojn7a-bromo-laluLnosulphonicacidaud 
JINO., (Wroblewsky, A. liih, 109). - CaA24^aq* 
— liaA'a 3.Uq. — BbA', 3aq. 


[1:3:6:6]. [106°]. From bromo-nitro-o-tolni- 

dine, [181°], by exchange of NIF for Br (Nevilo 
a. Winther, G. J. 37, 433). 

w-Di-bromo-nitro-toluene C,jH-,.CBr2(N02). 
Phenyl-di-bronio-nitro-7netha7ie. Colourless oil. 
Formed by the action of bromine upon an 
aqueous solution of the di-sodium salt of uitro- 
benzylidene-phlhalide 


I IV. Formed by nitrating (3,1,2 or 6)-77i- 
j bromo-tolueiiG sulplionic acid (Weekwarth, A, 
I 172, 200}.— NaA'.— Ca V',.3aq. -BaA'a-’Fiiq. 

V. Formed by nitrating (4,1,2) -p- bromo- 
toluene sulplionic acid (Ilasselburth, A. 169, 22). 
Deliquesoont laminfe. — AgA'. — BaA'.^2aq. — 
CaA'a 6aq. - PbA'.j Siup - SrA'^ 7aq. 



ow HKUMOrKlTRO-TOLUENE SULPHONIO ACIDS. 


VI. Formed by Jutrating (4,l,3)-jp-bromo- 
toluene sulphonio acid (H.). Deliquescent 
Qeedles.~B^'2 — PbA ,2 Jaq. — SrA'gSaq. 

Di>bromo-nitro-toluene-di-salphonic acid 
O^HBro(NOJMc.SO.,H. Prom jij-bromo-toluene 
di-sulphonic acid and boiling fuming HNO3 
(Kornatzki, A. 221, l')7).-KViui. - Bii.V.,8.Uq. 

BROMO-NITKO-^u-TOLTJIC ACID C^HJlrNOj 
i.e. CJT,MoBr(NO,)(CO,H). [170^]. ' From 
bromo-7«-toluic acid and IINO3 *1 17, 

84). — CaA'._, 3aq. - ]UiA'„ iiaq. ’’ 

Bromo-nitro-p-toluic acid 
CflH,MeBr(NO,)(CO,lI) [4i2:.r:l]. [200'^]. S. 

•1 at 15^^. Formed by boilin':^ bromo-cymcne 
(from thymol) Vith UNO;, (S.0. 1-3). Lamime. 
~-BaA',,4aq (Filcti a. Crosa, 0, 10, 297). 

Bromo-nitro-;)-toluic acid 
CHH,]\IeBr(NO,)(COil) [4;3;rr:l]. [^70^-180'^]. 

From bromo-jr>-toluio acid and fuming HXO3 
(Landolph, B. 5, 208). Needles (from water). — 
13a A'., aq. 

BROMO-NITRO-o-TOLUIDINE 

0«H,Me(NH,)(NO,)Br [l:2:.‘J:ol. [130°] (W.); 

[143°] (N. a. W.). Formed by nitrating bromo- 
acetyl-o-tobiidine, (l<;H,,i\re(NlIAc)Br [1:2:5!, and 
removing acetyl (Wroblowsky, A. 192, 200; 
Nevilc a. Winthcr, C. J. 37, 431). (lives, by 
nitrous gas and alcohol, C„ll,Me(NO.^)Br, [81°] 
whence ClJI.,Me(Nllj)Br, [35 ^J. 

Bromo-nitro-o-toluidihe 

C,JI..Me(NIT„)(NO.,)Br (1:2:5:31. [181° cor.]. By 
brominating CJT3Me(NlI,,)(NO,) [J:2:3], [128'^'] 
(N. a. ^Y.). Converted by nitrons gas and 
alcohol into 0,jli,Mo(NO..)Br, [8l°] whence 
C,H3Me(Nli,)Br [30°]. 

Bromo-nitro-ni-toluidine 
CJLMe(XH,)(NO,)Br [1:3:0:5]. (88°]. Formed 
by nitrating bromo-aeetyl-m-tolnidine, and then 
removing acetyl by IT, .SO, (2 vols.) and water 
(1 vol.) (Nevilo a. Wintlior, C. J. 37, 030). 

Bromo-nitro-m-toluidine 
C,II,Me(N]T,)(NO,)Br| l:3:2:0]. [Ift3°]. Is formed 
in small quantity in the preparation of its i 50- 
meridc [181°J. 

Bromo-iiitro-77z-toluidin0 
C„nAIe(MI,)(XO.JBr [1:5:1:2] [181°]. From 
the aeciyl derivative by saj'onification. 

Acetyl derivative (J 10 -121”]. Formed 
by nitration of bromo-aectyl-^/i-toluidine (Nevile 
^a. Wintlier, C. J. 37,^41). 

Bromo-nitro/j-toluidine 

C„HAre(Nir2)(NO,,)Br 11;4;^;5]. [(K-5°]. Got by 
Bapoiii tying its nc(^tyl derivative. Orange needles. 
Converted by iiitrans gas and alcohol intobromo- 
nitro-toluene [8G°] (c/,,1 land, A. 234, 157). 

Acetyl derivative [2J,1°]. From bromo- 
acetyl-77-toInidine and HXO.,. Or from acetyl -2)- 
loliiidine by successive nitration and bromiiia- 
tion (N. a. W.). White needles (from nlcoliolor 
dilute acetic acid) (^VrgblGwsky, A. 192, 202). 

Di-bromo-nitro-7a-toluidine * 

(]«HMe(NIIJ(NOJBr., [1:5:4:2:G]. [124°- 1,30°]. 
From the acetyl derivative of bromo-nitro-?;t- 
toluidine [181 ] by heating with H„80, (2 vols.) 
and water (1 vol.) and subsequent treatment 
with bromine (Nevilc a. Wintlier, C. J. 37, 441). 

BR0M0-NITR0m-XYLENEC,ILMe2(NO3)Br. 
(2C0°-205°). From bromo-»?i- xylene and cold 
iuming HNO.. Liquid (Fittig, A. 147, 81). 


•Di-bromo - nltro - 0 - xylene C^^EDdegtNOJBr. 
ri:2:8;4:6]. [141°]. Obtained by nitration 01 

di-bromo-o-xylene C„H.,j(OH 3 ) 2 Br 2 [1:2:4:6J with 
cold fuming HNO 3 . Colourless needles (from 
alcohol) (Tohl, D. 18, 2661). ^ 

Di-bromo-nitro-? 7 i-xylen 0 0 ,;H 3 \re,.(N 0 .,,)Br 3 . 
[108°]. From di-bromo-w-xylonc and UNO,. 
Needles (F.). 

Di - bromo - nitre -p - xylene C JlMca(N Oa)Br2. 
[112°]. From di-hromo-u-xylene and fuming 
UNO, (F.). Needles. 

Di-bromo-di-nitro.o-xyIeneC„(CII.,),,Br./N03)3 
[1:2:1:5:3:01. fc. 250°]. Small needles. Nearly 
insol. cold alcohol. Formed by nitration of di- 
bromo-o -xylene C,1I (Cn3),rBr,^ [1:2: 1:5]* (Tohl, 
n. 18, 2501). 

BROMO-NITRO-XYLENE SULPHONIC ACID 

CJIMe.Br(NO.,)(SO;JI) [l:3:0:.r:4]. From nitro- 
7w-xylidino sulphonic acid by diazo- reaction 
(Sartig,*1.2.‘10,.-;41 ; 7.>M8,2190), Bliombic plates, 
V. sol. water and alcohol. — BaA'„3,]aq. — K.\'aq. 
BROMO-NONYLIC ACID v. Bkomo-ennoio 

ACID. 

DI-BROMO-OCTADECANE C,JT,,Br.,. Octa- 
deci/lene bromide. [24’“]. Silvery plates. SI. 
sol.alcohol. Formed by the addition of Br (Imol.) 
to oe.tadeeylene (KralTt, IL 17, 1373). 
BROMO-OCTANE v. Octyl divoiide. 
Di-bromo-octano CJIiuBi-o. Oct ylrne bromide. 
From Br and octylone derived from castor oil 
(Iiubien, A. 112, 297) or tliat from parathn 
(Thorpe a. Young, Br. 21, 193). Non-volatile oil. 

Totra-bromo-octane CJI,,Bri. Caprijlidcne 
tetra -bromide. From bromo-oetylcneandBr. Oil, 
BROMO-OCTONENE C,li,,Br. (2nl°). From 
CJT,,Ilr, (v. sanra) and alcoholic JCOll (R.). 

BROMO -0(iTYL -BENZENE C,H,(C,H,,)Br. 
(285° 287°). “Formed by brominalion of octyl- 
benzene. Oil (Ahrens, B. 19, 2719). 

BROMO-OCTYLENE CJl,,Br. (185°). From 
di bronio-octane and alcoholic KOJl (lUibien, A. 
1 12.^297). With Br it gives an oily tri-bromo- 
deeane. 

Di-bromo-octylcne CJI,^Br2. S.G. lv5C8. 
CiOVjleHC bromide. From conylcne and Br 
(WerllKM'm, .!. 123, 182). 

BROMO-OCTYL-THIOPHENE 
C,8H./C„H,,)Br. (285'-'- 290'-'). Colourless oil 

solidifying to plates at 5°. V. sol. other, insol. 
waler. Formed by.shnkir j oetyl-thiophene with 
bromine-water (Schwchiitz, li. 19, 044). 

BROMO-OLEIC ACID C^H.^BrO... From di- 
bromo-stearic acid and alcoholic KOH (Over- 
be< k, A. 140, 47). 

Di-bromo-oleic acid C, JIs.Br.^Oj. From 

stearolic acid and Br (0.). 

BROMO-ORCtN C,lI.^Ie(()IT).Br. [135°]. 
From orcin and bromine-water (Lamparter, A. 
134, 258). Cry.stals ; m. sol. liot water, v. 0. sol. 
alcohol and ether, Solutio/is are ppd. by lead 
Bubacetate. 

Di-bromo-oroi"i 
Methyl derivative 

C„n(CH.,)(OMe)(OIl)Br2. [140°]. White needles. 
Prepared by bromination of the mono-methyl 
ether of orcin (Tiemann a. Strong, B. 14, 2002). 

Di-methyl derivative 
C„H(Cll3)(OMe).2Br2. [100°]. Colourless plates. 
Sol. alcohol, ether, and benzene, insol. water 
and ligroin. Prepared by bromination of the 
di-mcthyl ether of orcin (B. 14, 2001). 
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TH bromo-oreln Ca(OH 3 )Brj(OH) 2 . [103®]. 
Prom orcin and Br (Stenhouse, 'Tr. 1848, 87 ; 
Laurent a. Gcrhardt, A. Ch. [3] 24, 317; Lam- 
parter, A. 134, 257; Hcaso, A. 117, 311; Ston- 
house a. Groves, A. 203, 208). Is formed by 
beating pcnta-bromo-orein with formic acid. 
Needles ; insol. water, sol. alcohol and ether. 

Diacctyl derivative [143 White 
needles. Formed by the action of Ac^O on 
penta-bromo-orcin (Claassrn, B. 11, 1-J lO). 

Penta - bronio - orcin C. II, ]>»•.,().. i.c. 

C«MeBr3(013r)2 ? [1215 'J. From orcin and excess 
of bromine-water. Triclinic crystals (from CS.). 
At 100°.it gives olT Jlr.,, leaving C;JI,l>r;,0. (Sten- 
liouse, y4. 1G3, 180; Liebermaim a. Dittler, A. 
1G9, 2.52). 

Bromo-)3-orcin v. PmoMo-ju'Tor.ciN. 

DI-BKOMO OXAL-ETHYLINE v. Bi-uromo- 

METIIYIi-ETIiyri-OLYOXALTNi:. 

BROMO-OXINBOLE v. Oxixi.olk. 
BROMO-OXY- ACRYLIC ACID. Phenvl 
derivative a.HdlrO,, i.c. Crillr:C(()Ph),00.,il. 
[ISS'^]. From phenyl -oxy- ruicol)romic acid 
CHO.CBr:C{OPJi).CO,ll 'ind KOll (Mill a. 
Stevens, Am. 0, 190). Needles (from water); 
V. e. sol. alcohol and ether. — XA'. PaA'.. oaq. - 
CaA'..5aq.~AgAh 

B'ROMO . OXY - AMIDO - BENZOIC ACID. 

Methyl dcri v a t i v e C , „1 1 „ 1 ’> r N O , i.c. 
C,,H 2 Bi (OMe) (N Jl,.) 00,11. [1 8.3 ' ]. iiyomo-am ulo- 
anisic acid. From the correspfniding nitro-acid. 
Needles, si. sol. water.— OaA'., o'.aq.— PaA', 2aq. 
— HA'lIOl [I80'n (Palbiann, (V, 14, 21-3). 

BROMO-DI-OXY-ANTHRAQUINONE 
C, JI,BrO,, i.e. C,,M,0,(0il),l3r. Bromo-aUmrin. 
From alizarin (3 pis.) and Br (2?, pts.) in OS, at 
H)0“ (Perhin, G. J. 27, 401). Tutf.s of orange 
needles; may bo sublimed. KOMAq forms a 
blue solution, exhibiting the same absor])lion 
bands as alizarin. UNO;, forms phthalic acid. 
The same bronio-alizarin, or an isomeriile, is 
formed bytreatingtri-broino-anthraquinone w ih 
KOH, It molts at 280 ’ (Diehl, B. 11, 190). 

Bromo-tri-oxy-aiithraquinone 
Ci,H,0,(01I).,Pr. Brmno - purpiirln. [27(5'']. 
From 13r and piirpnrin, or its carboxylic acid, 
or by warming di bromo-pnrj)nriii (v. in/ni) 
with cone. II, SO,. Ped needles (PJatli, B. 10, 
615, 1019; Schunch a. Poenier, B. 10, 551). 

(B. l,3,2)-Di-bromo-oxy-anthraqr.inoiie 
C, ,H«Br./), i.c. CJI,:(0,0,):CJTPr,((>n). [208 ’]. 
Formed, together with di-bromo-phenol by Imat- 
;ng tetra-bromo-pheiiol-plitlialein with excess of 
fI.,vSO, at 150' (Pacyer, A. 202, 130). Slen.b r 
yellow needles ; its alcoholic solution show.s 
reddish fluorescence. Its solution in alkalis is 
reddish-brown. Na(0II at 200 ’gives alizai irt. 
Acetyl derivative C, , 11 ., AePr.,Oy. ( I ilO ’], 
Di-bromo-di-oxy-anthraquhione 
CuHA(OH).,Pr.,. Bi-hr»n.'.}-alBarin. [170 o. 
Prepared by tho action cf Pr in^n’cse.ncc of 1 on 
alizarin. Small brownish-rod needles. Pom- 
bines with mordants (Diehl, B. 11, 190). • 

Di-bromo-di-oxy-anthraquinonc 
0,,H,0.,(l)H)..l3r,. Di-hromo-purpnroraii thill. 

[227®-230''] (P.)*; [231"J (S. a. It.). From pur- 
puroxanthin and Pr (Flath, B. 9, 120.5). From 
munjistin and Pr (Sehuiick a. llocmcr, G.J. 33, 
424 ). Orange needles (from IIOAc). Warm 
edne. H.SO^ forms bromo-purpurin. 
SaU.-(NHJ,A". 


- Tri-bromo-tri oxy-anmimquinone 

C| ,IL 02 ( 0 II) 3 Br 3 . 2W- bromo-flavcpurp urin, 

[284']. From flavopurpUrin in IIOAc and Br. 
Orange needles. Its alkaline solutions are orange 
(Selmnck a. Itoemer, B. 10, 1225). 

Tetra-bromo-di-oxy antliraquinone 
C, ,H./>,(OM),Br,. Trlra hromo all :ari n. From 
alizarin and excess of iodine bromine at 18()‘\ 
Does not combine with mordants (Diehl, B. fl, 
191).* 

BROMO-o-OXY-BfENZOIC ACID C H PrO./.c, 

C.JI,Br(OH)CO.M [3:2:1]. Brom ^ suUr'iti,- aclL 
[ISt'J (L. a. Cl.); |220''J {II. a. F.). ^rom tiio 
eorrrspfiiiding brunio uniidn ]‘. ir/.'ie acid by ex- 
cluinge of Nil, for Oil (Hiibiu r :f Fiimifiling, 

Z. 1S71, 709) or from (3,* 5, 2, I )-br!)ino-aniido- 
oxy-benzoic acid bv eliminating Nil, (ricllmann 
a. Orothmaj^n, B. 17, 2725). Ne. dles, v. .si. sol. 
eold water, v. e. sol. alcohol. Fe,CM^ gives a 
violet colouration.— Ca.\t I2a(i : v. sol. water. 
Ba/\'.,3]aq : prisms, — PbA', (11.). - Pb0.ll,PrO,. 

Bromo-o-oxy-bcnzoic acidP, .1 1 ,Di (Ol I )(P(0,11) 
[5:2:1]. [TGa"]. From salicylic acid and Br or 
PPr, (Gerluirdt, A. Ch. [3] 7, 217; Calmnrs. .1. 
Ch. [3] 10, 34 I ; 13, 99 ; Henry, B. 2, 275 ; J 1 . a . F.). 
Also from tin? corresponding amido ?^/ bromo- 
bcnzoic acid (It a. It). Neeilles (from water). 
F 0 ..CI,. givc.s a violet eolouration. Ba.\'.. daq. — 
PbA'.,. l'bCJl.,llrO,.-CuA'.,,- AgA'. 

Methyl ether IMcA'. j3*S ’] (Jlonry ) ; [CD] 
.{Periitonor, G. 10, 105). (2(55'’). From methyl 

salicylate and Br or PPr^. Trimetric })risms or 
nec'dles. Polourcd violet by Ftg.Cl,.. 

Methyl de ri v a live P„M:(Pi(OM(‘)P‘ ),TT. 
[IP,)'). — PaA'.. 3a((. -- CaA'.laij. A;.‘A'ai|. 
Methyl ether C,lI,Pr(OMe)PO .Me. ■ 1 0 ’ ], 
(295 ■)(!>.). 

Bthyl derivative CJT,Pr(()Ft)COJf. 

[1 30 ' !• PaA'., ‘laq. —PaA'., 2aq. AI »■ t h y 1 e t ho r 
CJI,Pr(()Ft.)C(,UIe. [49']. (301 ). 

Bropyl d er ivative Cull^Pi (DPi'jPD .11. 
[02°]. Mcth;;! ether C,ll.,Pi (OPrjCh) Me. 
(323’). '• 

liio propyl derivative 0. Il,Br(()Pr)CO ,11. 
[101°]. Methyl ether (.301°). 

Bromo-p-oxy- benzoic acid. Methyl deri- 
vative CglI.,Pr(OMc)PO,H [3:1:1]. Bioino- 
an i.sic acid. [2 1 P ]. [2 1 8 * cor.]. 

Formation. — 1. From anisic acid and Br 
(Laurent; Cahour.s, A, 50 311; *Salkow.ski, 7>. 

7, 1013). — 2. Py oxidising tlio methyl et.lier of • 
bromo p-cj^. .soi (Scbali a. Drallc, B. 17, 2531). 

I*ropeiiies1' Needles; may bo distilled or 
sublimed. Insol. water. 

Sal ts. — AgA'. — PaA'.. 3],aq. — PaA',, laq. — 
Ca.V.,0aq.— CuA'.,21a(i. - MgA',, 5aq.— NaA' , 2a(i. 

— PbA'.. 3aq. — ZiiA'., 3aq. 

Ethyl ether CJl,Br(OMo)(CO,Et). [74°] 
(Crespi, G. 11, 419). 

Amide C,n,Pr(OAre)(GO,NlL). [180°] ; 
insol. water. 

• Brorao- 2 )-oxy-benzoic f^id. Methyl deri- 
vative C lI,Pr(OMe)COJI. [212°]. Ethyl broino- 
anisato [74°J is converted into an isonieride 
[(50'] by heating with NaOhlt at 180' for 20 
hours; on saponification it yields tlie aciil which 
crystallises in needles, si. sol. water. Potash 
fusion forms protocatechuic acid. IlNOa gives 
the methyl ether of (2,4,(5,l)-bromo-di-nitro* 
phenol. 

Salt.— ZnAVE^q (Palbiano, G. 11,109). 
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_ Ethyl ether E^'. [60’] (». supra). This 
acid is possibly identical with the preceding. 

Bromo-di-ozy.benzoic acid. M e thy I deri- 
vative C,igk(OII)(OMe)COJI V:4:;hl]. 
Bromo-yanUlic acid. From its acetyl 

derivative. Needles (containing aq). Acetyl 
de r i V a. t i V o C,,IL.nr(OAcj(OMe)C()J T. [1(>7^J. 
Frqm acetyl-vanillic acid and llr (Matsmoto, B. 

1:38). 

Di-vie Ihyl derivative * 

0,iH,,Br{0Me).^C02H [a;:4:3:lX. Bromo-ve.ratric 
add. [184 J. From veratric acul and Br (M.). 

Methylene derivative 
CJI,Br((),CIT,|CO,H or CJT,((),CHBr)C()JT. 
Bromo^inperomiUc acid^ [200"^]. From broiuo- 
piporonal and KMnO. (Fittig a. Mielck. A. 172, 
lo8). 

Bromo-di-oxy-benzoic acid « 
CJl,Br(()Il),CO,H [:r:l:3:5]. [253^]. From 
i’-di-oxy-benzoic acid and bromine water (Barth 
a. Senhofer, A. 1(14, llfi). Needles (containing 
uq). Polash-fiision forms gallic acid. FeXl„ 
gives a yellowish-brown colour.— CaA'., Hau. — 
Ag,A". 

Bromo-di-oxy-benzoic acid C JI,.Br(OTr),,C()..I£ 
fa:;2:():l]. [184^, anhydrous]. From c-d‘i-oxy- 

benzoic acid in ether and Br (Zehentcr, Jli. 2, 
480). Prisms (containing aq). Fe-^Clg gives a 
violet colour to its aqueous solution.— AgA'aq. 
BaA', 7iaq.- CuA',4iaq.— PbA', 3aq.~KA'l Aaq. 

Bronio-tri-oxy-benzoic acid 
C„HBr(OU).,(J(),IT. Brmno-gallic acid, [above 
200“]. From gallic acid and Br (Illasiwctz, A. 
142, 2/)0 ; Orimaux, 1807, 431). Monoclinic; 
si. sol. water. 

Di-bromo-o-oxy-benzoic acid 

CjH2Br.^(OH)C()^Il [5:3:2:!]. Di-hromo-salicylic 
acid. [210“] (11.) ; [223“J (Tj.a.G.). From salicylic 
acid and Br or from (3,5,2,l)-bromo-amido-sali- 
cylic acid by the diazo- reaction (Caheurs, A. 
Ch. [3] 10, 330 ; 13. 102 ; liollwagc, B. 10, 1707 ; 
Lellmann a. Grothmann, B. 17,«*2727b Gives 
a violet colour with Fe.^Cl„. Heated wUi dilute 
H2SO4 it gives (3,5,2)-di-bromo-phcnol 1301.— 
BaA'^laq. 1 l j 

Methyl e th er CJLBr..(OJT)CO.^Mc: [140“]; 
from methyl salicylate and Br (Peratoncr, G. 
16, 405). Long needles, si. sol. alcohol. 

Methyl derivative C„H,Br..(OMe)CO.n : 
[194“]. — Salt BaA^/Jlaq. Methyl ether 
* C,iH2Br2(OMe)CO.jMe : [53“J ; m'cdles. 

Ethyl derivative <l,iH.,Br..(OVt).C0..1I ; 
[166“]; white needles. MetYyl ether 
C,H,J-lr.,(OEt).CO,^Me: [43“J ; needles. 

Di-bromo-o-oxy-benzoic acid 
C«H2Br,,(OH)CO,H [•>:3:2or0:l]. [218^]. From 
(4,3,l)-di-bronio-benzoic aci/l [220'] by nitra- 
tion, reduction, and diazotisat ion (Smith, B. 10, 
1706). Gives a violet colour with Fe^Cl^j. 

Di-bromo-o-oxy-benzoic acid 
C„H2Br2(OH)C().Jl. [2^21“]. Formed as a by- 
product in converting (0,2, ij-bronio-nitro-benzoic* 
acid [250'-'] into di-brorno-brnzoic acid by the ! 
diazo- reaction (Hiibner a. Lawric, B. 10, 1706). 
Fo^Cl,, gives a violet colour. 

Di-bromo-p-oxy-benzoic acid 
C,H,Br2(OH)CO.JL [268°]. From di-bromo- 
aniflic acid and cone. HI (Alecci, G. 15, 242). 
One of tbe products of the dry distillation of 
Bodinm di-biomo-anisate (Balbiano, G. 13, 69). 
Long needles, insol. water, sol. alcohol and ether. 


SNZOIO ACID. 

FejCl, turns its solutions yellowish-red. Sodium* 
amalgam forms p-oxy-benzoic acid.— CaA^Saq. 

Methyl derivative C,H,Br2(OMe)CO,H 
[3:5:4:!]. I>i-hromo-ani!iicacid\2\)T‘\{lx]\ [214°] 
(C.). From anisic acid, Br, and water at 120° 
(lieinocke, Z. 1866, 366; Cresj)i, G. 11, 425). 
Converted by prolonged action of Br and w'ater 
into tri-bromo-anisol [87°].— NaA' 3aq.— AgA'.— 
BaA'24.].aq. Ethyl ether CJ].,(OMe)(CO..Et) : 
188°];, plates. _ -V A . ; 

Di bromo-di-oxy-benzoic acid 
CJTBr2(OH)..CO il. [214“]. From (3, 2, 1)- di- 
oxy-henzoic acid and Br (Zehonter, M. 2, 475). 
Needles (containing aq) ; m. sol. hot^water. 
FeXl,. turns its solution v,i(3let ; cimc. H^SO, 
gives a gn en colour. Heating witli ’vater forms 
di-bromo- resorcin. — KA' 3 ',aq. - CaA' 8' aq. — 
PbC-T f.^Br.d) — C liA'., a(|. — AgA'. 

Di-bromo-tri-oxy-benzoic acid 
C,Br2(0H).,C0.4T. Di-bronio-galli arid. [140°] 
(G.) ; [150 '] (E.). From gallic acid and Br 
(Grimaux, Z. 1867, 431; Etti, B. 11, 1882). 
FoXlfl gives a blue-blaek colour in its aqueous 
solution. • 

Tri-bromo-o-oxy-bcnzoic acid 
C,HBr.,(OH)CO.JT. Tri - hrr - mlieylic acid. 
From Br and salicylic acid Bmall i)risms, insol. 
W'ater (Cabours, A. Gh. [3, 13, 104). 

Tri-bromo.w^-oxy-ben•oic acid 
CfiHBr3(OH)CO..H. [147 [ From 7a-oxy-bcnzoio 
acid (1 mol.) and Br (3 jiols.) (Werner, Bl. [2] 
46, 276). 

Tri-bromo-di-oxy-benzoic acid 
C.,Br3(()H)2C0JI. [183 ]. From (5, 3, 1). di* 

oxy- benzoic acid and Br (Barth a. Senhofer, A. 
159, 225). Tables (from wi1(;i ). Potasli-fusion 
reproduces s-fti-oxy-lx nzoic acid. 

BROMO - o - OXY - B JNZOIC ALDEHYDE 
CjH BrG, i.e. C,Il;,Br(Grl)CHO. Bromo - sail- 
cylic alddiyde. (9!!']. From salicylic aldoliydo 
and, Br or BBr, (Lowig, B. 46, 57, 383 ; Piria, 
A. Ch. [2] 69, 281 ; Henry, fi. 2, 275). Lamirue; 
insol, water, sol. alcohol ami ether. Combines 
with KHSG3. 

Methyl derivative Br(OMe)CIIO. 
[114-'j. From methyl-salicylic aldehvdo and Br 
(Perkin, .4. 145, 301). Flat prisms (from alcoliol). 

Ethyl derivative C^HaBrtUEtjCHO ; 
[G8“] ; prisms. 

Bromo-^)-oxy-benzoic aldehyde 
C,Jl,Br(011)ClIO. [180°]. From p-oxy-benzoic 
aldeliydo ami Br. V. sol. alcohol and ether, v. 
,sl. sol. water; Combines with KHSO. (Hozfeld, 
if. 10,2198). 

Di-bromo-o-oxy-benzoic aldehyde 
C,;H.Jlr..((.) 11)CH(). Bi-bromo-sa! iryt ic-nlde lydc. 
Prisms. From salicylic aldehyde aiidBr (lice -lein, 
J.jw. 32, 65). 

Pheny l-hydrazide * 
C.TLBr3(OJi)CH^\.41J>li: [148°]; v. sol. alcohol, 
benzene, ether, and CflCl,,, insol. w’aliu*. The 
monfc-acctyl-dei ivative C,4 J,,Br,,(OAe)CH:N,.HPh 
forms lino nee<l les [1 SH 'J , n early in so In hie i n ether. 

Thedi-aceiylderivativeG,HJJr.(GAe)CH:N.,AcPh 
crystallises in white needles, [158 ), easily soluble 
in ether; it is formed by brominating the di 
acetyl derivative of llie phonyl-liydrazida of 
salicylic aldehyde (Bossing, Jl. 17, 3008). 

Di-bromo-p-oxy-benzoic aldehyde 
CuH2Br^(OII)CHO. [181°]. From p-oxy-benzoio 
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aldehyde (1 mol.) and Br (2 mole.) (Werner, BL 
[2J 46,277). ' 

BEOMO-OXY-BUTYRIC ACIB C^H,BrO,. 
fl02°]. From di-bromo-butyric acid and baryta. 
Laminaa (rotrieff a. Egliis, J. B, 7, 170).— 
BaA'o. — AgA'. 

Bromo-oxy-bntyric acid 

CJI,.CHJ3r.CTT(On)CO,II or 
CH3.CH(OTI).CHlir.CO.Jl. An uncryslallisablo 
syrup obtained as a residue when ajO-di-bromo- 
Imtyric acid is distilled with water (C. Kolbe, J. 
pr, 133, 380 ; cf. Krlorimoyer a. Muller, D. 1.5, 40). 
Bromo-oxy-butyric acid 

CTT,.CH]5r.CII(OH).CO..n or 
Cn.,.aH(OH).CIIBr.C(l,H. [OO'^J. From /3- 

luethyl-glycidic acid and IIBr 

(Mclikoff, Bl. [2] 43, rrisins. Probably 

identical with the preceding. 

Bromo-oxy-iso-butyric acid 
CTLBr.C(On)Me.COJI. [lOl^^J. Formed by boiling 
di-bromo-iso-hutyric acid with water, and ex- 
tracting with ether (K.). Also from llBr and 

a-methyl-glycidic acid co II Needles; 

sol. hot benzene, insol. CIICl, and CS.^. Not 
nllccted by boiling water. Reduced by the action 
of sodium amalgam on itsaciueous solution, kept 
neutral by Il„S()„to oxy-iso-butyric acid, |70°J. 
BROMO-OXY-CINNAmIC acid V. Buono- 

COUMAKIC ACID. 

BROMO-(B. 4)-0XY.(Pv. 4)-ETHYL.QIIINO. 
LINE TETRA-HYDRIDE C„H,13r(Oil)EtN. 

Ethyl ether r35'‘’] ; long monoclinic inisms, 
a:b:c ^ 0-7002: 1 ;0-5828. Formed by bromination 
of othyl-kairine (ethyl ether of oxy-ethyl-quino- 
lino-tetra-hydride),or by ethylat-ca of the ethyl- 
ether of bromo-oxy-quinoline-tctra-hydride. Tho 
picrato forms yellow needles [174"^] (Fischer a. 
Renouf, Ti. 17, 702). 

DI-BROMO-OXY-INDONAPHTHENE 

CsH^Br.O i.e. Vhenylcie-di. 

hromo-ncMylcyie ketone. [123'-*]. Obtained by heat- 
ing di-bromo-cinnamic acid C,H-,.CBr:CBr.CO^I I 
with cone. iI..SO^. Yellow neoditjs. 

Oxi m C„H,Br,(NOII) : [1<).5^J ; yellow needles. 
Anilide : [170'^]; red needles. 
Di-hromide CyTTiOBr^: [124°]; prisms 
(Roser, B.20, 1273). 

BROMO-OXY-MALEiC ACID Phenyl deri- 
vative CO,,H.CBr:C(()Ph).CO,H. [lOl'^'j. From 
tho phenyl derivative of oxy-mucobromic acid 
and Ag.,0 (Bill a. Stevens, Aju. 6, 187). Needle,;?. 

-Ag,A". 

y>BROMO-a)-OXY- MESITYLENE C.,TT„BrO 
U. CyH,(CH,),Br(ClI,,.OH) [5:3:1:!]. p-Jiromo- 
viesityl alcohol. [00°J. Obtained from p-a>-di- 
bromo-mesitylene (;)-mesityl bromi<le) by treat- 
ment with KOAg and saponification of the 
acetate. Pointed needles. V. e. sol. alcohol, 
ether, and benzene, si. sol.cofd petroleum-ether, • 
insol. cold wat<!r. Decomiioscs on distyiation 
with separation of H.^O and formation, amongst 
other products, of j;-bromo-mesitylenic aldehyde 
CrtTT.^(CII.,).Br(CIIO). By oxidising agents it is 
readily converted into 7 ?-bromo-mcsitylenic acid 
[214°J (Schramm, B. 19, 213). 

eso-Bromo-a>,a? 2 -di-oxy-mesityleiie 
C,H 2 Br(CH 3 )(CH 20 H),. [121°]. S. 3^ at 100°. 
From the corresponding tri-bromo-mesitylene 


(200°-216°) by boiling water and PbCO, 
(Colson, A. Ch. [0] 6, 08 ; C. JR. 97, 177). 
Pearly scales ; v. si. sol. cold water, m. sol. alco- 
hoh Boiling HClAq forms C,Il,Br(CIl 3 )(CII.,Cl), 

BROMO 0XY-/3-METHYL-CUMARILIC ACID 

« ( 1 ) 

CJI.,Br(OJr)<f (,.) ^C.CO,H. [221°]. Foamed 
• ^ O / 

by boiling brom^-^-nudlivl-iimbelliforon-di- 
XhMeilr.Clllh- 

bromide C„H.,Br(OIi)^ | with alco- 

No CO 

holio KOn. Colonrles.s needle ?. V. sol. alco- 
liol and other, si. sol. benzene, itisol. water. 
Cold H^S 04 a colourless solution which 

becomes violet on healing. Fe,Cl,j gives a 
yellow colouration with the ahroholic solution 
(Pechmann a. Cohen, ii. 17, 2131). 

BROMO-OXY- METHYL-ETHYL PYRIMID- 
INE [195°]. Formed 

by bromination of oxy-niethyl-ctliyl-pyrimidino. 
Long colourless glistening needles. SI. sol. water, 
C,H,,N.,Br(OII)a(i: very soluble long white needles 
(Pinner, B. 20, 2302). 

BROMO OXY-DI-METHYL-PYRIMIDINE 

Formed by bromina- 
tion of oxy-di-mcthyl-p}Timidino. Tho hydro- 
bromide (B'llBr) forms colourless needles, m. 
sol. water, v. sol. alcohol (Pinner, 7k 20, 2361). 

(P7/.2,3,1).BR0M0-0XY-METHYL.QUIN0L. 

INE 

XMe:CBr 

CioU^NOBr i.e. C,ll,< | ? Bronto- 

\N : C.OIl 

oxyquinaldine^ or bronio-quiuoxyL [c. 258°], 
Formed by the action of cold cono. II, SO^ 
upon tho anilide of bromo-aceto-acrtic acid 
Cir3.C(OH):C13r.CONIIPh. Also from (/V/.3,l). 
oxy-nu thjd-quinolinc and bromine- water (Knorr, 
77. 17, 2875; .4.230, 91). J^’ini! silky needles. 
SI. sol. alcohol, ether, and chloroform. Dis- 
solves in aqueous acids and alkalis. 

Tri-bronio-(7^?/.l) -oxy-(P//. 3) -methyl-quinol- 
ine CyH,MeBr 3 (blI)N. [275°]. Formed by 
bromination of (Py. 1, 3)-oxy-niethyl-qiiinoline. 
Insol. alcohol (Conrad a. Ijimpaeh, 7>. 20, 949). 

Bromo-(7^7/..3)-oxy-(Pv/.l,l)-di-methyl.quinol- 
ine CuB^yLltNO. Bromo-methiil-lejndone. [172°j* 
From the e»rrospouding oxy-diiiK thyl-quinolino 
and bromine-water (Knorr, 230, 1 10). Spheri- 
cal aggregates of needles (fpm alcohol). Insol. 
water and NaOIlAq, v. S( i. dilute acids. 

BROMO 0XY-(a)-NAI HTHOIC ANHYDRIDE 
« .CO 

C„TT3Br0..i.c.C,oII.P>i< | [192°]. Formed by 

bromination of oxy- naphthoic anhydride 
/CO • 

CjoIIg^ I dissolved in CS.^. Small white 

No 

needles (Ekstrand, B, 19, 1139). 

Bromo-oxy-(a) -naphthoquinone 
/CO.C(OH) 

C«H,< II . [197°]. 

NcO.CBr 

Forynation. — 1. From di-bromo-(a)-napht4io- 
quinone [151°] by boiling with aqueous NaOH 
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or Na.CO, j the yield l^ing 60 p.c. of the theo- 
retical (Daehl a. Merz, B. 11, 1064).—2. From 
oxy-(o)-naphthoquinonG and Br.— 3. Prepared 
by tlio action of alcoholic ILSO^ on di-bromo-(ei)- 
nephthoquinone-anilidc, p-bronio-aniline being 
eimultaneonsly produced (Baltzer, B. 14, 1901). 

4. By the action of alkali upon bronio-^-napli- 
thoqiiinone (Zinckc a. Oerland, B. 20, 15ir>). - 

5. boiling bromo-anii(lo-(o)-iiaphtli[oquinono 

with dilute alkalis (Z.). — 

6. From broino-oxy-(a)-naplitliO(iuinone-imide 

f) boiling with cone. IICl or 

by treat rnent wilii alcoholic NaOIt (Z.). 

Propp.rfics.- - Yellow ndedlos ; v. si. sol. water, 
si. sol. ether, v. sol. alcohol. Oxidation gives 
phthalic acid. 

Salts. KA'aq : red needles.— BA^^. S. *07 
at irr.-AgA'. 

Bromo-oxy-(a)-iiaplithoquinone. [202^]. From 
the anilide fl97''] of di-bromo-naphthoqiiinono 
[21 8^^] by boiling witli afpioous Na..CO., (iMiller, 
Bl. [2] 43, 12o). Oxidises to jditluilic acid ; it 
should therefore be identical with the preceding, 
BROMO - OXY - (a) - NAPHTHOQUINONE - 
yCO — C(OIT) 

IMIDEC,H,< I . [c. 2G5°]. Formed 

\C(Nn).CBr 

by boiling bronio ■ amido - (a) - naphthoquinone- 
imide ^'6^^i<Cc(Nn) dilute NaOII. 

Formed also by the action of Nil, u])on bromo- 
(/3)-naphthoquinonc. Brownish - r(*d glistening 
needles. By boiling with cone. HCl or by treat- 
ment with alcoholie NaOII it is converted into 
bromo-oxy-(a) - naphthoquinone. Tlie sodiiim- 
ealt forms red needles; the salts of the heavy 
metals are sjiaringly soluble jip.s. 

Acciyl dcrivativa: [270^1: red hair-like 
needles (Zineke a. Oerland, JJ. 20, TTiM). 

BROMO - OXY - NAPHTHOQUINONE SUL- 
PHONIC ACID C, JT BrSO, i.e. f 

C,„H,0,Br(0H)(S0,H). From (/^i)-naphthol sul- 
phonic acid and Br, di-bromo oxy-n.-iphtbo- 
quinone being also formed in .small fpiantity 
(Armstrong a. Graham, C. J. 39, 138; Arm- 
strong a. Streatfeild, C. J. Vroc. 1, 2.32).— 
BaC,„IT,BrSO,. 

BROMO-OXY-NICOTINIC ACID v. P.komo- 

QJtY-rYJlimNT! CABnnXYIiTC ACID. 

BROMO-OXY-OCTOIC ACID GJI^BiO, i.e. 
CII,.CH]{r.CII,.CH(COTT).OIF.CII<6iI).CHj. 
Bromo-oxy-di-propijl-acetic acid. 

b /CH..CH.CII3 

LactoncCU,.CJlBj:.CJl.Cll( ‘| 

* ‘ \ CO.O 

S.G. -- I’394. From di-ally?-acctic acid and 
ITBr, the compound (CIk,.CHBr.ClI,),Cn.CO,II 
being probably first formed (ITjclt, A. 210, 73). 
Oil. Insol. cold water, v. si. sol. warm water. 
Insol. cold NaOH. Boilt-d for a long time with 
water or aqueous Na.,CO,, it apjv ars to form the 
■ .CH.,.CllMe 

lactone Cn,,:CH.CH 2 .CII<: '( v. Oxy- 

\ CO.O 

OCTENOIC ACID. 

Tri-bromo-oxy-octoic acid. Lactone 

CH,Br.CHBr.CH2.cn< * I From 

\ CO.O 


di-allyl-acetio acid and bromine in chloroform 
(Hjelt, A. 216, 76), Oil. V. sol. ether. Insol. 
cold NaOHAq. Boiled with aqueous Na-CO, it 
forma (CH,(OH).CH(OH).CH3).,CH.CO,Na. 

I Tri-bromo-di-oxy-octoio acid. Lactone 
, CJI,,Br.,0, i.e. 

ClI,Br.CIIBr.CH...C(OII).CIT„.Cn(ClIBr).O.CO. 

I I I J 

From so-called ‘ di-allyl-oxalic acid ’ and bromine 
(v. OXY-OCTINOIO acid) (Sclialzky, J. [2J 
3t, 485). 

Tetra-bromo-oxy octoic acid C^n,.,Dr^Oj i.e. 
(Cir,B*r.CIlBr.Cn,,),,C(OH).CO,II. From so- 
called ‘ui-all.vl-oxalic acid’ and Br (SaytzelT, A. 
IS.), 189). Oil: readily splits up into HBf and 
the preceding lactone. * 

FAhijl ether EtA'. Oil (Sebatzky, J. U. 
17,73). 

DI - BROMO - HEXA - OXY - DIPHENYL. 

Methyl ether C,.J-l.Bi^(OMo),;. From 

the methyl ether of hexa-oxy-diphonyl and Br 
' (Ewald, B. 11, 1023). Needles (from alcohol or 
I lIOAe) ; cone. II.SO, forjiis a blue solution, 

I Tetra-broino-di-oxv-diphenyl C,..H,r>r,02 i.e. 

I CJI,lh-,(OII).C„IJ,lh-,(f)lf). [201'^].“ I'l-mn di- 
, oxy-diphenyl and Br (Magatti, B. 11, 22l‘»7 ; 13, 
i 22.>). Also by reduction of bromo-roso(juinone 
(Baeyer, B. 11, 1301). Fuming IINO3 forms 
brownish-red scabs of (Cjr^Br.p)^. 'Teira- 
byoino-di})hcnyl-quinone.' 

Acetyl derivati v e C,JI jAc^Br^O.^. [215°] ; 
needles. 

Tetra-bromo-tctra-oxy-diphenyl 

C, !• Let ra-broino-d i resorrdn. From 

tri-broino-reso(ininoiie C.jHBr.jOJ'O or 

Buand IlCl. Needles (from llOAc). ^I'linis brown 
at 230‘* and de(^m])oses at 280°. Insol. water, 
V. sol. alcohol and ether. Sodinm-ajiialgam 
gives diresorcin, lled-liot zinc-dust gives di. 
phenyl. 

I Acetyl derivative C,Jl.,Br,fOAe)^ . 
j [Ibo-’J; needles (from alcohol) (Benodikt, M. 1, 

; 352 ; B. 1 1., 2170). 

I Deca-bi'omo-tetra-oxy-diphcnyl C,.,BrJOBr) 

• Formed by adding Br and IICl to a solution of 
diresorcin in aqueous potaslj (Benedikt a. Julius, 
M. 5, 179). Uji.stable crystals, gives off Br 
(2 mols.) at 185°. SO.. rediuM'S it to C,.,Br„(OII),. 

BROMO-p-OXY-PHENYL-ACETVLENE. 
Methyl derivative C„lI.(Br(()!\lo).ClCH. 
[75°]. Formed by beating the methyl derivative 
of tri - bromo - 7) - oxy - phenyl - propionic acid 
CJUJrfOMcj.CllBr.CllBr.CJVil with ariueous 
KpH (30 2).c.). Plates. Give.s an unstable 
greenish-yellow compound with ammoniacal 
CuCl, (Kigel, B. 20, 2538). 

Di-BROMO-DI-OXY-DI-PHENYL-AMINE 
C,H,,(()II).Nil.CJl J }r..OII 1]. Lcuco-dU 
hrovw-quinone-'phenol-imide. [170°]. Colour- 
less prisms. V. sol. all ordinary solvents, except 
TV’ater. Formed by reduction of di-bromo-quin- 
^3ne phcnol-iniidc (V.Ioblau, B. 10, 2848). 

ti’g-cso- eso - TETR A - BROMO - o - OXY * A- 
PHENYL-BUTYRIC ACID. Methyl derivative 
CJl2Br2(0Me).CHBr.C]\IeBr.C0.JI. [c. 200°]. 
From (a) or (jS) methoxy-plienyl-crotonic acid 
and bromine vapour (Perkin, C. J. 39, 434). 
Crystalline powder (from chloroform). 

"Tetra-broino-di-oxy-di-pbenyl-methane 
C.aH Jir.O^ f GH2(C„H.,Br2.0H)2. [225°]. From 
di-oxy-di-phenyl-melhanc and bromine-wator 
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InetUereftl solation it forms an unstable crystal- 
line compound with hydric bromide 0,.H^r^0- 
(Beck, B. 10, 1837). « » a 

BROMO-OXY-PHENYL-METHYL-PYKAZOLE 

Broino-iilimyhmcthyl- 

pyrazolone. [c. 130°]. rromoxy-])licnyl-mctliyI- 
pyrazole and Rr in glacial acetic acid (Knorr, A, 
238, 170). Sol. alkalis, and dilute acids; insol. 
water. SI. sol. ether, v. sol. glacial llOAc and 
chloroform. In alcoholic solution it slowly 
forms pyrazoln-blue. Fe.,CI^ forms pyrazolo- 
blue. 

Dipbromo-oxy-phenyl-methyl -py razol e 
CjgHgNaOBro i.e. J)i-hromo- 

'phenyl-methyl-pyrazolone. fH0°J. From o\.y- 
phenyl-methyl-pyrazolc (Ipt.) and 13r (2 pts.) in 
acetic acid solution (Knorr, A. 23>S, 177). Sol. 
alcohol, lIOAc, other, and CIlOl., ; in sol. water, 
alkalis, and acids. Not attacked by Fe^Cl^. 
Reduced by Sn and IICl or fuming HI to oxy- 
phcnyl-methvl-pyrazolo. 

BROMO^OXY-PHENVI-METHYL-PYRIMID- 
INE C.,H.N,BrO i.c. C.«.-<x;c{c"|)>Cnr. 
[2G0°]. Formed by brornination of oxy-phenyl- 
rncthyl-pyrimidine. Glistening needles (I'inner. 
B. 20, 23(31). 

BROMO-o OXY-PHENYL-PROPIOLIC ACID. 

Mctkijl dcrivntiv e 

C«H,(OMe)lh-.CiC.CO,lI. [1(38°] (with decom- 
position). Froiri tile iiictliyl de rivative of tri- 
bromo-oxy-phenyl-propioiiio acid (^.v.). Short 
white needles (from benzene). 

BROMO - o . OXY . - PHENYL - PROPIONIC 
ACID C,H,,RrO, i.c. C,n,Rv(011).CiI.,Cf r,,C(),II. 
BrmiO’ineillotic acAd, [1-12'^]. Froin its anhy- 
dride by boiling with water. Rootangmlar tahl<-s 
(from chloroform). Sol. alcohol, si. sol. water. 
Changes on melting into its anhydride. 

Anhydride j >CO.[10G°]. 

From rnelilotic anhydride amrilr in CS._. in the 
cold (Fittig a. Ifochstettcr, A. 22(3, 3(31).' Thick 
prisms (from chloroform). Bromine is not taken 
out by boiling alkalis. Sol. alcohol and chloro- 
form, si. sol. CS.. Slowly converted by boiling 
water into bromo-mclilotic acid. 

a-Bromo-i3-oxy-)3-phenyl-propionic acid 
CA.Cri(On).CHBr.CO.,H. [122"]; [FJo", an- 
hydrous]. From a;3-di-bronio-^-ph(;nyl-2jro]yionic 
acid by boiling with water (Gla.scr, A. 147, 

Thin lamime (containing aq). Boiled with very 
dilute Na^COa it gives phonyl-acctic aldcliydc; 
rji.ClI(01I).CHBr.CO.,H u. 

Ph.CH . CH.CO.H I lIBr- 

\o/ 

Ph.ClI.CH(OU) + nHr- 

6.00 » 

Ph.CH:CH.OH + CO, + HBi- * 

l>h.CH,.CHO + COJ^ IIBr. 

The yield is 75 p.c. of the theorelical, but some 
phenyl-glyceric acid is also formeu : 

Ph.CH. CH.C0,II + H,0=- 

\o/ 

Ph.OH(OH).CH(On).CO,,II 
(Brlenmeyer, B. 13, 308). S a 1 1.— AgA'. 


iSiS-Bromo-a-oxy-a-pliemyl-proplonic aeld 

OHBr.j.CPh(OH).CO.jH. ^ Di - hromo ’atrolactib 
acid. [167°]. Prepared by dissolving di-bromo- 
pyruvic acid and benzene in cold H SO,. Long 
needles or four-sided tables. Sol. benzene and 
CS.^, si. sol. cold water. By boiling with water 
it decomposes into C(),„ ITBr, and w-brom- 
acetophenone (CJI-.CO.CILBr). On reduction, 
it gives atrolactic acid (Bolthigci-, B. 11, 12«5). 
•Bromo-di-oxy phenyl-propionic acid 
Methylene <^thcr C,„IIyBrO, or 

Cn, <Q>CaH.J3r.CIL.CIL.CO.,TI. Broim- 

pipcro-propionic acid. [110°]. Fiom sodium 
bromo-(^)-hydro-i)ipcrato and KMnO, (Wein* 
stein, A. 227, 41). iNlonocliiiic cryslals (from 
ether) sol. alcoliol, rd. sol. water. — ('a.\',,. 
Di-bromo-o-oxy -phenyl-propionic acid 

l)i-bronio-ni('lilol ic <t-:i 1. [115'*]. 

From rnelilotic acid and Br (Zwen^u-r, .4. Siippl. 
5, IIG). Needles; may i)C distilh'il. -lhiA'.,5aq 
a-^-Di-broino-o-oxy-phenyi-propiouic acid. 
Di-bromiile of coumaric acid. 

Meth,yl derivative 
C,M,(bMc).Cl IBr.CIJBr.COJI. [102"]. 

S. (CllCla) 2*7 at 17"’. From the metliyl deriva- 
tive of coumaric acid C„ll,(()Me)(;d 1 CH.CO.jr 
and Br. V. sol. ether. Deeomi)L)Sed by aqueous 
alkalis. With bromine vapour it gives rise to. 
C.,ltBr.,(O^Ie)CllBl^CJ^Br.C(),lI^c.202 ]. Crys- 
lals (from benzene) (Perkin,’ 6. J. 30, 420; 
Fitlig a. Ebert, .1. 210, 157). Strong potash 
(l:J) forms (.'..ll,((.)He)C4ir)r.CO,,]I [171 ], 

])i met lull ether 
C,H,(OMe)OliBr.CllBr.C().,l\rc. 

(a) -compound [125^]. S. (CSJ 3*4. 

(/3) -com poll nd [Oh'J. S. ((3S .) -4. 

These two compounds are fornu 4 together by 
acting on th<^ isomeric mellioxy i)li"nvl-aoij, lab s- 
of methyl with bromine in CS_. But the (u)- 
i.'.oiueride gives cliielly that mrltiii'f at 125^’ 
while the (/3)-’someride forms clii< ily the other 
(Perkin G. */. 30, 424). Alcoholic potash con- 
verts both into nu thoxy-plu nyl-bi omo-a .Tylia- 
acid. 

E ( h yl de r i r a I i v e 

C,IL(OEt).CilBr.CilBr.COjr. [155-1. S. (CS.) 
1-03 at l.S'h From tho clliyl ch rivatives of 
coumaric and of coumarinic acids by Br (F. a. E.). 
Small crystals (from 
Di-ethyl ether 

C, II,(OKt)B': IBr.Cl rBr.CO.Ft. [78°]. From 
CJI,(OEr)CM:CH.CO.Ft and Br in CS, fP.). 

c.so-Di-bromo-;j-oxy-|8 phenyl-propionic acid 
HO. C,jH.^Bro.C H.,.C i I.,.C 0^ 11., Di- bnaiio - h ydro- 
p-coiimaric acid . [lOH"]. I'Vom atjucous hydro- 
jr>-coumaric acid and cold bromiiie-wiitcr (.s"l0hr„ 
A. 225, 04). Neoub'S (from acetic acid). 

S a 1 I s .- (NH d-/ ■ 1 1, .BivO,.- A g_C,,l 1 .,Br,0,. 
o/l-Di-bromo-^^.ixy-plienyl-propionic acid 
C,H,(OH).CHBr.CIjl>r.COJl. p - Coumaric- 
\ acid -di-bromide. k 

Methyl derivative 

CJIdOMJ).CHBr.CJIBr.CO,TI : [141E] ; colour- 
le.ss crystals. Formed by combination of the- 
methyl derivative of j^)-couniuric acid with Br. . 
Di-methyl ether 

C6n,(OMc).CI]Br.CHBr.CO,Mo : [11S°] ; m. 

Bol. ether and chloroform. Formed by com- 
bination of tho di-methyl ether of ^^coumarifl 
acid with bromine. When boiled with aqueoush 
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potash solution (30 pA) it is converted into 
the methyl derivative oi «-bromo-p-vinyl-pheno 
€.H4(OMe).CH:CHBr (Valentini, 0. IG, 424 
Eigel, B. 20, 2536). 

Di - bromo - di- eso-oxy-aa-di-phenyl-propionic 
acid Di-hroDW-di-'iihoMoproinonic 

acid. Formed by bromination of di-plieno-pro- 
pionic acid CH3.C(C^H/)H)o.CO.H. Amorphous 
powdbr. Hoi. alcohol, in sol. water. 

Di-acrtyl derivative C,.H,„Rr,^(OAc).^(V.,; 
insoluble light yellow powder ,/]{6ttingcr, B. 10, 
2073). 

Tri-bromo-p-oxy-phcnyl-propionic acid 
C«H3Br(OH).CIl lU'.ClIBr.CO.JT. Bromo - jo- 
coumaric-acld-di-hromide. [188^]. Obtained 
by the action of bromine upon p-coutnario 
acid. Needles. By alcoholic KOTl it is con- 
verted into tri - bromo - oxy - ethyl - benzene 
«C,H,Br(OII).CIiBr.CIT,Br. * 

Methi/L derivative 

C„H,Br(OMe).CTJIJr.CIIBr.COJI : [1G2°] ; 

needles. Formed by the action of bromine 
upon the methyl derivative of y?-coumaric acid 
C,H^(OMe).CTl:CH.CO,H. By heating with 
aqueoii.s KOTl (30p.c.) it is converted into bromo- 
methoxy - phenyl - acetylene C^H3Br(0]\Io).C:CII 
(Eigel, B. 20, 2534). 

o-a-;3-tri-bromo-o-oxy-phenyl-propionic acid 

Methyl derivative 

►C«n3Br(OMe)CTTBr.CHBr.CO,H. [185°-188°]. S. 
(chloroform) *42. From methyl-o-coumaric acid 
and bromine vapour (rorlviii, C. J. 39, 417). 
White nodules (from benzene). 

Boiled with sodium acetate it gives off CO2 
forming the methyl derivative of o-ca70-dibromo- 
o-vinyl-phenol, C,iH3Br(OMc)C2Tl2Br, a viscid 
oil. Htrong KOII (1:1) gives the methyl deriva- 
tive of bromo-oxy-phenyl-propiolic acid [q.v.), 

Tetra-bromo-o-oxy -phenyl-propionic acid 

Methyl derivative , 

■CJl2Br,,(dMc).Cnnr.CHBr.C02H. [202°]. From 
the preceding and Br (P.). - 

DI - BROMO - DI - OXY - DI - PHENTIT. SUL- 
PHIDE. S(C,H3Br.01I)2. [173°]. From p- 

bromo-pheiiol and SClj in CS^ (Tassinari, O. 17, 
01). Amorphous, reduced by zinc-dust to 
'e(C«H.OIT),. [128°]. 

DI - BROMO - DI - OXY - DI - PHENYL - SUL - 

PHONE. Di -methyl derivative 
S02(C«H3(OMe)Br)... [IliG^]. From SO,(C JI^.OMe)^ 
And Br. Small plates, v. sol. boiling alcohol 
(Annahcim, A. 172, 48). 

Di- ethyl -derivative ^02(Ccll3(0Et)Br)2. 
{183°]. , 

Di-isoamyl m'rivative 
.S02(CJh,(OCji„)Br),,., [100°]. 

Tetra-bromo-di-oxy-di-phenyl sulphone 
SO,,(CJT,Br,. 011)2. [270°]. •From di- oxy -di- 
phenyl -sulpliono and Br. Thick monoclinic 
prisms (from alcohol). 

TETRA - BROMO - OXY - PHENYL-VALERIC 
ACID. Methyl der$:ative 
>C,n2Br.,(OMc)CTTBr.CEtBr.CO..H. [159°]. From 
(a) and {&) methoxy-phenyl-angelic acids and 
bromine vapour. Crystalli.sed from light petro- 
leum (Perkin, C. J. 39, 437). 

Di - bromo - di-oxy-phenyl- valeric acid 

Methylene derivative C,2H.2Br20, i.e. 

'CH2<^^^C.,Il3.C,II,.Br2.C02H. Di-hromo-inper- 
hydronir. arid. [136°-140°]. From (a)-hydro- 


piperio acid and Br (Fittig a. Mielck, A, 172, 169*, 
Weinstein, A. 227, 33). Warm NaOHAq gives 
piperio acid. Sodium-amalgam gives hydro- 
piporic acid. 

Tetra-bromo-di-oxy-phenyl-valeric acid 

Methylene derivative 

Cn,<o>C.H,.CHBr.CHBr.CHnr.CIIBr.CO.,H. 

Tetra-bromo-pipcrliydronic acid. [1C0°-1G5°]. 
From piporic acid and Br (F. a. M.). Alkalis 
give HBr and piperonal CIl.dX.C.iHa.CTIO. Boil- 
ing water prod uces IT B rand ‘ d i- b r 0 in o - p i p e r- 
inide ’ 0j2H.jBr20., [13G°] ; this body crystallises 
from alcohol in prisms, iiisol. water and alkalis, 
converted into piperonal by boiling aqueous 
NaXO.,. Further treatment* witli water con- 
verts (ii-bromo-piporinide into broino-oxy-piper- 
inide OiylloBrOs [132°], which separates from 
alcohol in monoclinic crystals, insol. aqueous 
Na-XO.,. 

BROMO-DI-OXY-PHTHALIDE. D i-m e t hyl- 

derivative CjoH^BrO^ i.e. 

C.n,Br(OMe),<®° >0 [»:C:6:f] . 

Bromo-pscAido-mcconinc. [i42°]. White floccu- 
Icnt solid (Salomon, B. 20, 8S7). 

BROMO-OXY-PIPERINIDE v. Tetha-bromo- 

DI-OXY-PlTENYL-VALElUe ACID. 

a-BROMO-)8-OXY-PROPIONIC ACID 
C3H,.Br02 i.c. CTl2(()H).CHBr.C02TL Bromo- 
hydracrylic acid. Formed by warming silver 
a)3-di-bromo-propionate with water (Becknrts a. 
Otto, B. 18, 236). Syrup ; converted by moist 
Ag.p into glyceric acid. Salt . — ZnA'^. 

*/3-Bromo-a-oxy-propionic acid 
CH2Br.CH(0H).C02lI. ^-Bromo-lactic add. 
[90°j. From c^:y-acrylic acid and HBr (^Melikoff, 
B. 13, 958). ih’isms (from ether) ; miscible 
with water. 

Di-cthyl ether CH.Br.Cn(OEt).C02Et. 
From Cll.Xr.CTTBr.CO„Et and NaOEt (Michael, 
J.pn [2] 35, 136). 

o/Q-Di-bromo-a-oxy-propionic acid 
CII.Br.CBr(OII).CO,,lI. Di-hromo-lactic acid. 
[98']. From acrolein dibromide and cold dilute 
HNOa (Linnemami a. Beni, B. 8, 1101). 

iSj-Di-bromo-a-oxy-propionic acid 
CnBr,..Cn(OH).C02TT. Di-bromo-lactic acid. 
From the nitrile and HClA(j. Syrup. 

Nitrile CHBr.,.Cll(OH).CN. From di- 
bromo-aldehyde and HCN. Oil (Pinner, A, 
179, 71; B. 7, 1501). 

/3j8j8-Tri-bromo-oxy-propionic acid 
CBr.,.CH(0IT).C02H. Tri-hromo-Iactic acid. 
[143°]. From bromal, HCN, and HCl (Pinner, 

B. 7, 1501; Wallach, A. 193, 50). 

Ethyl ether ElA'plG°]; prisms. 

Nitrile CBivCHiOIIj.CN. From bromal 

hydrate and cone. HCNAq. Prisms, v. sol. water. 
Tri-hromo-ethylidev e ether v. Bbo- 

MALIDE. 

o Tri-chloro-\thylidcne ether 
CCl2.«H(C3HBr303)2. [134°]. Formed by heating 
tlio acid wuth chloral. 

DI-BROMO-DI-OXY-PROPYL-BENZENE v. 

Bromo-eugenod. 

Di-bromo-tri-oxy-propyl -benzene. Di-bromo- 

projyyl-pyrogallol. 

Di-methyl derivative C„Hi4Br,0, i.e. 

C. ,(C..H,)Br2(6n)(OMe)2. [109°]. Acetyl deri- 
vative C,(0,H,)Br2(OAc)(OMe), [102°J. 
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Methyl di^acetyl derivative [45°]. Obtained by add^g bromino to a cooloJ 

Oa(C3H,)Brj(OAo)2(OMe). [79°]. These com- chloroform solution of (B: 4) -etlioxy-tetra-hydro- 
pounds are formed by brominating the corre- quinoline. Long tricliiltc crystals. The hydrd- 
sponding derivatives of tri-oxy-proijyl-benzene clilorido crystallises in felted needles, the sul- 
(Hofmann, B, 11, 331 ; llrczina, AI. 4, 49*2 ; phate in colourless plates, and the oxalate in 
Pastrovich, M. 4, 18r>). prisms. The picrate forms sparingly soluble 

DI-BROMO-DI-OXY-DI- PROPYL -MALONIC yellow needles [108^1. TJie nitrosaiiiine formsf 
ACID (CIL13r.CH(OII).CHJ.^C(COoH).„ glistening plates [80 (Fischer a. Ilcnouf, /i. 

Di~lactnne * * 17,700). • 

CHaBr.CII.CIIox >CH...CIT.CIT,.Br. * DI-p-BROMO-DI-OXY-QT/Ih ONE 

I \C<^ ” I “ [130°]. CJlr,(OII),0, [1:-442:5:3 ;i;i. lirnmanilic acid. 

O.CO ' ^CO .0 Foniiiition. — 1. Hy dissolving di-, tri-, or 

From di-allyl-malonic acid in glacial IIOAc by i tetra-hromo-quinoiie in [)o{jish (Stenhouse, A, 
Br (Pjelt, B. 15,025; ^.210,01). The tetra- : 01,311; 8araaw, A. 209, 115). - 2. By heating 
bromide (CH.,]Rr.OTIl]r.CrL)aC(CO.JI).j is first j the sodium salt of di-oxy-qu'none-di-p-carbo- 
formed, but splits off 2HBr. Small plates (from ! xylic acid with cone. 'lIBr. — 3. Together with 
alcohol). Insol. cold water, si. sol. boiling ' tetra-bromo-quinono by heating (l,3,5,2)-tri- 
wator, V. sol. warm alcohol, si. sol. ether, j hromo-pl^aiol with iiyrosulphuric acid at 115° ; 
When boiled with baryta it ought to form I the reaction is anomalous as the two Br should 


Ba(CO.,).,C(CH.,.CH(OH).ClI.,011)., but this splits 
off BaCO^ forming the lactonic acid : 

Cn,Oli.GII.CH,.v 

I ‘ >CH.CH.. CH(OII).CTI,.OII. 

O-CO 

DI-BROMO-OXY-PYRIDINE C,H3Br.,NO Le. 
C5n,J3r.j(OIl)N. Prepared by heating piperidine 
with Br and water to 200 " (Ilofinann, Ji. 12, 9H1). 
Glistening scales. SI. sol. water, etluT, and 
alcohol. Sol. aqueous acids and alkalis. — 
(B'HCl).,PtCl, : long needles. -C,H,AgBr,ON; 
white pp. 

Methyl derivative: [193°J; longneedlos. 

Di - bromo - oxy - pyridine 0 JI.Br.^(OJT)N. 
[207°]. Long white needles. Formed by add- 
ing bromine- water to a solution of oxy-pyridino 
[107°] (Keinigs a. Geigy, B. 17, 591). 

Di-bromo-oxy-pyridine «(3^ILBr.^(011)N. 
[c. 200°]. Formed by the action of bromine- 
water upon (j3) -oxy -pyridine [125 ’]. Colourless 
needles. V. sol. water and alcohol, nearly insol. 


remain m to one another (Salzmann, B. 20, 
19971, V. also Di-cuLoao-ni-oxY-QUiNONE. 

Properties. — Monosymmetrical dark-rod 
needles or bronzy plate.s. Converted by Br into 
hexa-bronio-aeetone. A neutral solution of the 
Ka salt gives the following reactions : — CaCL : 
brown pp. — BaCl^ : yellowish-brown pp.— FeSO, 
and NiSO^: grcenisli-groy pp. — Fe.Cl,. : brown- 
ish-black.— Co(NO:,)3: brown. -ri)(()Ac),, : red- 
disli-brown. — Cu80^ : greenish-brown. — AgNG, 
and IIg.^(NO:,).^ : 1^0^11.: Jio pp. 

Salts.— Na.A"4aq : asymmetric crystals. — 
K.A"2aq: asymmetric cry.'^tals. — K,A"aii 

(liantzscli, B. ‘io, 1303; Ilantzsch a. Sclmitcr, 
B. 20, 2010, 2279). 

Di-bromo-di-oxy-quinone. Di-iv ethyl de- 
rivative O^Br.,(OMe).,0... [175 'J (Hofmann, B. 

11,332). 

Tri-bromo-oxy-quinono C,i(Oll)Br;,0.^. [*207°]. 
From oxy - hydroiphnono and l>r (lir, th a. 
Sclireder, ilL 5, 593). Orange grains ; sol. alco- 


benzene. Fe-^Cl,. gives a violet colouration. 

Salts. — B'llllr ; small white silky n odles. 
B'.^I'LS04’‘ : easily soluble plates. -B'..TI._.C;,0/ : 
needles si. sol. alcohol. Tlio picrate forms yel- 
low needles (Fischer a. Benouf, JL 17, 1898). 
BROMO - OXY - PYRIDINE - CARBOXYLIC 


! hol an.l GITCI3. 

! DI-BROMO-OXY-TOLUIC ACID. Methyl 
ethei ;C,HBr,Me(OMe).CO,M [?:?:4:‘2;1]. [194°]. 
From the metiiyl derivative of di-bi oino-thymol 
hv oxidation (Baterno a. Canzoneri, (J. 10, 233). 
DI-BROMO-OXY-TOLUQUINONE 


ACID C,H,N(Br)(()H)CO,H [l:5c:2:5J. IJromo-o.ry- 
nicotinic acid. [29(h'J. Obtained by saponilica- 
tion of the methyl-ether, which is formed by the | 
action of aqueous Nil, upon the metliyl-ethcr of 
brorao-cumalic acid. SI. sol. liot water, nearly 
insol. ether, alcohol, and acetic acid. 

Methyl ether C, 1 L,N (Br) (Oil) COAIe. 

[222°J. Slender glistening needles. Sol. hot 
water and hot alcohol. 

Phenyl derivative of the methyl-ether 
05HaN(Sr)(OBh)COaMe. [183°]. Formed by the 
action of aniline on the methyl-ether of cumalic 
acid in alcoholic solution. Distils without de- 
composition ; wh^o glistening needles, sol. al- 
cohol and ether, insol. watcT: (Peclimann a. 
Welsh, B. 17, 2398). ^ » 

DI-BROMO-OXY-QDINOLINE • 
C„K4Br,(OH)N. [195°]. Prepared by the action 
of bromine-water on a solution of oxy-quinolino 
(Bedall a. Fischer, B. 14, 1307). Wii te silky 
needles. Sol. alcohol, ether, benzene, CS.,, nsol. 
water, ligroin, and dilute acids. 

V . also Bromo-caruostyril. 

BROMO- (B.4)-0XY-QUIN0LINE TETRA- 
HYDRIDE. Ethyl ether CsH8Br,^(OEt)N. 


C„MeBr,(01I)0,,. (197']. Formed in small 

quantity by the action of dilute KOH on Iri- 
bromo-toluquinonc (Spica a. jMaguanimi, O. lil, 
312). 

BROMO - OXY - TOLYL- PHENYL - KETONIJ - 
CARBOXYLIC ACID 

C,.ll,(CO.Jf).CO.f JI,(CH,)(Jh)OlI. [228°]. Pre- 
pared by the action of Br and acetic acid oil an 
alcoholic solution of o-erns d-iibilialein. Small 
prisms. By heating wi'h H.BO, to 130° it ia 
readily converted into bromo-oxy nicthyl-anthra- 
quinonc. OhLoride !2()8'J (krandc, IL 12,239). 

1 DI-i3-BR0M0 e-OXY-a-TOLYL-PROPIONIC 
ACID C,„H,„Br,e,, /.e. CnBr,.C((U{,.)(OH).C02lI. 
Di - bromo-cso-metiiyl-atrolnclic acid. [103°]. 
Prisms or needles. ^Prepared liy dissolving 
di-bromo-iiyruvic acid and toluene in IL^SO^at 0°. 
By hot water it is decomposed into CO, and 
tolyl bromo -methyl ketone CTlIj.CO.CHgBr. On 
reduction it gives eso-methyl-atrolactio acid 
(Bottinger, B. 14, 1597). 

BROMO-OXY- VALERIC ACID. Lactone. 
CH3.CH.CHBr.CH,.CO.O. From jSy-di-bromo- 

I ] ! 

valeric acid by boiling with water (Messer- 
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schmidt, A, 208, 102]k Non-volatile oil; con- 
verted by boiling blryta-water into di-oxy- 
valeric acid. 

Di-bromo-oxy-valerio acid. 

Lactone CH.,Br.CBr.CH...CH,..C0.0 or 

I ^ ‘ 

CH,.CBi*.CHBr.CPI..CO.O. [78'’-8i°J. From 

I ^ 

(a)'Wgclico-lactoii(3 and bromine. Tliick white 
hygroscopic needles (from CS.). Water can- 
verts it ii:to HBr and bromo-le ’ulic acid (Wolil, 
A, 229, 2(14). 

DI-BEOMO-PALMITIC ACID C,JI,„Br,0,* 
[29'^]. Frd^ii hj’poganc acid and Br (Schroder, 
A. 143, 21). Amorphous and insol. water. 
Alcoholic KOH converts it into bronio-liypogtoic 
and pahnitolic acids. Atiuoous alkalis form di- 
oxy-palmitic acid. 

Di-bromo-palmitic acid CiJlaoBr.A^. From 
gaiolic acid and Br. Crystalline ; converted by 
alcoholic KOH into palmitolic acid (S.). 

Tri-bromo-palinitic acid C„jr_.,,lh;,Oo. [30®]. 
From bromo-liypogii’ic acid and Br. Amor- 
phous (S.). 

Tetra-bromo-palmitic acid. C,„II^Br^O.^. 
Yellow crystals. 

BROMO-PALMITOLIC ACID C.jr.BrO... 
[31°]. From tri-bromo-palmitio acid (r. sup.) 
and alcoholic KOH (S,). 

BRO MO -PENTANE v. Amyl biiomide. 
a;3-Di-bromo-pcntane CJI,oBr,, i.c. 
CHj.CHo.CTlBr.CIJBr.CH.,. Auiylcne bromide. 
(178 '). S.G. y l*dsi)8. From the corresponding 
amylene and Br (Wugner a. Saytzeff, A, 179, 
307). 

aoj-Di-bromo-isopentauo i*r.CIL.CHBrjj. 
Loauvjlidoic bromide. (170®-1B0"). From iso- 
valeric aldehyde and l’Cl.,Br„ (Bruylants, B. 8, 
400). Alei.didic KOII gives BrCIKCHBr (111®) 
andrr.CiCH. 

aa-Di-broino -pentane Pr.CBr..CIl 3 . From 
methyl propyl ketone and l‘Cl.,Br. (fh). %>lit up 
by distillation into HBr and Br.CBriCIL; (123®;. 
aj8-Di-bromo-isopentane 

(CH,,).;.CBr.CHBr.CH,. (170®-175 'h S.G. {' 
1*0370. IM^r. 12 047 -at 12*0 '. From tri^ 
methyl-ethylene and Br (Wurtz, A. Ch. [3] 35, 
458; Bauer, Bl. 2, 140). Converted by water 
(20 vols.) and FbO at 150*' into methyl iso- 
propyl ketone (FUekol'f,*/. li. 10, 215). 

Ifioamylene dibromide, formed by combina- 
tion of Br with isoamylene fr(Sm ermie fiisel oil, 1 
is a mixture of .several of the preceding di- 
broino-pentane.s (Cal^ours, C. li. 31, 201 ; Wurtz, 
A. Ch. [3] 4, 458 ; A. 123, 202 ; Beboul, G. 11. 
68, 1058; A. 133, 84 ; ‘Bauer, Bl. IHCO, 148; 
A. 120, 107; Z. 1801, 600; •Golowkinsky, A. 
Ill, 252 ; Olevinsky, 1801, 074). 

Valerylene diliydrobroniide (170®-175®), 
formed by the union of HBr with crude valcryl- 
ene is also a mixtu]*e of 4i-hromo-poiitanes. 

Tri-bromo-pentane C^^IIuBrs. From bromo- 
isoamylene and Br. 

Tetra-bromo-pentane CsII^Br^. Valerylene 
tetrabromide. [-10®]. From crude valerylene 
and Br (Beboul, A. 132, 119 ; 135, 372). 

Tetra-bromo-pentane CjHhBr^. Fipcrylcne 
tetrabromide. [115®]. From piperyleno and 
Br (Hofmann, B. 14, 664). A liquid isomeride 
is also formed (Magnanimi, G, 16, 390). 


1 Tetra-bromo-pentane Isqgrono 

tetra-bromide. From isoprene (Tilden, &. N. 
46, 120). 

Penta-bromo-pentsne CjHjBr,. Two bodies 
of this composition are formed by the action of 
Br on valerylene in sunlight (B.). 

BROMO - PENTENYL ALCOHOL Ethyl 
ether C^H.^BrO i.e. C,H,Br.()Et. (177®-180®). 
S.G. 1*23. From tri-bromo-pentano and alco- 
holic KOH (Beboul, .4. 133, 81). 

BROMO-PENTINENE v. Bhomo-valkuylenis. 

BROMO-PHENANTHRAQDINONE v. PnaN- 

ANTTIR.VQUINONR. 

BROMO -PHENANTHRENE v. BiiSnan- 

TiniKNE. • 

BROMO-DI-PHENIC ACID 
CO,ILC,H,.CJi;Br.CO,i£. [23()°uncor.]. Formed, 
together with its di-hromide, by heating diphe- 
nic acid with bromine at 80®-100®. Small 
white pri.snis. Sublimes with dilliculty. Not 
volatile with steam. V. sol. alcohol, ether, and 
acetic acid, si. sol. benzene, chloroform and CS.j, 
iiisol. cold water. ^ 

Salts.-' A"Na.; white v. sol. amorphous 
liowdcr. — A"Ba3a(i; sparingly soluble needles. — 
A"Ag.^: white itisol. pp. — A"Cu: si. sol. amor- 
phous green powder. 

Di-ethyl ether A'Et.^: [05®]; crystals 
(Claus a. I'lrler, B. 19, 3119). 

Bromo-di-phenic-acid-di-bromide 
C,.^H 7 Br;,(C 0 .. 11 ).. [250® uncor.]. Formed in 

small quantity (15 p.c.) by heating diphenicaoid 
(1 mol.) with bromine (2 mols.) for 8 days at 
100®. Glistening colourless needles (from hot 
alcohol). SI. sol. ordinary solvents. Its alka- 
line solution decomposes very easily on heating, 
i forming salts of di-bromo-di-idienic acid. It 
I has a very bitter peculiar taste.-- A"Na : soluble 
i silky plates (Claus a. Edler, B. 19, 3152). 

Bronio-di-phenic acid 

[4:1] g,H,(C()OH).CJl 3 Br.COOIT [1:4:2]. [208®]. 

I Formed by oxidation of the li(|uid (1,1,1', 4', 2') 

' inono-broiTio-ditolyl with CrO., /iiid acetic acid 
I (Caniellcy a. Thomson, O.J. 47, 590). 
i Di-bromo-di-phonic acid C|,HJ>>‘.H|. [290®]. 

[ From di-brorno-phenauthra(piinono,K/h\.();, and 
IFSO^. Geodes of small crystals, v. si. sol. hot 
water, insol. alcohol and ether (O.stcrmayor, D. 
7, 1091). 

Di-bromo-di-pbenic acid C,.Fl,iBr 3 (CO.jH)._.. 
[245® uncor.]. Formed by heating di-phenic 
acid (1 mol.) with bromine (2 mols.) at 200®, or 
by.heating aqueous solutions of salts of mono- 
broino-di-phenic-acid-di-bromide. ISmall glisten- 
ing needles. Not volatile witli steam. Sublimes 
with dilliculty. SI. sol. berizcjie, chloroform, 
acetone, CS.., and hot water, nearly insol. cold 
water, v. sol. alcohol, ether, and acetic acid. 

Salts. — The alkaline salte are very soluble 
amorphous glassy masses. — A"Ag 3 : while 
amorphous pp. - A"tJa 3aq: easily soluble plates. 
— A"JPU: si. sol. microcrystalline powder. 

Di -ethyl ether A"Et.. : [106® uncor.] 
crystals (Claus a. Edler, B. 19, 3149). 

o-BROMO-PHEKOL C,H,BrO i.c. C.Tl 4 Br(OH) 
[1:2]. (195®). From o-bromo-anilino by the 

diazo- reaction (Fittig a. Mager, B. 8, 362 ; 
Korner). Formed in small quantity in bromi- 
nating phenol (Hiibiier a. Brenkcn, B. C, 171), 
Oil; volatile with steam. Potash-fusion give! 



BBOMO-PHJENOL. 607 


resorcin. HNO. forms bromo-di«nitro* phenol 

pis®]. 

Methyl efhsr C.H^Br.OMe. (223°). From 
the methyl ether of o-ainido-phenol by Sand- 
meyer’s reaction (Wallach a. Hensler, A, 213, 
238). 

m-Bromo-phenol C,II,Br(OH) [1:3]. [33°J. ! 

(236°). From wi-bromo-ai)ilino by the diazo- 
reaction (Korner, G. 4, 383; Wurstor a. Nbltin;^, 
B. 7, 905 ; F. a. M.). Crystalline. Potash- 
fusion gives resorcin. IINO3 bromo-di- 

nitro-plicnol [92°]. 

p-Bromo-phonol CJI,Br(On) [1:1]. [01°]. 

(237°). S.R. (18°-77°) -3157. S. M22 at 15°. 

Fbrmatioii — \. By distilling bromo-o-oxy- 
benzoic acid with*BaC03 (Cahours, A. Oh. [3] j 
13, 102). — 2. By passing air saturated with Br 
(ICO pts.) into cooled ]dienol (91 pis.) (Korner, A. 
137, 197).— 3. Bromine (lOOg.) is dissolved in 
glacial HOAc (200 g.) and added to iihcnol (91 g.) 
dissolved in HOAc (300 g.) (Hiibnera. Brenken, 
B. 6, 171). -'!. From 7J-bromo-anilino by the 
diazo- reaction (K. ; F. a. M.h 

Propcrlics, — Largo crystals (from chloro- 
form) ; si. sol. water, v.*sol. alcohol. Diinetric ; 
a:c = l:l*46. Its heat of neutralisation has 
been determined by Werner (0. It. 98, 1333; 
Bl. [2] 16, 281). Nitration gives bromo-di-nitro- 
phonol [7C°]. Potash-fusion gives resorcin. SCI, 
forms S(C,H3Br.OII)., [17G°J (Tassiiiari, G. 1?; 
83). 

Methyl ether CJIjBr.OiMe. Bromo-anisoh 
(223° cor.). S.G. yi-19l. 

Ethyl ether C.,1 IJh.OEt. (233°). 

Isopropyl ether CJI,Bi‘.OPr. (230°). S.fK 
1*981. 1*553. From isoprop vl phenol and 

Br(Silva, .ZiZ. [2]13, 27). ^ 

Benzoyl derivative CHlIjiTr.OBz. Crys- 
talline. 

Bromo-phenol (Fourth). (23G°-238°) (Fittica, 
J. pr. [2] 28, 17G; B. 19, 2G32 ; A. Oh. [G] 1, 5G1). 

Preparation.— V\\o.y\6\ (10 g.), alcohol (iOg.) 
and amorphous phosjdiorus (3g.) are mixed and 
cooled wliile bromine (17 g.) is added througli a 
capillary tube. The product is washed with 
dilute Na-.COj, dried and dislillc d. It contains 
di-bromo-phenol and tlie new body. I’his can 
only be distilled wlien in small quantities, in 
larger masses it undergoes carhc'uisatiou. 

Properties, - solid at 10 k 

- Bromophenol (1 pt.), glacial 
acetic acid (3 pts.), and HNO., (S.C. 1*1) added 
gradually form crystals of a moiecular compound 
0„H3Br(NO.,)OII.C<;H.,Br(NO,,)./)iI which crystal, 
lisea from alcohol and melt.s at [(50^-65 ]. 
Fuming UNO,, converts this into a bromo-di- 
nitro-phenol [I08°-110^J, isojiicric with those 
known. By tlio action of liaryta on tlic above 
molecular compound a second such body 
(C3lt.Br(NO.,)OII),CJLBr(NO,),OII is gut. 

The existence of four bromo*iihcuols would 
be contrary to the general ru^ tliat only three 
isomeric di- derivatives of benzene can Ij^:; ob- 
tained ; according to Hand (.4. 231, 129) tho 
fourth bromo-phenol is merely p-bromo-phcnol 
of which the melting-point is lowe’X’d by a trace 
of moisture. 

Di-bromo-phenol C,lLBr,,(OTI) [1:3:4]. [10°]. 
S.H. {18°-73°) *243G. IS. *194 at 15° (W.). 

Formation. — 1. By distilling di-bromo-sali- 
oylio »3iid with baryta (Cahours, A. 52, 320), or 


by heating with dilate at 230° (Peratoneri 

G. 16. 402).— 2. By passing bromine-vapour (2 
mols.) into cold phenol (1 mol.) (Korner, A. 137, 
205). 

Propcrlies. — Crystalline mass, v. si. sol. 
water, v. sol. ordimiiy solvents. IINO3 forma 
picric acid. It4 heat of neutralisation has been 
determined by W<‘ruer {G. It. 1333). Heated 
with dilute H,HO, in sa'aleJ tuln s, it isconvi^rted 
inCh mono- and. tii-bromo-plieuol (Peratoner, 
O. 16, ‘103). / 

Methyl ef/ler CJL,P>r.dOMe). [59°].^ (272°). 
From di-bromo- phenol, N.iOll, ^and RIcI. 
Formed also by bi'omiiiiitiiig anisol (C.). 

Nitro-henzo III deri lutli ee 
C.;H,,Br.,O.CO.CJ I ,NO.,. [90 1 00 ' j. From ben- 
zoyl-pbenol by bromination followed by ni- 
Iraliou. ^ 

Di-bromo-phcnol CJT,P.r,(OIl) 1G:2:1]. [5G°]. 
i Formed by distilling tetra-bromo-plienol-phtlia- 
I lem with cone. H.^SO, (Baeyer, A. 202, 138). 
Also from di-bromo-p-ainido-i>henol hv displacing 
NIL, by H (Huh hill, B. 15, 2J9i). i\‘la.ss of thin 
neodIe.s (from water). 

Di - bromo - phenol CJT ,r>i*,,(()H) [1:3:5]. 

1 [7G*5°]. Formed, together with its metliyl ether, 
by heating s-tri-bromo-beiizeno with NaOMe 
i (Blau, M. 7, G21). Converted by potash-fusion 
into pliloroghiein. 

Methiil ether C.TT..Br.,(()He) : [38°]. 

Ethyl e/Z/er r. Th,I5r,(()I';t). (2G8 '). Formed 
by boiling di-bromo-o-di-a/,o-]>he)ielol nitrate, 
C,dl,l’r,(OFt)N.,N(.).„ with water (Mohlau a. 
OehmiiGien, J. pr. 132, 182). 

Tri - bromo - phenol C„II lh*.(On) [2:l:0:l], 
[92 j (Wilsiie/, A. 215, 235) ; [95 '] (Korner). S. 
*01)7 at 15 (W.). 

j Formation .— From phenol and Br Hiau- 
I rent, A. Ch. [3] 3, 211; Khmer, .1. 1 37, 208). - - 
! 2. By distiliiNg tri-brtjmo-falieylic acid with 
' sand and baryla (G.). — 3. By tii'al infi; indigo with 
; hromine-wat* i — 4. From potassium i»henol di- 
siilphoj^ite and Br (Schmidt, B. II, 8, Vi), 
i Properties . — Long silky nta dlrs (IVom dilute 
, alcohol) ; may ho sublimed. V. si. sol. water, v. 

; sol. alcohol. Its lieat of neut.ralisati(jii has been 
I examined by Werner and liertholut [C. li. 98, 
1333; A. Ch. [GJ 3, 552). 

Beaclions. — 1. Nitric arid furins di-bromo- 
nitre-, bromo- di -iiitro-, and tri - nitro -phenol 
' (Armstro’ig a. Harrow, C. J. 29, 47G). 2. CrOj* 

• and HOZ*: give, tol'-a-biomo-iiiiinoni' and nmor- 
; phous insoidhle H.lh.O, (BdiMlOv, A. 199, 

: 131 ), — 3. Jironiine-traler forms (.'Jl BiyOlh’ (?) 

' [118'] which forms ye.llo.s s, itisi.h water, 

ether, .and alcohol; it ex! n il; Hu' I'olJowiiig le- 
' actions: (a) At J;3) ‘ it sjdits U[) into Br and the 
; emnpouud C,.Jl,,Brn,. (6) Aniline forms tri- 
I hronio-phcnol and 1; ' iji'onio aiiiliiu'. (c) Phenol 
I forms Iri-broino-pii' .'oi. (d) It is also reduced 

, to tri-bromo-phenol by Imiling alcohol or by Sn 
'and JlCi (Beiiedikt, B. 12, 1005; M. 1, 3G0; 

I Werner, BL [2] 43, 373). 

i Ethyl ether CUBh.OYA. [GO °] ; prisms 
I (Piirgotti, G. 10, 52G). 

Propionyl derivative C ,110,0, jILBr, 

I [G5°] (Guaresehi a. Daccomo, B. 18, 1174). 
j Benzoyl derivative C,.H^Br30Bz: [82°]; 

: small colourless prisms ; soluble in alcohol and 
^ ether, nearly insui. water (Duccomo, B. 18, 1168). 
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’ M-bromo.plieiiol 

>. • Rthyl ether 0«H|Bra.0Et. [73®]. Prepared 
■ftrom tri-bromo-di-azo'phenetol by boiling with 
water and extracting the product with ether 
(Mdhlau a. Oehinichen, J". pr. [2J 24, 484). 

Tetra-bromo-phenol C„HBr^OJI [2:3:4:6:1]. 
[120°]. From tri-bromo-phonol and Jir at 180° 
(K.). Formed also by warming C^HoBr-jOlh* (y. 
snp.f with cone. Needles (from alcohol) ; 

may be sublimed. Bromine converts it into 
CJiBr^OBr [121°] which sopa^ites from chloro- 
form in monoclinic crystals dn 1 is reduced by 
boiling alcohol or by Sn and IICl to tetra-bromo- 
phenol (BAiedikt, M, 1, 301). 

Penta-bromqi-phenol C.Brs.OIT. [22.5°]. Ob- 
tained by heating tri- «r tetra- bromo-phcnol 
with excess of Br at 220° for some days (Korner, 

A. 137, 210). Formed also by lieating C,illBr,OBr 
with cone. H.,S( ), (Ihmedikt, M. 1,,3(50)> Adaman- 
tine needles (from CH;,) ; may be sublimed. 
Cone. UNO., forms bromopicrin and tetra-bromo- 
quinone. PBr, forms C^Br. (Gessner, B. 9, 1505 ; 
lluolT, B, 10, 12.31). 

Hexa-bromo-phcnol C,;Br 50 Br. [128°]. Pre- 
I)ared by heating tri-bromo-phenol with excesa of 
bromine in sealed tubes at 220°. Yellow cry.stals 
of trimetric system = 1: •82:*114), iiisol. 

cold alcohol, but decomposed by boiling into 
penta-bromo-phenol. On heating with aniline 
it yields penta-bromo-phenol and tri-bromo- 
aniline (Benedikt, M. 1, 303). 

TETRA-BROMO-p-DIPHENOL v , Tetka- 

IJaCMO-DI-OXY-niPllENYL. 

TETRA-BROMO-PHENOL-PHTHALEiN v. 

Phenol-piitiialejn. 

BROMO-PHENOL o-SULPHONIC ACID 

Cj.H3Br(OH).BOaII. The K salt is formed by 
adding Br (1 mol.) to an aqueous solution of 
potassium phenol o-sulphonate. The free acid 
is very deliquescent. — KA'; pointed needles— 
BaAV — CiiA'o (Senhofer, A, 15C,'ll4). 

Bromo-phenol 7 J-sulplionic acid 
CaH 3 Br( 01 I)(S 03 H) [2;1:1J. Formed a|. in the 
preceding case (S.), or by passing bromine- 
vapour into a cold cone, solution of phenol y- 
Bulphonic acid (Lo Canii, C. li. 103, 385). Deli- 
quescent needles (containing 2aq). — KA'. 

Bromo-phenol sulphonic acid. 

Ethyl derivative Cjr,Br(OEt)(SO:,TT). 
From potassium plienelol sulphonale and Br 
.fLippmann, J. 1870, 739). Deliquescent mass 
(containing 4aq). — KA'. 

Bromo-phenol disulphonte acid *■ 
C 6 H,,Br( 0 H)(S 03 ll).^ [2:1 :1:0]. From an a(|ueous 
solution of potassw'im phenol disnlphonic acid 
(1 mol.) by adding Br (1 mol.) (Armstrong, C.J, 
25,605; Schmidt, jf>\ il, 852). Crystalline; v. 
sol. alcohol, in. sol. ctlu r. < Fc.Cl,; gives a red 
colour. II. NO;, forms hroino-iiitro-plienol sul- 

phonio acid, bromo di-nitro-phenol, and tri- 
iiitro - phenol. — BaA" 2aq. — K.,A". — PbA". — 
Ag,A". ^ 

Di-brorao-phenol o-sulphonic acid 
C 8 H.;Br.,( 0 II)(S 0 . 3 ll) [2:4:1:0]. [120°]. Formed 
by brominating potassium phenol o-sulphonate 
or bromo-phcnol o-sulphonic acid (Armstrong, 
C. J. 25,807; h5enhofer,.4. 166, 110; Schmidt, 

B. 11,856). Concentric needles; deliquescent. 
The aqueous solution is coloured violet byFe^Clj 
and is ppd. by Pb(OAc) 3 .— UNO, forms di- 
biomo-o-nitro-phenol[117°]*. Ba(CaH^rj,SOj 3 .— 


BaO„HJBr,80.. — OdO,H,BrjSO. liaq. — 

KC.H.Br.SO..-K,C.H,Br,SO..-PbO.B^r^O.. 

Di-bromo-phenol ^-inlphoiiio acid 
C„H^Br 2 (OH)(S 03 H) [2:6:1:4]. From potassium 
phenol 7)-sulphonate (1 mol.) and Br (2 mols.) 
(Senhofer, A. 150, 103 ; Armstrong a. Brown, 
G. J. 25, 857) ; or by passing bromine-vapour 
into an aqueous solution of phenol jp-sulphonic 
acid (Do Catiu, G. li. 103, 386). Formed also by 
diazo- reaction from di-bromo-sulphanilic acid 
(Schmitt, A. 120, 16 1). Rectangular scales- 
(containing aq). The solution is coloured violet 
by FeXl„ but is not ppd. by rb(OAc).,. — 

KC jr^Br.SO^ a(j . - K.OJI.,Br„SO; 2aq. - 
Ba(C,H 3 Br..SO,)., 2aq.— BaC,H‘Br..SO , laq. 

BROMO-PHENdXY-ACETrC ACID y. Bromo- 
phenyl derivative of Glycolltc acid. 

BROMO - PHENOXY - PROPIONIC ACID y, 
Bromo-phenyl derivative of Lact[c acid. 


o-BROMO-DIPHENYL C,.,TT„Br i.e. 

(298°). Formed by decom- 
posing o-diazo-diphenyl perbromide with alcohol 
(Schultz, Schmidt, a. Strasser, A. 207, 353). Oil, 
amellingof oranges ; oxidised by CrOg too-bromo- 
bcnzoic acid. ' 


^)-Bromo-diphenyl C^H,.C„TI^Br [1:4]. [89°] 
(310° i. V.). ^ Formed by adding Br to a solution 
of diphenyl in CS^. L.amiiuD ; v. sol. liot alcohol 
and HOAc, v. e. sol. ether. Smells like oranges. 
Chromic acid oxidises it to n-bromo-benzoio acid 
(Schultz, A. 174, 207). 

pp-Di-bromo-diphenyl [4:1] C,TIBr.C TLBr 
[1:1]. [164°] (G.; F.); [102°j (C. a. T.). (c.358°). 
Formed by heating diphenyl dissolved in CS.. 
with bromine at 100° (Fittig, A. 132, 204 ; 
Carnelley a. Tlioiiison, (7. J. 47, 588). Also from 
benzidine by the diazo- reaction (Griess, Pr. 13, 
383). Prisms and octahedra (C. a. T.) ; v. si. 
sol. hot alcohol, slightly volatile with steam. 
Smells like oranges. Oxidised by CrO, to 
p-bromo-bcnzoic acid. 

TJri- bromo- diphenyl [4:1] C.H.Br.CsHaBr.,. 
Formed by the action of bromine on a mixture 
of diphenyl and ^^tolyl-benzeno (Carnelley a. 
Tliojiison, G, J. 47, 587). Colourless silky 
needles, si. sol. alcohol, not volatile with steam. 
CrO;, in ITOAc gives ^^-bromo-beuzoic acid. 

DI-BROMO-DI-PHENYL-ACETAMIDINE 
C,JI„Br.,N, i.e. Cll 3 .C(NnC,U,Br):NC,.H,Br. 
From y)-bromo-aniline, ITOAc, and I’CL (Denn- 
stedt, B, 13, 233).— BTICI. - B'JI.PtCl,. 

o-BROMO-PHENYL-ACETIC ACID C,II BrO„ 
i,e. [2:1] C,H,Br.Cl I, CO, II. [104°]. From'phe- 
iiyl-acetic acid, bromine and HgO. Separated 
from the ;;-coni pound by its more soluble barium 
salt (Bedson, C. P 37, 95). p'lat needles (from 
water). Monoclinic tabkts (from glacial acetic 
acid).— a:5:c-l:-()57:l-767; a-.99° 44'. KMnO^ 
oxidises it to o-bromo-bcnzoic acid.— CaA'-. — 
AgA'. 

Nitrile G^.H ,Br.CH,.c5r. Oil (Jackson a. 
White, Am, 2, 3Hf'). 

m-Bromo-phenyl-acetic acid 
l 3:1] 0,H,Br.CH,.CO,H. [97°] (J. a. W.) ; [100°] 
(G.). P'rom (3, 4, 1)- bromo-amido-phenyl-acetio 
acid by removing NH, (Gabriel, B. 15, 841). 

Nitrile C,H,Br.CH,.CN. Oil (Jackson a. 
White, P. Am. A. 16, 256). 

yj-Bromo-phenyl-acetic acid 
[4:1] C,H,Br.CH,.CO,H. [116°]. Prepared by 
treating pbenyl-acetio acid with bromine and 




HgO (Bedson, 0* J. 87, 94). — ^Long flat needles ; 
may oe sublimed. Oxidation gives jp-bromo- 
benzoic acid. 

Sal t8,-AgA'.-NH,A'. - BaA^ - CaAV— 
OuA',. 

Nitrile OflH4Br.CHa.CN. [47*^]. Prepared 
by boiling p-brorao-bonzyl bromide with alcoholio 
KCN (Lormg Jackson a. Lowery, D. 10, 1210 ; 
Am. 3, 248). 

a-Bromo-phenyl-acetic acid Cfln;,.CHBr.CO. JI. 
[84°]. From mandelio acid and cone. IlBrAn at 
130° (Glaser a. Badziszowski, Z. 1808, 142). 
Formed also by brominating phenyl-acetic acid 
at 160° (Badziszewski, J3. 2, 208). Monoclinio 
orysta^ (from CS.J. Eeduced by sodium- 
amalgam to phenyl-acetic acid. Boiling NaOHAq 
gives mandelio acid C„H-.CH(On).COJI. 
Alcoholic KOn gives C,jH,.Clt(6Et).CO.,lI. The 
ethyl ether is converted by alcoliulic KCy into 
C02Et.CIIPh.GHPh.CO.>Et, and by Na into 
C02Et.CPh:CPh.C()..Et.“ 

Nitrile C,H,.CIlJir.CN. Is the chief pro- 
duct of the action of bromine on benzyl cyanide 
at 120°. Sol. alcohol and cthor. On lieating to 
170° or with alcoholic KCN it gives di-cyano- 
stilbene. With an excess of KCN di-cyano-di- 
benzyl is also formed. On boiling with alcoholic 
KOHit gives stilbeno-di-carboxylic acid (Beimcr, 
B, 14, 1797). 

Hydrohromide of the Nitrile 
CflHi.CHBr.CBr:NTT. Phenyl-hronio-accUmido- 
hromide. Formed together with the nitrile by 
the action of broinijio on benzyl cyanide at 120 ' ; 
the yield being 15 p.c. Colourless crystals. 
Bitter taste. Its vapour attiu I: ; il.o eyes. V. si. 
sol. all solvents, most easii; in boiling acetic 
acid. Decomposed by w'at r and alcohol. — 
HCl at 1.50° converts it into a lomo-pheiiyl- 
acetic acid (?) and Nil.,. Dilute JTCl at 150’ 
converts it into NTT.,, mandelio acid 
(CflIl5.CH(OII).CO.,H), aud llBr (Beimcr, B. 14, 
1797). 

a-Bromo-di-phenyl-acetic acid 
(OflHft).^CBr.CO.T£. From diphenyl-acetic acid 
and Br at 150”. Converted by boiling water 
into benzilic acid CBh;^(OIl).C0.4H (Symons a. 
Zincko ,A. 171, 131). 

Di-bromo-plienyl-acotic acid 
CflH3Br.,.CH,.COJl. [115°]. Formed by action 
of sunlight on mixture of o- andp- bromo-phcnyl- 
acetio acids and Br. Purified by conversion into 
the methyl ether, distillation and saponification 
(Bedson, G. J. 37, 90). White needles. — AgA'. 

BROMO-PHENYL-ACRYLIC ACID v. Bi;omo- 
ciNNAMio AOiD and Bromo-atuopic acid. < 

DI - BROMO - DI . PHENYL - ALLOPHANIC 
ACID 0,,HjoN.^rA^ e- 
CeH4Br.NH.CO.N(C,H4Br).CO,H. 

Ethyl ether. [163°]. The compound which 
is formed from jp-bromophonyldicyariate by long 
boiling with alcohol isf probably tin's ether. Fine 
white noodles. Sol. nlcohol ^mf ether. By 
continued action of alcohol it is converted i]ito 
p-bromo-phenyl-carbamio ether (Dennstedtf B. 
13, 229). 

p-BROMO-PHENYL-AMIDO-ACETIC ACID 

CH2(NII.CflH4Br).CO.A Bromo -lihenyl - glyco- 
coll. [98°]. Colourless crystals. V. 0. sol. al- 
cohol, ether and hot water. Forms a light- 
green copper salt. Prepared by the action of j 
ohloro-acetio acid onp-chloroaniline. 

VoL. 1. ' 


Ethyl ether A'Et: [06°]; white needier; 
Insol. water, sol. alcohol ai^ ether. ' ^ 

p-Bromoanilide • ^ 

OH2(NH.OflH4Br).CONH(CflH4Br) : [165°-f60°lf 
white microscopic crystals. Sublimes at about 
146°. SI. sol. hot water, v. sol. alcohol and 
ether (Dennstedt, B. 13, 230). 

Di-bromo-di-phenyl-amido-acetio acid. 
Nitrile OflHaBr.NH.ClIPli.ON. [92°]. From 
di-phony 1-amido-acctic acid and Br (Tiemann a. 
Pieb*st, B. 16, 2032' Yellow rhoiiibohcdra (from 
alcohol). 

Tri-bromo-phouyl-amido-acetic acid 
CflTI..Br3.NH.CH.,.C02H. Formed by adding bro- 
mine-water to an aqueous solution of phenyl- 
ainido-acetic acid. Minute ncudle., (from IlOAo). 
Insol. water, acids and aik.'ilis (Schwobcl, B. 11, 
1131). 

BROMO-PHENYL-AMIDO - CHLORO - NAPH- 
THOftUlNONE V. Chlouo - NAPinuioQuiNONB - 

BROMANILTDE. 

a - BROMO - PHENYL - ^ - AMIDO - CROTONIC 
ACID CII,,.C(NHPh):CBr.CO,.H. Anil-hroyno- 
accto-accticacid. [138°]. Formed by bromination 
of phcnyl-/3-amido-crotonic acid (anilacetacotio 
acid) dissolved in chloroform. Pearly plates, 

V. .sol. hot alcohol, si. sol. water, cliloroform 
and ether. By cold ASO, it is condensed to 
{By. 2:l:3)-broino-oxy-methyl-quiiiolino (Knorr, 
B. 17, 2874). 

BROMO - PHENYL - AMID0-(a)-NAPHTH0 . 

QUINONE V. (a)-NAPnTlIOQUTN()Nr,- nuOMANILIDE. 

TRI - BROMO - PHENYL -AMIDO-PROPIONI- 
TRILE CflH2Br,NH.ClL\ro.CN. [130°J. From 
plionyl-a-amido-propionitrile and Br. Needles 
(Stephan, C. C. 18H<», 170). 
_P-BR0M0-PHENYL-(P7/.3)-AMID0-QUIN0L. 
/ClXiCH 

INE I [146°]. Sil- 

\ N;C(NILC,H,.N02) 

very scales. Fc r ned by heating (7°?/. 3).chloro- 
quinoline with yj-bromanilino (Fried binder a. 
Weinberg, B. \ , 153.-}). 

DI-Bl JMO-DI PHENYL-AMINE 
llN(C,iH4Br)2. [107°]. Prisms. Sol. alcohol and 
acetic aci«l. Tho benzoyl derivative is formed 
by bromination of bcnzoyl-di-phenyl-arnino. 

Benzoyl derivative BzN(CflH4Br)2. 
[142°]. Colourless i)late3. Soluble in alcohol 
and acetic acid (Lellmann. B. 15, 830). 

Tetra-brome-di-phenyl- iinine NIJ(C„H3Br2)2. 
[182°]. Formed by treating an alcoliolic solu- * 
tion of d^- ph 01 lyl - amino wilh Br. Needles 
(Hofmann, A. 132, 166; Gnehm, B. 8, 925). 
Acetyl derivative NAcIC^iHjHr,,).. [168°]. 
Hoxa-bromo-di-phenyl ain'iie NH(CJ1 Br,,),, 
[218°]. Formed, together’ with the preceding, 
by adding Br to a solution of di-phenyl-amine 
in HOAo (G.). Beduced by sodium-amalgam to 
di-phonyl-amiiie. 

Octo-bromo-di-pnenyl-amine NH(C,JlBr4)2. 

[c. 304°]. From di-phenyl-amino, Br, and I at 
‘j 60°. Prisms (from CHCl3f(Gessner, B. 9, 1511), 
Deca-bromo-di-phenyl-amine NH(OflBrfl)j, 
From di-phenyl-amino, Br, and I at 360°, 
Needles (from CIICl,). Not melted at 310°. 
BROMO-PHENYL-BENZENE v. Bromo-di- 

PHENYL. 

Bromo-tri-phenyl-benzene 024H„Br. [104°]. 
From Br and tri-phenyl-benzene in CSj. Needles 
(from alcohol) (Berthold a. Engler, B. 7, 1123), 

BB 
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BBOHO - PHBKTI . BmOIC AOIB v. 

BBOMO^DXPHBNTlHUlU^ZTIilO AOID. 

BBOMO.FHEKYL BENZYL OXIDE 
0,H4Br.0.CHg.0,H4. [59°J. From phenyl 

benzyl oxide, Br, and HgO. Needles (Sintenis,* 
A, 161, 335). 

DI-^-BBOMO-DI-PHENYL-BIUEET 
0HH„O2Br.^N, i,e. (C,H,BrNH.CO),NH. Pre- 
pared by the action of alcoholio NH., on p- 
bromo-phenyl-dicyanate (Dcnnstedt, B. 13, ‘4.30). 
SI. sol. alcohol and other, int^l. water. Begins 
to sublime at about 240°. i 

7.BIl0M0.7.PHENYL-BirTYEIC ACID 
Ph.CHB..CH,.CH,.CO,H. [69°]. From 7- 
phenyl-iso-crotonic acid and cone. HBr at 0\ 
Crystals (from CS.J (Jayne, A. 216, 102). By 
boiling with water or treatment with a<iueous 
Na,jCOjj it is converted into the lactone of 7-oxy- 
7-phenyl -butyric acid {q. v.). 

;37-Di-bromo-7-phenyl-butyric acid 
Ph.CHBr.CHBr.CH,.CO,,H. [138°]. From phenyl- 
iso-crotonic acid in CS^j by Br at 0^ (Jayne, A. 
216, 107). Crusts of small wliito crystals. So- 
dium amalgam converts it into sodium y-oxy-y- 
phenyl-butyrate. 

exo-Di-bromo-iS-phenyl-isobutyrio acid 
C,H,.CHBr.CBrMo.CO.^(?) [135°]. Fromphcnyl- 
metiiacrylio acid and Br (Conrad a. Hodgkinson, 
A. 193,312). 

p-BROMO-PHENYL-CARBAMIC ACID 

Methyl ether CJI.Br.NILCOiMo. [124°]. 
From p-bromo-phonyl cyanatc and MoOH. 
Needles (Dcnnstedt, B. 13, 229). 

Ethyl ether C„II,Br.NlLCOjEt. Brwno- 
carhanilic ether. [81°] (B,); [85 ] (D.). From 
PhNH.COaEt and bremine-water (Behrend, A. 
233, 7) or from p-broino-aniline and ClCO.Et. 
Needles (from benzoline). Boiling alcoholic 
KOH gives K^COa andp-bromo-anilijie. 

Di-bromo-phenyl-carbamic acid. Me thy I 
ether [4:2:1] C,HaBr,.NH.C^.,Mc. [97°]. 
Formed by brominating metbvl phenyl-carb- 
amate (Ilcntschel, J. pr. [2] 34, 423). j Needles 
(from alcohol). Warm H^SO, gives ^0^ and 
ai-bromo-aniline. 

Hexa-bi omo-di-phenyl-carbamic ether 
(CaH2Br3)2N.COoEt. ITexa-hromo~di-phen yl- 
amine urethane. [184°]. Formed by bromiiiation 
of di-phenyl-carbamic ether dissolved in acetic 
acid (Hager, B. 18, 25^77). Long greenish-brown 
» needles. Sol. acetic acid, nearly insol. alcohol. 

p-BROMO - PHENYL - CARBAMINE DI- 
CHLORIDE C«H,Br.NCl:CC!l. (350 ). From 
p-bromo-phenyl carbimido and Cl. Yellowish 
liquid (Dennstedt, B. 13, 232). 

DI-BROMO-DI-PHENYL-CARBINOL 
CjaHiflBraO. [163°]. Di - hromo - hcnzJiydrol. 
From di-phenyl-carbinol andBr. Minute needles 
(from alcohol). Deduced by sodium- amalgam 
to di-phenyl-carbinol (Linnemann, A. 133, 6). 

DI-BROMO-PHENYL CARBONATE 
(CjHjBrjJaCO,. [166^ ]. Silky needles ; formed 
by brominating phenyl carbonate (Lowenberg, 
C. C. 1886, 390). 

BROMO-DIPHENYL CARBOXYLIC ACID. 
[4:1] C4H,Br.C«H4.CO,H [1:4]. [194°]. From 

p- bromo - phenyl - toluene [30°] and CrOj in 
HOAo (Carnelley a. Thomson, C. J. 61, 83). 
V. sol. ether, si. sol. alcohol. 

Dl-bromo -diphenyl carboxylic acid 
Ciali^Brg.CO^H [4' ; 1 ' : 1 : 2or3 : 4 J. Di-hrovio- 


phewyl^Umoio add. [i}04^* From di-bnmo- 
|)-tolyl-benzone [115°] by oxidising with OrO, 
in HOAo. Needle-shaped prisms (from alcohol), 
si. sol. alcohol (CarneUey a. Thomson, 0. J, 47, 
589). 

Di-bromo-diphenyl p-oarboxylio acid 
C„H,Br.C,H,Br.C02H [4': 1' : 1 : 2or3 :4]. [232°]. 
Formed by oxidising di-bromo-tolyl- benzene 
[150°] (C. a. T., 0. J. 51, 90). 

Di-bromo-diphenyl carboxylic acid [212°] 
has been obtained from (i8)-di-bromo-fluorene- 
ketone [107°] by potash-fusion (Holm, B, 16, 
1081).— BaAV 

p-BROMO-PHENYL CYANATE 
OC:N.C,H,Br[l:41. [39°]. (220°). V. solrether. 
Prepar(!(l by distilling broMo-phcnyl-oarbamio 
ether witl. P..O-, (Dennstedt, B. 13, 228). 

p-BR0M0"-PHENYL DI-CYANATE 
C„H,N.ABr2. [199°]. Small plates. SI. sol. 
ether. Prepared by the action of a small quan- 
tity of tri-ethyl-phosphinc on bromo-phenyl- 
cyanato heated to 100°. By long boiling with 
absolute alcohol it gives an acid of melting- 
point [li>3°J and formula C, which 

is probably ethyl dibiomo-phcnyl-allophanate 
(Dcnnstedt, B. 13, 229). 

BROMO-PHENYL-CYSTEiNE CJI.pBrNSOj 
i.e. C«H.Br.S.CMe(NH2).CO,H. p-Brorno-u- 
auiido-thio- lactic acid. [181°]. Formed by 
boiling bromo-phenyl-mercapturic acid with 
cone. ilCl. Needles (from dilute alcohol); v. si. 
sol. water, v. si. sol. alcohol, v. sol. dilute HCl. 
Boiling alkalis slowly separate p- hromo -phenyl 
mercaptan and form pyruvic acid. Sodium- 
amalgam forms NH;„ lactic acid, and 
I Acetic anhydride on warming gives 

; an anhydiHe C„H,Br.S.CMc<py> [163“] 

I bromo-plienyl-eystoin,’ but in pi’csencs ol 
i benzene it forms brorno-phcnyl-mcrcapturio acid 
i C^lJ,Br.S.CMe(NHAc).CCVl. Potassium oyan- 
ato,forms C,H,Br.S.CMe(NlI.C0.NH.,)C02H. 

Salts. — CuA'.,. — HA'HCi (Baumann a. 
Preusso, Jf. 6, 315 ^B. 18, 258). 

BROMO-o-PHENYLLNE-DIAMINE 
CJI,Br(NH,,)2 [4:1:2J. [63°J. From (1,3,4)- or 
(0,3,l)-bromo-nitro-iuiilino, tin, and HCl (Hub- 
iier, i4,210, 359; Wurstcr, H. 6, 1511; Remmers, 
B. 7, 347). Needles ; v. sol. water. Sodium- 
amalgam reduces it to o-phcnyleno diamine. 

Salts B"J 1 Cl.- B"II,SO,. 

Di-broino-7/i-phenylene-diainine 
CJl 2 Br.j(NH.j 2 . Dark brown pp. formed by 
, adding bromine- water to an aqueous solution of 
p-Xdienylone - diamine hydrochloride; may be 
crystallised from alcohol (Hollemann, Z. 1866, 
655). 

BROMO-DIPHENYLENE KETONE 
C H 

C-ABrO i.e. | ' " \cO. [104°]. From 
«-CJI,Bi/ 

hromo - fluorenC and CrO., (Hodgkinson a. 
MaUhews, C, J. 43, 165). Dark yellow 
needles. 

Bromo - diphenylene ketone OiaH^BrO. 
[122° uncor.]. Formed by distilling bromo-di- 
phcnic acid with lime. Yellow plates. V. sol. 
benzene, ether, and hot alcohol, nearly insoL 
water. Sublimes readily in felted needles. By 
distillation with zinc-dust it gives fluoiens 
(Claus a. Erler, B. 19, 3155). 



BROMO-PHENYL-MEROAPTAIT. Oil 


MJDi-bromo-dlplieaylene-ketono 

[148®]. Formed by oxidation of 
di-bromo-fluorene [166®] with OrO, dissolved in 
aoetio aold (Holnif B, 16, 1081). Long yellow 
needles. V. sol. ether and benzene. 

(iSl-Di-bromo-diphenylene ketone 
OiaHaBrjCO. [198°]. From (a) - di - bromo- 
fluorene [166°] by CrOg in slight excess and 
HOAo (Hodgkinson a. Matthews, C. J. 413, 165 ; 
Holm). Yellow needles, sol. alcohol, ether, and 
benzene. Potash-fusion gives rise to di-bromo- 
diphenyl-oarboxyli(3 acid. 

Di-bromo-diphenylene-ketone C,.JIuBr„CO. 
[133® uncor.]. Formed by distilling *di-bromo- 
di-phdhio acid with lime. Thin yellow plates 
or long thin needles. Keadily sublimable (Claus 
a. Frier, B. 19, 315G). 

DI - BROMO - DI - PHENYLENE KETONE 
OXIDE C,gH„I3r,02 [210°-213°]. From di- 
.phenylono ketone oxide and bromine at 180° 
?A. G. Perkin, G. J. 43, 193). Long needles 
(from alcohol). Combines with bromine form- 
ing an unstable addition product. 

BROMO - DIPHENYJ ENE - METHANE v. 
Bbomo-fluorene. 

DI - BROMO - PHENYLENE-(a)-NAPHTHyL- 
ENE-OXIDE 0„IIgBr,0. [284°]. Yellowish white 
needles. SI. sol. benzene. Prejmred by brorni- j 
nation of phenylcne-(a)-naphthylene-oxido (Arx, 
a 13, 1727). 

BROMO-PHENYLENE OXIDE CABrO. 
[196°]. From phcnyleno oxide and Br at 100 \ 
Needles (from alcohol) (Marker, A. 121, 250). 

Di-bromo-diphcnylene oxide Ci.^UuBr^O. 
[186°]. From Br and diph'.'.nylcne oxide in C~So. 
Laminas (from alcohol) (Ilohiacistb,;^ A. 159,211). 

DI - BROMO - DIPHENYLENii - PHENYL - 
METHANE 0„H,,Br,. [182°]. From Br and the 
hydrocarbon in HOAc (Bohr, B. .5, 971). 

Tri-bromo-diphenylene-phonyl-methane 
O^H^Br, [167°-171°J (B.). 

BROMO-PHENYL-ETHANE v. BKoaro-ETiiYL- 

BENZENE. 

p -Bromo - di - phenyl - ethane C, ,II,;,Br /.c. 
0 „H5.CH.j.CH.,.C,Jl4Br [1:1]. Btvmo - dibenzi/l. j 
S.G. 21*40. From 5-di-phunyl-ethano, Br, and < 
water (Fittig a. Stelling, A. 137, 200). Oil ; 
boils above 320°. 

pp-Di-bromo-di-phenyl-ethane C,^H, 2 Br., i.e, 
[4:1] 0«H4Br.CH2.CH2.C,H4Br [1:4]. [115°]. 

From 5 -di-phenyl-fithane, water, and Br (F. a. S.), 
Needles (from alcohol). CrOg gives p-hrumo- 
benzoic acid. • 

Exo-di-bromo-s-di-phenyl- ethane 
OflHjCHBr.CHBr.O^Hj,. [237°] (Z.) ; [235°] (K.). 
Stilbene dibromidc. Di~bromo-dibm::ijl, 

Formation. — 1. From stilbene and Br (Lim- 
richt a. Schwanert, A. 145, 336).— 2, From di- 
enzyl and dry Br (Marquardt, A. 151, 301). — 
8 . From hydrobenzoin and PBr, (^iiicke. A, 198, 
127). * 

Properties. — Silky needles. Decompose# at 
286° (Kado, J. pr. 127, 405). V. si. sol. boiling 
alcohol, m. sol. boiling xylene. Alcoholic KOH 
gives G„H,.CH:CBr.C,H, and C«H,.C:0.0„Hg. Con- 
verted by benzene and Al^Cl,, into 5-tetra-phenyl- 
ethane some iri-phenyl-mctliano being also 
formed (Anschutz, A. 235, 207). 

, Tri- bromo - s - di - phenyl - ethane 0 , 4 H,,Br,. 
From s-di-phenyl-ethane, water, and Br (F. a. S.). 


Naoreons lamines, ▼. si. sol. alcohol ; decom* 
poses at 170°. * 

Tri - bromo - a - di - ph.onyl , ethane C, 
[207°-211®]. From a-di-phenyl-ethane and dry 
Br (M.). 

Tri-hromo-s-di-phenyl-ethano 

G,H 5 .CBr 2 .CIIBr.CriHi. Bromo-stilhem dibro* 
mule. [100°]. From broino-.s-diphonyl-othy^na 
and Br (L. a. S.). Needles (from alcohol). *t)o- 
confposedbydistill'iioni'itoil l3r,PhCBr:CBr.Ph, 
and PhCrCPh. /.icoholic KOH gives PhCiCPh. 

Tri-bfomo-ti-di-plieayl-ethane 
(C,iHJ,,CII.CBrg. [89 ^j. From bromal (1 mol.), 
benzene (2 mols.) and cone. ILSO, ((Toldsclimiedt, 
13.6,985). Monoclinic prisms (fre nether). Alco- 
holic KOH gives HBr and di-broiiio-di-phenyl- 
ethylcne. 

Hexa -bromo-s-di - phenyl-ethylene Ci JIsBru, 
From s-di^heiiyl-cthano and excess of Br. 
Hard prisms (from benzene) (F. a. S.). 

BROMO-PHENYL-ETHYL-AMINE v. Bbomo- 

AMIDO-PHENYL-ETIFANE. 

BitOMO-?^-DI.PHENYL-ETHYLENEO, 4 H„Br 
f.c.(0,Il5).2C:CIIBr. [50°](H.); [iO J (A.).(o. 170°) 
at 11 mm. (A.) ; (above .300°) (H.). Formed by 
warming the di-bromidn of ?F-di-plienyl ethylene 
(Hepp, B. 7, 1410 ; Arischiilz, A. 235, 160). 
Prisms; si. sol. cold alcohol. 

Bromo-. 9 -di-phenyl-ethyleno 
O..H,.CBr:CH.C„II,. Bromo - stilbene. [26°]. 
From stilbene di-bromido by distillation or treat- 
ment with alcoholic KOH. Prisms. AgOAo 
gives PhC(OAc):CHPh (Limpricht a. Schwanert, 
A. 145, 340; 155, 72). 

Di-bromo-?/-di-phenyl-ethylcno(OJI ,) 2 C:CBr 2 . 
[83°J. (above 300 0. ITom CFh.df.CHr., and alco- 
holic KOH (Goldschmiedt, B. 6 , 985). Noodles 
(from alcohol-cther). 

Di-bromo-s-di-phenyl-cthyleno 
CJlf,.CBr;CBr.C,’Xj. Tohuie di-hioinide. [208^]. 
Leaflets. iTepai- d by the action of bromine on 
lolane. An is< aeridc [61 '] is also fonnod in 
small qu ntity (Limin’lcht a. Sohwanort, A. 145, 
348 ; Liebormann a. Homeyer, B. 12, 1071). Con- 
verted by benzene and ALCJ^ in prcsenco of CSj 
into 5 -tctra-i)hcnyl-ctliaiic (Amschiilz, A. 235, 
209). 

BROMO- PHENYL- GLYCOCOLL v. Biiomo- 

PJiENYL-AMlDO-ACETlO ACID. 

DI-BROMO-DI-PHENYL-GDANIDINE 
C,..,H,,Br 2 N 3 . From di-phenyl-guanidino hydro- " 
cliloride, r, and Br (Hofmann, A. 67, 148). 
Beales (from u.cohol}.— BTICI. -B'dl^PtCI,. 

Tri-bromo-tri-phonyl-guanidino 
C,,,H,;.N 3 Br.Ci i.c. (0,H ’rNH) 2 C:N.C,H 4 Br. 
AViiitc amorphous powde>’. Frepared by the 
action of p-bromaniline on iso-cyaii-p bromo- 
I)hciiyl-chloride.“B JlCl: while crystals, easily 
soluble ill alcohol and ether.— (B'HClj.PtCli; 
light yellow plates yiD nnptodt, B. 13, 232). 

p-BROMO-PHENYL-MERCAPTAN 
3l„IlJ3r.SH. [75°J. (23l^). From p-bromo- 
benzeno sulphochloride, tin, and IICl (Hhbnor 
a. Alsbcrg, A. 156, 327). Formed also by boiling 
bromo-phenyl-cysteino or bromo-phenyl-mer- 
capturic acid with NaOHAq (Baumann a. 
Preusse, B. 12, 800; II. b, 819). Lamima 
(from alcohol) ; volatile with steam ; si. sol, 
hot water. Cone. 113804 at 120° forms a green 
solution, turning blue. Sodium-amalgam forma 
phenyl-mercaptan. Chloral forms a compound 
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BROfiO-PHENYL-MEROAPTAN. 


[72‘’]. HOI passed into a mixture of j?-bromo- 
phenyl mercaptan arfl benzoic aldehyde forms 
di-»-bromo - di - phenyl - di - thio - benzaldehydate 
OA.CH(S.OeH4Br),[80°] (Baumann,B.18. 885). 
HCl and acetone form di-bromo-di-thio-di- 
methyl ketate (CH3),C(S.0«H,Br)., [00°]. 

n.BROMO.PHENYL-MERCAPTUEIC ACID 
C^njoBrNSO, i.e. CJI,BrS.CMc(NIIAc).C02H. 
Ace^jl - bromo -phenyl - amido - thio - lactic acid. 
[163°]. S. 1*4 at 100°. Occurs in the urine 
of animals which have tak^ bromo-ben/.cne. 
Formed also by treating bronio iihcnyl-cysteino 
with benzene and Ac.O (Baumann a. rroiisse, J?. 
12, 806, 5T. 5, 309; Baumann, 71. 15, 1732; 
JalTe, B. 12, 1002). Needles ; insol. cold water, 
Bol. hot water and alcibhol. Lievorotatory in 
alcoholic solution, dextrorotatory in alkaline solu- 
tion. Boiling aqueous NaOlI gives p-bromo- 
phonyl mercaptan, Nil.,, HOAo, aftd pyruvic 
acid. Boiling cone. IlClAti or dilute H.BO, gives 
acetic acid and bromo-phcnyl-cystcine. Cone. 
H3SO., gives a blue solution. 

Balts. — BaA'.,2aq : B. 2 at 15°. — MgA'.,9aq. 
— NH,A': B. 3an5'\ 

BROMO-DI-PHENYL-METHANE C,.,H„Br 
i.e. CllPh.dlr. [45°]. h’rom di-phonyl-methane 
(1 mol.) and Br (1 mol.) at 150° (Ericdel a. 
Balsohn, Bl. [2] 33, 330, 587). Crystals, v. e. 
sol. licnzcne. Water at 100° forms di-phonyl- 
carbinol and its aiiliydrido. Boiling alcohol 
forms OIirii.^.OEt. Cone. NlI^Aq gives 
CIirh,.NIT,. 

Di-bromo-di-phenyl-methane CPh.Br„. From 
di-phcnyl-mothane (1 mol.) and Br (2 mols.) at 
150°. Li(piid. Water at 150° converts it into 
benzophenone. Decomposed on distillation 
giving tetra-phonyl-cthyleuc. Sodium and water 
form tctra-plionyl-cthaiic. 

Bromo-tri-phenyl-methane C,,,TT,,,Br i.e. 
PhaCBr. [152°]. Obtained by ^rominating Iri- 
phenyl-mcthano in sunlight oiv<it 150° (Allen a. 
Kollickor, ^.227, 107 ; llondors(V. .. C. J. 51, 224 ; 
Schwarz, B. 14, 1520). Yellow hexn.goii|4 rhom- 
bohedra (from CBJ a:c = l:‘784 (llintzo, 7^. K. 
9, 636). Decompo.cjcd above 200° into II Br and 
phenylene - di - phenyl - metliane. Snccessivo 
treatment with boiling HOAo and water forms 
tri-phenyl-carbinol. NIT., fonns rhgCNHj. 
KCy gives Bli.jC.Cy. Potassiura sulphocyanidc 
gives Ph3C.BCN. 

* TRI-BROMO-DI.PHENYL-METHYL-AMINE 

V. TRI-BROMO-MKTIIYL-DI-rJIFf'IYL-AJ^NEO 

BROMO - PHENYL . METHYL - FURFURANE 
TETRA-BROMIDE C„li„Br,0. [210°]. Bronzy 
plates. Formed b^ the action of bromine on 
' HC-CH 

phenyl - methyl - furfurane 1 ^ 

PhC~0— CMe 

(Paal, B. 17, 2760). 

BROMO - PHENYL - METHYL-PYRAZOLONE 

V. BROMO-OXY-PnENYL-BtCTHTL-PYIUZOL. , 

7.BROMO - y - PHENYL - DI - METHYL - SUC- 
CINIC ACID Ph.CHBr.CH(CO.,H).CHMe.C02lI. 
From the lactone of 7-oxy-7-phenyl-di-methyI- 
succinic acid {q. v.) and cone. HBr at 0° (Fittig 
a. Penfield, A. 216, 123). Small crystals (from 
benzene). V. sol. alcohol or ether, m. sol. benz- 
ene. Warmed with water it gives off CO* and 
forms plates of an acid which appears to be 
Ph.CH:CH.CHMe.CO*H. 


TETSA-BBOMO-PHEim:, - METHYL - THIO- 
PHENE OiiH^r^S. [187®]. Formed by bromina- 
tion of phenyl-methyl-thiophene. Fine needles 
or plates. Y. sol. benzene, ether, and petroleum- 
spirit, m. sol. alcohol and acetic acid (Paal a. 
Pilschel, B. 20, 2659). 

BROMO-PHENYL-METHYL-DEETHANE «. 
Methyl ether of BnoMo-pnENYL-CAiiBAMio acid. 
BROMO-PHENYL MUSTARD OIL v. Bromo- 

PIIENYL TIIIO-CARBIMIDB. 

DI - BROMO - PHENYL - {$) - NAPHTHYL - 
AMINE C,en,oBr*NH. [140°]. White needles. 
Prepared by bromination of phenyl-(j8)-naph- 
thyl-amino (Streiff, B. 13, 1853 ; A. 209, 158). 

Totra-bromo-phenyl-(j8)-naphthyl-amin18 
C,HlIsBr^NH. [198°]. SI. sol? alcohol, ether and 
CJl,i, m. sol. CS.* and CHCl.,. Prepared by fur- 
ther bromination of the dibrorno- derivative. 

Tri-bromo-phenyl-(a)-naphthyl-amine 
CiJlyBraNll. [137°]. Colourless prisms. Soluble 
in alcohol and benzene. Prepared by bromina- 
tion of phonyl-(a)-naphthylamine (S.). 

Tetra-broino-phenyl-(j8)-naphthyl-amine 
CiBlIf^Br^NH. [203°]. Formed by the action of 
bromine upon an acetic acid solution of benzene- 
azo-phcnyl-(i8) -naphthyl -amine, or by bromina- 
tion of phenyl-(8)-naphtliyl-amine. Long white 
silky needles (Zincko a. Lawson, B. 20, 1170). 
BROMO-PHENYL-OCTANE v. Bkomo-ootyl- 

BENZKNE. 

p-BROMO-PHENYL-OXAMIC ACID 

0„H,Br.NH.CO.CO,H. [198°]. S. ‘lOl at 25®. 
From di-bromo-di-phenyl-oxamidc and alcoholic 
KOH (Dyer a. Mixter, Ayn. 8, 355). Crystalline 
fibres, sol. alcohol and ether. KOHAq liberates 
p-bromo-anil ine. Salts. — KA' : monoclinio 
scales.— CaA'-, — AgA'.— BaA'*. 

Ethyl ether Yiik!. [156°]. From phenyl- 
oxaiiiic ether and Br (Klinger, A. 184, 203). 

DI-BROMO-DI-PHENYL-OXAMIDE 
(CJI,Br.NII)*Co02, ^ [above 300°]. From Br and 
di-phenyl-oxamido in HO Ac (D. a. M.) 

DI-BROMO-DI-PHENYL OXIDE (CJI,Br)20. 
[58°]. (above 360°). From Br and di-phenyl 
oxide in CS.^. Long plates (from alcohol) (Merz 
a. Weith, B. 14, 191). 

TRI-BROMO-TRI-PHENYL PHOSPHATE 


(C,;n,BrO)3PO. From tri-phenyl phosphate and 
Br at 180°. Nacreous scales (Glutz, A. 143, 193). 
p-BROMO-PHENYL-PHTHALIMIDE 
.C = 0 

C„H,,<; >0 [204°]. Fine flat 

\C = N.C,H,C1 

needles or scales. Sol. CgHu and acetic acid, 
less in ether. Prepared by heating p-brom- 
aniline with phthalio anhydride (Gabriel, B. 11, 
2201 ). 

BROMO -PHENYL -PROPANE v. Bromo. 


PROP YL-B 1: NZENE . 


o-BROMO-iS-PHENYL-PROPIONIC ACID 

[2; 1] CgHiBr.CoH^.COaH. o-Bromo-hydrocinnamic 
acid. [99°]. Sckles. Formed by reduction of 
o-br(yno-cinnamic acid with HI and P (Gabriel, 
B. 15, 2295). 

w-Bromo-jS-phenyl-propionio acid 
[3:1] OJI4Br.O2H4.CO3H. m-Bronio-hydrocinna- 
mic acid. [75°]. Formed by reduction of 711 - 
bromo-cinnamio acid with P and HI. Also by 
eliminating the N^ group from (3:4:l)-bromo- 
amido-phenyl-propionio aoid by diazotising and 
treatment with alcohol (Gabriel, B. 15, 2294). 



BROMO-PHENYL-THIO^ARBAMIO ETHER. 


did 


Short thick prisms. V. sol. alcohol, ether, with Br. Triclinio prisms. Sol. hot benzene, 
benzene, chloroform, and OS,. v. e. sol. alcohol and ethel, si. sol. cold OS,. It 

p-Bronio*^>phenjl<propionlo acid decomposes at its melting-point evolving HBr. 

[4:1] 08H4Br.0H2.CH„CO2H. [135°]. From /3- By standing for a short ti>ne with water it is 
phenyl-propionic acid and Brin the cold (Giiring, converted into a neutral oil ; hot water decom- 
(7. C, 1877, 793, 808 ; Gabriel a. Zimmeriimiin, poses it at once (Michael u. airown, B. 19, 1380). 
B. 13, 1683). Flat needles (from CS,). Oxida- Tri-bronio-a-phenyl-propionic acid 
tion gives p-bromo-benzoic acid. C^HjBraO.^. [150°]. From bromo-atropic ^cid 

^-Bromo-^-phenyl.propionic acid and Br (F. a. W.). Needles f from. ligr.oin). 

C«H,.CHBr.CH...CO.,H. [137°]. From cinnamic aiS-DI-BROMO/fHENYL-PKOPIONiC ALDE- 
acid and HBr (Fittig a. Binder, B. 10, 618 ; A. HYDE GJT,.CH]'.-.C11 Br.CIlO. Cinnamic aide- 
195,132; Anschutz a. Kinnicutt, B. 11, 1221). lu/de dibromido. [c. lOO^J. Small needles. 
Also from j8-bromo-/3-oxy-phenyl propionic acid Formed by llic direet combination of cinnamic 
and pBr (Glaser, A. 147, 96). Laminaj. Be- aldcbydo and bromine. It reiulily splits off HBr 
composed by heat into H13r and cinnamic acid, on heating, giving biomo-einiu.mio aldehydo 
Boiling water forma /8-oxy-/3-phnnyl-propioiiic (Zincko a. Jlagcn, 17, 181 1). 
acid. Cold NaOHAq gives styrene and CO,. DI-BROMO./8-PHENYL-PROPYL ALCOHOL 

a-Bromo-a-phenyl'propionio acid C„Hu,Br,0^ i.e. C„IIi.ClUir.CHBr.CH,OH. 

CHvCPhBr.CO.,H. Broino-hydratwpic acid. Styccrin aibromhijdriu. Shjrunc dibromide, 
[94°]. From atropio or atrolactic acids and cold [74°]. From Br and ciniianiyl alcohol in CHCl, 
cone. HBrAq (Fittig a. Wurstcr, A. 195, 145; (Orimaux, jBZ. [ 2J 20, 120). Tables or needles 
Merling, .4. 209, 13). Tables, in sol. water, sol. (from ether). Insol. water. Boiling water con- 
ordinary solvents. Boiling Nn,,CO,Aq produces verts it into C,.Hs«CH(OIl).Cl[(OH).CH,OII. 
atrolactic acid. . Acetyl derivative 

/il-Bromo-a-phenyl-propionio acid C^jH^.CIIBr.CIIBr.CH.OAc: [8(i°J ; prisms. 

CH^Br.CHPh.CO,!!. [94°]. Formed by heating DI - BROMO - PHENYL - PROPYLIDENE - 
atropic acid with cone. HBrAq at 100°. Prisms, ANILINE CJIi.N:CII.CHBr.CHBrPh. [176°]. 
insol. water. Boiling Na,COaAq produces tropic From cinnamylcno-aiiilino and bromino (SchilT, 
acid, styrene, and a very little atropio acid. A. 239, 384). Needles (from alcohol). 

Ammonia forms jS-amido- a -phenyl -propionic DI -BROMO- PHENYL- PYRAZOL DIHY- 

acid [1G9°] (M.). DRIDE C„IlHBr,N,. [93°]. Dl-bnuno-pheuyl- 

a/8-Di-bromo- /3-phenyl-propionic acid pyrazolinc. From phenyl-pyrazolino and Brin 

CjjHj.CHBr.CHBr.CO.H. [195°] (G.); [201°](S.). chloroform (Fischer a. Knooveniigol, A, 239, 
From cinnamic acid and bromine-vapour 199). Plates (from alcohol); v. si. sol, water. 
(Schmidt, A. 127, 320 ; Fittig a. Binder, A. 105, In dihito acid solution it gives a violet 
140). Also from a-bromo-/3-oxy-phenyl-propionic colour with K,Cr,0.. Alcoholio FOII forms 
acid and HBr (Glaser, A. 147, «• ). Lamime | 0,,li„13r(0Ft)N2 [00 ], which ciyslalliscs from 
(from alcohol) ; v. sol. ether and alcohol, v. si. sol. alcohol in palo yellow prisms. Boiling HOlAq 
CS,. gives oil FtCl and forms brojiio-oxy-phenyl- 

Reactions. — 1. Sodium amalgam forms pyrazol C„II<jBr OII)N, [214°]; this has acid 
phenyl-propionic acid.— 2. Boiling water gives characters and , inns greenish-yellow cry.<itals 
cinnamic acid, bromo-oxy-phenyl-propionic ucid, (from alcohol). 

phenyl-acetic aldehydo and a»-bromo- styrene. DI-P lOMO- (a) -PHENYL-PYRIDINE DI- 

3. Alcoholic KOH gives a- and /8. bronio-cin- CARBOXYLIC ACID C,,Hrlh..NC),. [205°]. 

namic acids. From [2:1] 0,H,(COJI).C,lI.N(OOJI) [3:2] and 

Salts. — NaA'.— BaA',. Inomiiio (Skraup a. Cobojizil, ^1/. 4, 409). 

Methyl ether MeA'. [117°] (Anschiilz, Granules, v. si. sol. water, m. sol. warm alcoliol, 
B. 12, 538). DI-BROMO-DI-PHENYL SULPHIDE 

Ethyl ether EtA' [09°]. From ciiinamio (C,;H,Br),S. [110°]. From di phenyl sulphido 
ether and bromino (Perkin, jun., C. J. ib, 172). and Br, or from (C,Jf^NJi,),.S by din zo- reaction. 
n-Bropyl ether Vi'K'. [23°]. Nacreous ^amimu (Kralft, 7, IlOb). ' 

a/3-Di-bromo-a.phenyl-propionic acid Di-^^-biomo-di-pb myl disulphido (C JI,Br),S.,. 

CHjBr.CPhBr.COaH. [110°]. From Br and atro- [94°J. From^^-broiuo-phonylmercaptanbyatmo- 
pio acid in CS, (Fittig a. Wurstcr, A. 195, 1 !;■>).• spheric oxidation. Plates; not voiatilo with 
Needles (from CS.J. Decomposed by bniling steam (ITubner a. Alsbing, 1. 150, 328; Bau* 
water into CO2, IIBr, and acetophenone. Sodium- mann a. Preusso, IL 5, 329p 
amalgam forms a-phenyl-propionic acid and DI-p-BROMO-DI-PHENYL SULPHONE 
oxy-phenyl-propionio acid. Excess of NaOHAq (CuHjBr).2SO,2. [172^]. From 2J-bromo-bonzena 
gives atroglycerio acid CaHmO* (Fittig a. Kaat, and CISO3H (Armstrong, 0. J. 24, 173) or SO* 
A. 206, 80). • ^ (Nolting, B. 8, 594). Mso from bromo-benzene, 

Tri-bromo-phenyl-propionio acid benzene sulphochloritlo, and ALC]„ (Beckurts a. 

CaH,.CHBr.CBr„.C02H. [151°]. From bromo- Otto, B. 11, 2005). Needfes, si. sol. hot alcohol, 
cinnamic acid [120°] and Br (Glaser, A. *143, p - BROMO - PHENYL - THIO - CARBAMIC 
336; Stockmeier, Bn. 2^ 872; Kinnicutt, Am. ETHER CaHjuBrNSO i.e. C^iH^Br.NH.CS.OEt. 

4, 26). Small flat monoclinio needles (from Bromo-phenyl-thio-urethanc. [105°]. From p- 

dilute alcohol). Boiling water gives CO., di- bromo-phenyl thio-carbimido and alcohol at 
bromo-styrene, bromo- cinnamic acid, and di- 120° (Dennstedt, B. 13, 231). Slender needles, 
bromo-oxy-phenyl-propionic acid. jp-Bromo-phenyl-di-thio-carbamio ether 

Tri-bromo-phenyl-propionio acid CjH^Br.Nn.CS.SEt. Bromo-di-thio-carbanilic 

0,H*.CBra.CHBr.C02H. [148°]. Formed by the ether. [89°J. From p-hromo-phcnyl-thio carb* 
combination of the bromo-oinnamic acid [169°] imidc and mercaptan at 140° (D.). 
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o^romO'plienyl-tlilO'Oalblmldo 
OABr-N.CS, p-Bf»mo-pJienyl mustard oiU 
[61°]. Prepared by heating p-bromo-aniline 
with CS^ in alcoholic solution with a little 
aqueous KOH ; the resulting thio-urea being dis- 
tilled with PgOjj or heated with cone. HCl at 160° 
(Dennstedt, B. 13, 230; Weith and Landolt, B. 8, 
716 ). 

DI-^j-BROMO-DI-PHENYL-DI-THIO-CINNA- 
MIC ALDEHYDATE C„H,.CJT,.CH(S.C..H,lir),. 

p*Brovio-j)h(inijl-mercaptal of\n7iamic aldehyde. 
[107°]. i’orined by passing H\1 gas into a mix- 
ture of p-bromo-phcnyl imneaptan and cinna- 
mic aldciiyde (Bauinaiin, B. 18, 885). Long 
colourless needles. SI. sol. cold alcohol and 
ether. *' M 

BHOMO-PHENYL-THIO-GLYCOLLIC ACID 
C«H;13rSO, i.e. G.II.Br.S.ClL.CO.H. [112°]. 
Prom CgH.S.ClI .COJl and Br in CSf. (Clabsson, 
m [2] 23, ‘4 11). ‘ 

Di - 29 - BRO MO - DI - PHENYL - DI - THIO - DI- 
METHYL - KETATE (CTT,),:C:(SC,H,Br).,. 
p-Bromo-idioiyl-viercaidol of acetone. [OO"']. 
Long trnnsiiarent prisms. V. sol. hot alcohol, 
ether, and benzonu. Pormed by passing HCl 
gas into a mixture of ^j-brorno-plKniyl-mercaptan 
and aedoiK! (Baumann, B. 18, 888). 

p-BROMO-PHENYL-THIO-UREA 
NTly.CS.NlfC,ll,Br. [183°]. From bromo- 
phonyl - thio - carbimide and alcoholic NHa 
(Dennstedt, B, 13, 231). Needles. 

29 -Broino-di-pheiiyl.thio-urca 
NHPli.C.S.NH.GJl,Br [158°]. From bromo- 
phenyl-thio-caibimide and aniline (D.). 

Di - 2) - bromo - di - phenyl,; thio - urea 
CS(NH.O,,lI^Br).,. [178°]. From ^)-bromo- 
aniline, CSo, and alcohol in presence of some 
KOHAq (I). ; Otto, H. 2, 400). Prisms. 

BROMO - PHENYL - THIO - URETHANE v. 
BBOMO-PnENYL-THIO-CAUBAMIC ETIIEll. 

TETRA-BROMO-PHENYL-jfJ^rOLUIDjLNE 
C,.,lI„Br 4 N. [150°]. Formed Gv adding a solu- 
tion of Br in glacial IIOAo to an alcoholic so- 
lution of phenyl-^-toluidine (Bonna, vl. ?39, 58). 

Hepta-bromo-phcnyl.^;-toluidino CjjliHBr-N. 
[185°]. From plicnyl-^-toluidine and Br at 280°. 

Endeca-bromo-phenyl-^-*^^Qluidino 
C,sH.,Br,,N. [290 ]. Formed from phenyl -f?- 
toluidinc and JJr at 310°. 

BROMO -2> - phenyl - TOLUENE C.JIj.Br. 
[127°-131°J. From jZ-phenyl-toUicno and Br. 
'Bmall tables (from alcohol) (Cariiellcy a. Thom- 
son, C. J. 47, 589). '■ , ' 

DI-29-BROMO-DI.PHENYL-UREA 
C,Jl,oBr.,N,0 i.c. CO(NH.C,JI,Br),. Di-hromo- 
tarbanilide. From 'Ji-plicnyl-tliio-urea and Br 
(Otto, B. 2, 409). Formed also by decomposition 
of the product from COCl,^ ard diazobenzene-/?- 
bromanilide. Prepared by the action of car- 
bonyl chloride on ji^-bromanilino (Sarauw, B. 
15, 45). White glistening plates. Sublimes at 
225° without melting^ SI. sol. alcohol and^ 
benzene. 

Tetra-bromo-di-phenyl-urea 
CO(NH.C„H,Br..).,. Sublimes in needles (0). 

BROMO-PHENYL-URETHANE v. Bkomo- 

HIENYL-CAnnAMIC ETUEB. 

DI-BROMO-PHENYL-VALERIC ACID 
C,H,.CHBr.CHBr.CH2.CH,.C03H. [109°]. From 
Btyryl-propionio acid and Br (Baoyer a, Jachson, 
B. 13, 122). 


BEOMO-PHLOBAPHSHS m 
BEOHO - PHLOEEXIO AOIB v. PHirf)BSTid 
AQn>* 

TEI-BROMO-PHLOEOOtUCIN 0-Br,(OflJ,. 

[161°]. Formed by brominating phloroglucin 
(Hlasiwetz, A. 96, 118; Herzig, U. 6, 886). 
Long needles (containing 3aq) (from water). 
Reduced by tin and HCl to phloroglucin. Con- 
verted by cold HNO., (S.Q-. 1-4) into tri-bromo- 
di-nilro-propionic acid (Benedikt, A. 184, 266). 

Tri-aoctyl derivative CaBr3(OAc},. 
[183°] (Herzig, ilf. 6, 887). 

Hexa-bromo-phloroglucin dibromide 
C,jBra(OBr)3. [118°]. The final product of the 
bromination of phloroglucin (Hazura a. ’Dene- 
dikt, M. 6, 702). Small gohlon needles (from 
CHCy. At 190° it gives off Br (1 mol.). 
Aqueous Bi\ reduces it to CaBr3(OH)3. Tin and 
HCl form CJl,Cl3(On)3. 

DI - eso - BROMO - v - PHOSPHO - AMIDO- 
BENZENE SULPHONIC ACID 
(II0)..P0.NII.C,H2Br,.S03H. The chloride 
Cl2P6.NII.C,H,Br,,.S02Cl is formed by treating 
di-bromo-arnido-benzene sulphojiic acid with 
PCI5. It is converted by alcohol into the 
ether-chloride (FtO)..PO.NH.Ocn,.BivSO..Cl 
[c. 170°] (Tiaar, J. pr. [2J 20, 257). 

BROMO-PHTHALACENE V. PlITITALACENE. 

i-BROMO-PHTHALIC ACID C,.H,Br(CO,H)j 
[1:3:4], [140°]. Formed, together with its iso- 
merido, by brominating pbthalio acid (Faust, A» 
160, 62 ; Pcclimann, B, 12, 2124; cf. Gusirescbi, 

A. 222, 295, Stallard, 0. /. 49, 187). Powder, 
V. sol. water, alcohol, and ether. 

Salts.— K.A"2aq : long needles (from alco- 
hol). — BaA" 2uq : crystalline powder ; si. sol. 
Avater. — CiiA".— Ag..A": cheesy pp.,sl. sol. water. 

Anhydride C X^i(CO)..0. [05°]. (300°- 
310°). 

Ethyl ether Et.^A" : (295°); liquid. 

e-Bromo-phthalic acid C,JI.,Br (CO^H),, [1:2:3]. 
[170°] (G.); [174°] (M.) ; [197°] (C. a. T.). 

Eonnation. — 1. Together with the preceding, 
by brominating phtlialic acid (Pechmann).— 
2. By the oxidation of bromo-nitro-iiapbtbalcna 
[122-5°] with KMnO^ (Guarcsclii, A. 222, 292), 
of bromo-(/8)-iiaplithol with KMnO^ (Meldola, 
C. J. 47, 512), of liquid bromo-ditolyl (Carnelloy 
a. Thomson, G, J. 47, 591), of di-bromo-iiapli- 
tlialene [130°] with CrOa in HOAc (Guarcschi, 

B. 19, 134), of C,„Il3Br,(On) [l:au3:4:2] with 
KMnO^ (Smith, C. N. 40, 87), and of (o)-bromo- 
naplithaiene, and bromo-o-toluic acid [1G7°] with 
<]ilute HNO3 (Racine, A, 239, 76). The bromo- 
o-toluic acid may be prepared from bromo-o- 
toluidino C,H3McBr(NH,) [1:5:2J? by Saud- 
meyor’s method ; 70 g. of bromo-toluidine gava 
53 g. of bromo-pbthalic acid. 

White prisms (from water) ; ▼. 
si. sol. chloroform, m. sol. ^water, alcohol, and 
ether. With resarcin it gives a fluorescein (Nour- 
risson, B. 20, 1010-^. The salt BaA" forms pearly 
plates, si. sol. water. 

Anhydride C,H3Br(C0)A [135°] (Mel- 
dola) ; [132°] (G.); [125°] (Smith); [108°] (Nour- 
risson) ; [95°] (Racine). Needles. Heatoa with 
phenol and H3SO4 it forms a body (? bromo- 
phthalide) that dissolves in alkalis forming « 
purple solution. 

Di-bromo-phthalio add 0,H^r2(00^), 
[1:4:2:3]. [135°]. From di-bromo-naphthaleUi 
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rSJ®] and HNO,. White crystalline powder, sol. 
boilmg water and alcohol (Gnareeohi, A, 223, 
274). On melting it changes to its anhydride. 
Salt.— Na^A". 

Anhydride [208°]. Pearly needles (by 
sublimation). Heated with phenol and H.>SO.,it 
forms a product (dibromophtluilein) that dis- 
solyes in potash forming a purple solution. 

Di-bromo-phthalio acid CJIJir,(CO,H),. 
[206°]. Formed by oxidation of penta-bromo- 
(a).naphtliol or of totra-bi’omo-(a)-naplithoqnin- 
one by means of dilute HNOg at 150“' (Bliimlein, 
B, 17, 2490). Colourless needles. V. e. sol. al- 
cohol, ether, and hot water. 

Smalts. — A"Ag2 : small colourless plates, 
sparingly soluble. -A''Ca : pp. — A"Ba : pp. 

Anhydride C Ji2Br,<^Q>0. [203°]. Sub- 
limes in long colourless needles. Easily soluble 
in alcohol, sparingly in water and ether. Formed 
by heating the acid. Heated with resorcin it 
yields a di-bromo- fluorescein. 

Di-bromo-tetra-hydro-phtlialio acid 
C8HaBr2(CO.JI)2. Di-bronio-ktra-hydro-benzene- 
di’O -carboxylic acid. '“Forriied by the direct 
combination of dry di-hydro phthalic acid with 
bromine vapour. Ehombohedra (Baeyor, B. 19, 
1810). 

Tri-bromo-phthalio acid C„IIBr.,{CO.dI).^. 
[191°]. Formed by oxidation of pfuita-bromo- 
(i8).naphthol or of tetra-bromo-(^)-naphtho- 
quinone with HNO, (Flessa, B. 17, 1482). Small 
silvery plates or needles. Nearly insoluble in 
petroleum ether and in cold water. 

S alts.— Ag,A".— CaA" 2aq.— 13aA" 2aq. 

Anhydride C,H13r3(C0),0 : [157 ; sub- 
limes in white plates; easily soli^ble in alcohol 
and ether, nearly insoluble in cola water. 

Totra-brorao-phthalic acid 0„Br,(C0Jf)3. 
[266°]. Formed by oxidation of toira-bromo-o* 
xylene by heating with dilute HNO3 and bromine 
at 170° (Bliimlein, B. 17, 2493). Small needles 
or colourless prisms. V. si. sol. water. With 
resorcin it yields a tetra-bromo-fluorescem. 

Salts.— A"Ca.—A"Ba. 

Anhydride CaBr4<^^Q^O. [250^]. Formed 

by heating tho acid. Sublimes in colourless 
glistening needles. SI. sol. almost all solvents. 

F, also BROMO-TEKEPIITirALIC ACIDS. 

BEOBO-PHTHALIDE C„H,Br<™->0. 
[SorCrJ], [100°]. Formed in small quantity, 

together with bromo-o-toluic acid, by tho action 
of bromine-water on o-toluic acid (Racine, A. 2.39, 
76). Needles (from dilute alcohol) ; sublimes 
readily. Insol. cold water or Na.COjAq. Gives 
bromo-o-toluic acid [167°] on oxidation. 

(a).Bronio-phthatide [86°]. 

From phthalide and brominefct 140° (Racine, A. 
239, 79; B. 19, 778). Small cubes or fables 
(from ether). May bo distilled. Hygroscopic. 
Slowly decomposed by cold, quickly by hot, 
water, forming phthalic aldehyde - acid 
CaH4(CO.iH)(CHO). Alcohol converts it into 
OaH4(COjiEt)(CHO). KMn04 oxidises it to 
phthalic acid. Ammonia forms amido- 

phthaUae,C,H.<co^*’’“''’>0- 


Di^bromo-phthallde U, 

O.H^r,<°®»>0 [i 5].* [188-]. S. (M pA 
alcohol) *87 at 16°. Prom di-bromo-naphthalene, 
OrO, and glacial acetic acid (Guaresohi, A, 222, 
282). Prisms or needles (from alcohol). Neutral 
reaction. Does not reduce ammoniacal AgNOgi 
With phenol and HjS04 gives no dye on heating. 
DI-BROMO-PICENE v. Picenb. • 

•BEOMO - PICBTH v. Tiu - dromo - nitro • 

METHANE. 

BROMO-PIP’iR.HYDRONIC ACID v. Bromo- 

DT-OXY-PIIKNYL-VALEIIIO ACID. 

BROMO-PIPERIO ACID Dihyd) ide. 
C,.H,,Br04 or 

CH,<^Q>C,H,Br.ClI,.CH,ClI:CH.CO.,H. 

BromO‘{^)-hlj(lro-}nperic acid. [171°]. From 
bromine a#d (/B)-di-]iydro-piperie acid (Fittig a. 
Buri, A. 216, 177; Weinstein, A. 227, 42). 
Streaky white plates (from benzene). — Salt,— 
CaA'^. 

Reactions. — 1. Not affected by boiling aque- 
ous KOII. — 2. KMn04 oxidises it, in neutral 
solution, to bromo-piperonylic acid [204°], 
bromo-piporo- propionic acid {q. r.) and bromo- 
liiperonal ; henccBr is in the bt nzone nucleus. — 

3. Sodium-amalgam forms pipm-bydronic or 
methylene-di-oxy-phcny I -valeric acid 0|2H,404. 

DI-BROMO-PIPERINIDE v. Buomo-tri-oxy- 

I'lIENYL-VALERIO ACID. 

BROMO-PIPERONYLIC ACID v. Bromo-di- 

OXY-BKNZOIO ACID. 

BROMO-PIPERO-PROPIONIC ACID u. Meth- 
ylene derivative M Bromo-di-oxy-iuienyl-pro- 
rioNTC acid. 

DI - BROMO - PREHNITOSE v. Di-bromo. 

DURENE. 

BROMO-PROPANE v. PRoryXi imoMiru. 
Di-bromo-propane C JIyBr^ i.c. 
niI,.CHBr.CII, ir.(141-5 ^). Propulenc bromide, 
S.G. 2 1-9617 [V- nder, A. 214, 175^ S.V. 118-9 
(Z.); 11.8-4 (Schiff). 

Formation.— From propylene and Br 
(Reynolds, A. 77, 120 ; Cahours, G. R. 31, 291 ; 
Wnrtz, A. 104, 244). — 2. From bromo-propylene 
and HBr. — 3. Together with trimethylone bro- 
mide by the union of HBr witli allyl bromide 
(Geromont, jyz. [2 J 16, 113, Roboul, ^^.[2] 17, 350). 

4. From propyl bromide and Br (Linnemann, 

A. 161, 41). 

Properties. — Liquid with sweet smell. 
Reaction Alcoholic KOH forms two 
bromo-propylenes and, finally, allyieno (Sa- 
witsch, G. R. 52, 399).— 2. AgOAc gives the di- 
acetyl derivative of propyLne-glyool (Wurtz, A, 
G/t.[3] 4, 438). AgOBz gives the corresponding 
benzoyl derivative (Friedol a. Silva, C. R. 731, 
1379). — 3. Convert* a into propylene by Zn and 
HOAo or sodium -amalgam in alcohol (Linno- 
mann, B. 10, 1111),— 4. Aqueous HI at 160® 

^ gives isopropyl broraid#. — 6. Heated to 100® 
'with Agp and water it gives propionic aldehyde 
but no propylene-glycol (Beilstein a. Wiegand, 

B. 15, 1496).— 6. Water (20 vols.) and PbO at 
150° gives acetone, propionio aldehyde and 
propylene-glycol (Eltekoff, J. B, 10, 212).— 
7. Protracted boiling with wafer gives propylene- 
glycol (Niederist, A. 196, 349). 

aa-l>i-broino-propane CHg.OBr2.CH,. Methyl 
bromacetol. Broniacetol, Acetone bromide* (116°). 
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S.G. M 1*8476; Jf 1-8314. M. M. 10137 at 
20-7° (Perkin). Forn^d in small quantity from 
acetone and PBr. or^PCljBrj (Linnemann, A. 
138, 125; Friedel a. Ladenburg, 1808, 48). 
Also from allylene and cone. HBr (Beboul, C. B. 
74, 609) ; and from o-bromo-propylene and HBr. 

Bead ions.— 1, Water at 100° gives acetone.— 
2. Zn and HCl give propane (Linnemann, A. 
101,^07). 3. Alcoholic KOU gives a-broiiio- 
propylenc CII^.CBrrCHa. y , 

wco-Di-bromo-propane \ 

CHj.ClL.CHBro. (o. 130°). F^^ni w-bromo-pro- 
pyleno CHa.ClIiCHBr and cone. HBr (Uebonl, 
A, Ch. [6>14. 407). ^ ’ 

w,w,-Di-broiqo-propane CIJ.,Br.Cn ..CTT. Hr. 

Trimcthylem bromide. (105°). S.G. 2*000 (Z.)* 
fi 2-018 (G.) ; 'l;« 1-0228 {¥.). S.V. 117*8 (Z.)! 
l^rmed from w,w,-di-oxy-propanc «and HBr 
(Freund, M. 2, 0.39;. 

^ Preparation.— Allyl bromide is saturated 
with very nearly dry HBr at -10°. scaled up 
and left at 30° for 24 hours. The tube is 
opened and the operation repeated as long as 
any gas is absorbed (Gcromont, A. 158 370* 
Eeboul, A. Ch. [5] 14, 472; Erlenmeyer, B. 12, 
1364; .4.197,184; Both, H. 14, 1.361; Bogomo- 
htz. Bl. [2J 30, 2.3). 

Bcactions.—l. Alcoholic KOH forms allvl 
bromide or allyl ethyl oxide. -2. Alcoholic Nl'[, ' 
forms some amorphous bases (Niederist, 3 I 
840).— 3. Heated to 100° with Ag.,0 and water 
It gives tn-mcthylcne-glycol thus dilTering from 
tlie isomeric propylene bromide whioii' gives 
propionic aldehyde (Beil stein a. Wiegund, B. 15, 
1496). --4. Al,Br„ converts it into propyicno 
bromide (Gustavson, J.pr. [2J .30, 303). 

CH,,.CHBr.CHBr.,. 

- propylene and Br 
(Beboul, A, Ch. [5] 14, 481). 

" propane (Je,.CBr...CJl.Br. 
(191 ). b.G. - 2-35. Formed f^the union of 
bromo-propylene with Br (Uebe^, A. Ch. [51 
14, 481 ; C. Kolbc, J.pr. 133, 39.3). * 

5-Tri-bromo-propane CH,Br.CnBr.CH..Br. 
Tri^bronhydrin. [17°]. (220°). S.G. 2-41. 

Fomiation. — 1. From di-bromliydrin or 
epibromhydrin and PBr, (Bertlielot a. de Luca, * 
1*1 A. 154, 369).— 2. From ‘ 

allyl bromide and Br (Tollens, A. 150, 108).— j 
^ By bromination of isopropyl bromide (Linnc- I i 
i^nn, 136, 03). -4. From rByl iodidg and Br ' ] 
(Wurtz, A. 104, 247). r- : ; 

Prqpfirfe.— Prisms or liquid. i J 

Beactions. — 1 Alcoholic KOI! mves ' \ 
CHiC.CH^OEt. — 2. boli;! KOH gives two di- . 

gives triacctin I 
f 3. Alco- I , 
imlic NHj forms di-bromo-di-allyl-amine and i t 
tnon mcthyl-pyridine. 

Tetra-bromo-propaae CH,.CBr,.ClIBr... I t 
Allylene tetra-bromide. (2‘25°-230°) ; {110°-130°) \ \ 
at 10 mm. S.G. a 2-94. From allylme and Br 

irirkrk.a'nVt..lm 7J7 rm j . - 


.1. Avail ttn VI uutJ UUU X3r 

(Oppenheim, Bl. [2] 2, 6 ; 4, 434 ; A. 132, 124). 
Liquid, decomposed by alcoholic KOH into HBr 
179 (o- 193°) (Pinner, A. 

n . ^®*^^:|»^ 0 “io-propane 0H.,Br.CBr2.CH.,Br. 

iso-allylene andBr (Hartenstein. 
[2] 7, 317). 


at The following tetra-bromo-propanoi have alio 
m been prepared : r 

0* ^ From propylene 

0- bromide and Br (Beboul, A. Suppl. 1. 232). 

* (6) : [69°] ; fo. 235°). By brominating iso- 

r. propyl bromide (Linnemann, A. 136, 64). 

(^) * propylene 

'i- bromide and Br (Cahours, A. 76, 284). 

Penta-bromo-propanes CaH.Br,. The follow- 
ing have been described : 

{a): (2;j 5°) ; S.G. 2*60. From propylene 
bromide and Br (Cahours, G. B. 31, 291). 

’ (^) • [173°]. From tri-bromo-propyleiie and 

Br (Pinner, 179, 60). 

r. (c): CnBr.,.CHr,,.OHBr.,. g.G. .3*01. {’rom 
); propargyl b^’oniido and Br (Henry, B. 7, 761). 

). ^ BROMO-PROPIOLIC ACID CBidC.CO.H. 

Ij. Formed by decomposing mucobromic acid with 
baryta (Jackson a. Hill, B. 11, 1075; Am. 3, 
tl P21). Prisms (from ether). V. e. sol. water 
p (crystallising therefrom witli aaq) ; may bo par- 
g tially sublimed at 100°. Boiling water liberates 
g bromo-acetyleiie ; boiling baryta forms bromo- 
; acetylene and also masonic aoid. The acid 
: gives with di-broiuo-acrylio acid a compound 
. C3HBrO.^C.,Br.,H.,0,_. [105°]. 

Salts. - BaA'o a*atp — Ag .V'. 

I o-BROMO-PROPIONIC acid C.H BrO,. i.e 
a I CHj.CHBr.COJI. [25°] (W.). (260° cor!)! 

, ! I'oimcd by heating ].)ropiojiic acid (1 mol.) with 
r Br (1 mol.) for several days at 150° (Friedel a. 

1 Machuca, G. B. 63, 408 ; A. 120, 280). Formed 
* ^^^130*^10)^'°^^^ HBrAq at 100° (Kckul6, 

) . Beactions, — 1, Sodium-amalgam forms pro- 

pionic acid.— 2. Boiling ivatcr and ZnO give 
, lactic acid. TFro K salt changes slowly to lactate 
. in cold aqueous solution.-3. Alcoholic NHj 
iorms alanine. — 4. Finely divided Ag at 150° 
gives 5-di-methyl-snceinic acid. 

: Flhyl ether EtA\ (102°); (1.30°) at 100 

min. •B.G. lA 1-10. From the acid (Bisoholf, A. 
200, 319) Also from lactic ether and PBr. 
(Henry, A. 150, 170). Preparation. — Propionic 
acid (300 g.) is converted into tlio bromide by 
adding amorphous phosphorus (31 g.) and slowly 
j running in bromino (100 g.). After the evolu- 
i tion of HBr has ceased the mixture is broiihnated 
. by heating to 4t)°-50° and slowly running in 
j more bromine (G4(/^g.). When the whole of the 
: bromino has disappeared the bromo-propionyl 
bromide is converteiijiito tlie ethyl ether by the 
i addition of absolute .»,'cohol. It is then treated 
I with water, wasliod an(i:.^fractionatod. The yield 
. from 300g. of propionid, acid amounts to 640 g. 
i of boiling-point 156 -160 V ( Zelinsky, B. 20, 2026). 

I Bromide CH.,.CHBi^-CO.Br. (165°). From 
propionyl bromide and Br\; also from propionic 
acid, P, and Br (Weinig, A. 242, 163). ZriMe.,, 
followed by wale% gives ineth/1 isopropyl ketone 

V* C ^IsS^ 2^^'^ ' (Kashirski, 

j7wCJe’(Cn3.CHBr.CO),NH.'j:i48°J. Formed 
by the action of water on i\ho compound 
(C^H^NBr.) of propionitrile with Br (Engler. A. 
142, 71). Needles, m. sol. hot wate'4’. 

^-Bromo-propionic acid CH2BilCH.,.CO,H. 
[62°]. Small glistening plates. lAormed by 
heating hydracrylio aoid with HBn at 120° 
(Bcckurts a. Otto, B. 18, 227), ^ 
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a3.Di-l>romo.propionio aoid 

CHgBr.OHBr.COjH. [64<’]. (227°). S. 1945 
(?19‘46) at 11°; S. (ether) 304 (?3'04) at 10°. 

Formation* — 1. Got by oxidising di-bromo- 
propyl alcohol with HNO.,. The yield is bad 
(Miinder a. ToUens, B. 5, 73 ; A. 1G7, 222) — 2. 
Also by union of acrylic acid with Br (Caspary 

а. Tollens, A. 1G7, 25G). — 3. From acrolein di- 
bromide and HNOj, (Linnemann a. Penl, B. 
8, 1097). — 4. By the action of HBr upon a- 
bromo-acrylic and aa-di-bromo-propionic acids 
(Philippi a. Tollens, A. 171, 333). 

Monoclinic crystals (Ilaushofor, 
J. 1881, G87 ; Zcpharovich, J. 1878, G03). It 
crystfllises in two forms: tables [Gl'^J and 
prisms [61°] ; the latter slowly change into the 
former. Tlic salts readily split oS bromide, 
forming /8-bromo-acrylic acid. 

Beactions.—l. Converted into acrylic acid by 
KI and water, or by Zn and H.^S04 (u, Zotta, A. 
192, 102; C. a. I.).- 2. Water at 120° gives 
bromo-oxy-propionic acid (Melikoff, P. 13,227). 

Salts.— AgA',- NII^A'.—KA'.—CaA', 2ari.— 
SrA'2 Gaq. 

Methyl ether McA'. (205*8° cor.) (Wegcr, 
A. 221, 84). 

Ethyl ether FitA'. {214 0° cor.). 

Allyl ether a,H,A'. (2l5°-220°). 

Propyl ether PrA'. (233° cor,). 

aa-Di-bromo-propionic acid CH,.CBr...COJI. 
[G5°j (F. a. M.); [G1°J (P.a. T.). (c.'22 l‘f. From 
ft-bromo-propionio acid and Br (Friedel a. 
Machuca, C. It. 64, 220 ; Philippi a. Tollens, B. 

б, 615). Trimetric tables. 

Beactions. — 1. Zn and II^SO^ reduce it to 
propionic acid. — 2. Alcoholic KOHgivesa-bromo- 
acrylic acid.— 3. Ag./) forms pyr-^v'e acid.— 4. | 
Finely divided si^t’crin benzene gives di-inethyl- 
maleic anhydride.— 6. The salts are more stable 
than those of the preceding acid ; but the silver 
salt warmed with water changes to i)yruvic acid 
(Beckurts a. Otto, B. 18, 235). 

Salts. — Nil, A' ^aq. — NaA'. — KA'aq. — 
BaA'^ 9aq. - CaA',^ 2aq.— SrA'„ Gaq. 

Methyl ether MeA'. (c. 177°). S.G. 2 1*901. 

Ethyl ether FtA'. (191°). S.G. 1*751. 

Propyl elherVvM. (e. 202°). H.G. ii 1-G81. 

Isohutyl ether PxCllA'. (0. 216°). S.G. 

« 1-678. 

oa)3-Tri-bromo-propionic acid 
CH,Br.CBr.,.C02H. [95°J. 

Formation.— By oxidation of acrolein 
bromide (Linnemann a. Peril, B. 8, 1097).— 
2. From a-brorao-acrylio acid and Br (Maulhner' 
a. Suida, M. 2, 99; Michael a. Norton, Am. 2, 17). 

Properfics.— Monoclinio prisms: a:bx^ 
1*83:1: *315 ; /3 = 66° ; rn. sol. water, v. sol. alco- 
hol and ether. On heating the Ba salt CILiCBrjj 
is formed. Alcoholic KOH gives ajS-di-bromo- 
acrylio acid. § 

Sal t.— BaA'2 ccaq : needles. 

ajSjS-Tri-bromo-propionic ac^ 
CHBra.CHBr.CO.iH. [118°]. Prepared by lymt- 
ing ft/B-di-bromo- acrylic acid for eight hours with 
cone. HBrAq (Hill a. Andrews, .dw. 4, 180; P. 
Am. A. 17, 133). Kectangular plate'*, v. sol. hot 
water, ether, and alcohol,— AgA': small rhombic 
plates.— CaA'2 2aq. 

Tetra-bromo-propionic acid C.^HBr4.C0.4H i.e. 
OHBr4.OBr2.CO2H. [120°]. Prepared by the 
combination of ai3-di-bromo-acrylic acid with Br. | 


Triclinio prisma : ▼. e. sol. alcohol and ether. 
The Ba salt is decomposed by boiling water with 
formation of tri-bromo-ethylene. Alooliolio KOH 
gives tri-bromo-acrylic acid. 

Salts.— AgA'. — KA'2aq. — BaA'jiaq.— 
CaA'.,aq (Mautliner a. Suida, M. 2, 107; Hill a. 
]\rabery, P. Am. A. 17. 140 ; Am. 4, 206 ; 6, 251). 

ajS - DI - BROMO - PROPIONIC ALDEHYDE 
CILBr.CHBr.CHO, Acrolein dihromidc. (c. 82°) 
at 5 mm. (Griinaj a. Adam, Bl. 30, 13G). 
From acrolein pnd Br (Aronsfoin, A. Snppl. 

3, 185; Henry, i./f 7, 1112 ; Linnomarm a. Penl, 
B. 8, 1097). Pungent oil. Reduces *'’eliling’s 
solution. Readily i3olymeriso3, becoming crystal- 
line [84 °] in presence of ITCl. IING,, oxidises it 
to di- and tri-broino-propiouio acids. 

Tri-bromo-propioiiic aldehyde. A liiiuid com- 
bination cd this body with propyl alcohol 
CBr;,.CII(OH)(OPr) appears to bo formed on 
treating propyl alcohol with Br (Hardy, C. It. 
79, 8001. 

7 - BROMO - n - PROPYL - ACETO - ACETIC 
ETHER CII,Br.CII,,.CiI.,.CH(CO.Cir,).CO,,Et. 
Liquid. Insol. water, sol. aleoliol and ether. 
Heavier tlian water. 

Preparation. — 0 grms. of sodium are dis- 
solved in GO grms. of absolute alcohol and added 
to 32 grins, of aceto-acetic ctliei*. 9'ho sodio- 
aecto-acetic ether is then added to 80 grms. of , 
tri-methylene bromide and heated on the water- 
bath for Jialf an hour; tho yield is 75 p.c. of 
the theoretical. 

Reactions. — By boiling with tlilnlo acids it 
yields acetyl-hulyl bromide and linally acetyl- 
bntyl alcohol Cir,,.aO.CH,,.CH ,.CH.,.ClPOJr. 
Alcoholic NIL, eliminntes HBi* forming so-called 
‘ tri-niethylene-aceto acetic ether ' (Lipp, B, 18, 
3277. V. also pp. 21 and 40 supra). 

jB-BROMO-PROPYL ALCOHOL G.ll^BrO Lc. 
CH.,Bi*.CH„.Cn./ '‘J l.Bromhijdrin of t) i-rneth iflene 
glycol. (98°~rpi’;; at 185 mm. S.(K 1-537* 

S. 17 at 15°. x rom tri-melhyle}je glycol (.s-di- 
oxy-pro^Cine) and HBr (Friihling, M. 3, 097). 

a'-Bromo-isopropyl alcohol 
CH3.CH(OII).C.U,Br (?). Bromhydrin of Propyl^ 
cue glycol. (1 45°-l 48°). From propylene oxide 
and HBr (Markownikolf, 1870, 423). 

a/3-Di-bromo-propyl-alcohol 
Cri.,Br.CHBr.CM,OH. Bibromide of allyl 
alcohol. (219°) (Weger, .4. 221, 83). V. p. 134. 

Mcthylderiv alive CILBr.CHBr.CH.OMu • 
(185°) (IRiiry, B. 5,. 155). 

Ethyl dlrivacive CILLr.CIlBr.ClI.^OFt 
(194°). 

&-Di-bromo-isopropyl altfjliol 
CHBi*.CII(OH).CILBr. G^uce riu di-hromhydrin. 
(219°). S.G. 2*?l. From glycerin and PBr, 
(Bertiielot a. de Lu -a, A. Ch. [3] 48, 313 ; 
Keboul, A. Ch. [3] 00, 32). Also from glycerin 
andBr (Barth, 121, 340). V. also Glyckkin. 

DI-BROMO-PROPYL-4MINE Call^Br^N i.e 
toBr.CHBr.CH2.NIL. From allylarninehydro- 
chlorido and Br. Oil. Salt s.— BTICI : needles. 

— B'-^H^PtCla (Henry, B. 8, 399). 

BROMO-PROPYL-BENZENE v. Bromo- 

CUMENE. 

Di-bromo-jo - di - propyl - benzene C,,H2Br2Pr2. 
[ 48 °]. From di-propyl-bcnzeno and Br (H. 
Kcirner, A. 216, 227). Needles or rectangular 
tables (from alcohol). 
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BROMO-PBOPirL-BBNZOiO AOIB. 


BB0M0.PB0PTL-BSNZ0I6 ACID v. Bbomo- 

OUMINZO ACID. A 

BI-BBOUO.PBOPTL BOBATS 

B(0.0H2.0HBr.CH2Br}s. Hexabromide o/Alltii 

BORATB Oil. 

BBOHO-PBOFYL BBOMIDE v. Di -nnoMo- 

niOPANE. 

TETBA-BEOMO-BI-PBOPTL-CABBINOL v. 

rc/W-BllOMO-HEPTYL-ALCOirOL, 

BROMO - PROPYLENE i.e. • 

CTr,.CH:CHBr. (00°). S.G. 1.43. Formed, 
toj^etlicr with CHs.CBr:CH.„l)y^v^atiiig propylene 
bromide with alcoholic KOIl (Reboiil, A. Ch. [5J 
14, 479). 'One of the products obtained by boiling 
{>j3-di-bromo-butyrio acid with aqueous NaXO;,. 
HBr reunites with it forming chielly propylene 
bromide, but the combination is very much 
slower than with its isomerido (48^). Alcoholic 
KOII gives allylene. Br forms CHi.CKBr.ClTBra 
( 201 “). 

a - Bromo - propylene ClIj.CBrrCIIa. (18'^). 
S.G. ^ 1‘39. Formed as above (Jb-ynolds, A. 77, 
122). Also by the action of alcoholic KOII 
on CII.,.CBr...Cir., (Beboul); and by union 
of HBr' with' allylene (Beboul, 0. B. 74, 009). 
Oil. Beadily combines with IlBr forming 
Cn.,.CBr2.CII,. Br forma CII,.CBr,.OII,Br (191^). 
Mercuric acetate in HOAc at 100 'forma acetone. 

Bromo-propylene CH.^Br.CIBCll^ v. Allyl 
iiKOMim: p. 1B5. 

Di - bromo - propylene Call^Br, i.e. 
CH.,:CBr.CH,.Br. (140°-143°). {ayEpUlibrwn- 
hydrin. From CHjiBr.CHBr.CPLBr and solid 
KOII (Henry, A, 154, 371; B. 14,401) or sodium 
in ether (Tollens, A. 166, If 8). Converted by 
water at 130° into bromo-allyl alcohol. 

Di-bromo-propylene CIIBr:OH.CH.jBr. (152°). 
S.G. ^ 2-06. Formed, together with the pre- 
ceding and propargyl bromide, from s-tri-bromo- 
propane and KOH (Beboul, A.^n}>pl. 1, 230 ; 
Henry, B. 5, 180, 462). Alcoho/c AgNO^ forms 
CHBriCILCHaNOa; AgOAc nn/^jotas.sium sul- 
phocyanide also form j3-broino-allyl salti^ 

Di-brorao-propylene CIIa.CBi-CIIBr. Allylene 
dUbromule, (B^i "). S.G. 2 06. From allylene 
and Br (Oppenheim, Bl. [2] 2, 6; 4, 431; A. 
132, 120). Also from CHa.CHBr.CIIBr^ and 
AgOAc at 120'^ (Linncmann, A. 130, 60), 

Tri - bromo - propylene CIIa.CBr;CBrjj (?). 
(184°) (0.) ; (c. 193°) (P„). From allylene tetra- 
bromido and alcoholic KOAc (0.) or aqueous 
NaOH (Pinner, A. 179, 69). 

Tri - bromo - propylene ^ CILl^.CBr:CHBr. 
S.G. 12 2’53. Proi)arc]yl tribromide. From 
propargyl bromide and Br. Non-volatile oil 
(Henry, B. 7, 701). • 

Penta-bromo-propyl^iie CaHBrj. From allyl 
bromide, Br, and I at 210°.* Non-volatile oil 
(Merz a.\Veith, B. 11, 2243). 

BROMO-PROPYLENE-GLYCOL v. Glycerin. 
BROMO-PROPYLENE-UREA CJI,BrNaO i.e. 

C0<^^>C3H.Br (?). * [I2OOJ. Formed ly 

warming an aqueous solution of di-bromo-propyl- 
urea (Andreascli, M. 40). Silky needles ; si. 
Bol. cold water.- B'HOl; [143°].— B'HBr: [168°]. 
— B'^H^PtCl*. 

DI BROMO-PROPYL-MALONIC ACID 

CABr,0, i.e. (C04H),CH.CH3.CHBr.CEy3r. 
[121°]. From allyl-inalonic acid and Br in CS* 
(Hjcit, A. 216, 68 ; B. 15, 624)e Needles in stars 


(from eths]*). V. e. sol ether, m* sol. water. 
Boiled with baryta, it forms di-oiy-propyl- 
malonate of barium (q. v.). 

BROMO . PROPYL . PHENOL v. Bbomo. 

CUMENOL. 

BROMO-PROPYL-THIOPHENE 
C,SH.j((CjH,)Br. (189°). Colourless oil. Formed 
by bromination of ?i-propyl -thiophene (Buffi, B, 
20, 1741). 

Di-bromo-propyl-tbiophene C4SH(0,H,)Brj. 
(248°). Oil. Formed by bromination of propyl- 
thiophene with 2 mols. of bromine. By further 
bromination it is converted into tetra-bromo- 
thiophene (Kufli, B. 20, 1741). 

DI-BROMO PROPYL-UREA C^HHBr.NjO i.e, 
Nri,.CO.NIT.CH,.CHBr.CH,Br'. [109°]. From 
allyi-urea and Br (Andreasch, il/. 5, 38). Needles 
or leaflets, si. sol. cold water. Decomposed by 
heating with water into the isomerio hydro- 
bromide of broino-propylenc-urea (q, v.). 

BBOMO-PYRIDINE C,NIl,l3r [3J. (174°i.V.). 
S.G. 2 1-645. 

Fonnatioji. — 1. By brominating pyridine 
(Hofmann, B. 12, 990).- 2. By the action of 
bromoform upon an alcoholic solution of pyrrol 
and NaOEt or upon potassium pyrrol in ether 
(Ciamician a. Silber, B. 18, 721 ; Ciamician a. 
Dennstedt, 0. 12, 211 ; B. 16, 1173 ; Danesi, O, 
12, 160). 

Properto.— Alkaline liquid, si. sol. water. 
Reduced to pyridine by zinc and HCl. 

Salts. B'.Jl.,rtCl^ 2aq : yellow irionoclinio 
crystals, a:6:c « i-207;l:l'188. ^8 = 107° 7'.— 

B'HCl. 

Di-bromo-pyridine C.mi.Br., [2:6]. [111°]. 

( 222 °). 

Fonyiaiion^l. From pyridine and Br (Hof- 
mann, B. 12, 988).— 2. Together with pyridine 
and mono-hromo-pyridine by the action of bro- 
mine on acetyl -pix)eri dine (Hofmann, P.10, 687 , 
cj. Schotten, B. 15, 421). — 3. From tropidine 
hydrj)bromide and bromine at 170° (Ladenburg, 
A. 2*17, 148), di-bromo-mothyl-pyridine being 
first formed, and ethylene bromide being the 
other product. — 4. Formed by heating the tri- 
carboxylic acid [206^]. 

Properlie.^.—ltonQ flat pearly needles, insol. 
cold water, si. sol. cold alcohol. Very weak 
base (dillcrcnce from bromo-pyridiiie). 

Salt. — B'„H.>Cl.J°tCl^: golden yellow needles 
(PfeilTer, B. 20, 1349). 

Methylo chloride C.,NIl 3 Br„MeCl. Formed 
by heating di-bromo-apopiiyllin (q. v.) with HCl 
(Anderson, A. 94, 358; Hofmann, B. 14, 1498; 
V. Gerichteii, A. 210, 99). Moist Ag.^O liberates 
an alkahne hydroxide. — B'gMe^PtCla. 

Di-bromo-pyridine OaNHaBra. [165°]. Formed 
by adding bromine to a boiling aqueous solution 
of pyridine-sulphonio acid. Long white needles. 
Begins to sublime at abou^. 80°. Sol. water, 
alcohol, ether aftd benzene.— B'jHXljjPtCl^ 2aq ; 
large orange needles, si. sol. water (Fischer a. 
Boimerschmid, B. 16, 1184; c/. Kunigs, B, 
17, 689). 

DI-BROMO-PYRIDINE-BETAINE 

C,NH,Br,<;^Q2^CO. Anhydride of di-bromo- 

oxy-pyridyl’Ocetic add. Formed by heating di- 
bromo-pyridine with chloro-aoetio acid.— 
BHCl : colourless needles. — B2H20l2PtOl4 : large 
soluble brown prisms (Gerichten, B, 16, 1258)« 
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SBOUO PHOBIKB BI^JABBOBYHO Acp 
r. Bromo-apophtllenio acid. 

Bromo-pyridine-di-oarbozylio acid 
0jNH2BrJ002H)2. [166°]. Formed, together 

with ozalyl-anthranilio acid, by oxidation of 
(Py)-bromo-quinolino with KMnOj. Crystals. 
V. sol. water, alcohol, other, d:o. It evolves CO. 
at its melting-point, yielding bromo-j^yridine- 
mono-carboxylio acid (bromo-nicotinio acid) 
[183°] (Claus a. Collischoiin, B, 10. 2767). 

Di-bromo-pyridiiie-tri-carboxylii acid 
C,NBr2(CO.,H)3 [2:r):l:3:5J. [20t)°» anhydrous]. 

Obtained by oxidation of di-biomo-.s tri-mothyl- 
pyridine [81°] with KMnO^. Flat plates (con- 
tain^g 4aq). V. sol. hot water, si. sol. alcohol, 
nearly iiisol. ethe*. FoSO, gives a red coloura- 
tion. Heated to 165° it gives a sublimate of di- 
bromo-pyridine [111°]. 

Salt s.— Ag A'" aq : crystalline powder. — 
KII^A'^.^Oaq: glistening colourless needles, sol. 
hot water. — Cu3A'"2'iaq: microcrystallino blue 
powder (I'feitTer, B, 20, 1317). 

o-BKOMO-a-PYRIDYL- (Py. 2) - PROPIONIC 
ACID CJI.BrNO., ix. C,li,N.CllrMo.COJL 
From the corresponding; oxy- acid and PBrj in 
CS .. 

'salt.— (C,H,BrNa.)HAuBr, (Hardy a. Cal- 
mels, Bl. [2] IS, 232). ‘ 

DI-BROMO-PYROCATECHIN C..TI..Br2(OTT) .. 

Di^mcthyl-ether OoHd3r,(OMe).,. [03°j. 
Prepared by bromlimtion of the di-methyl-ethcr 
of pyrocatnehin (Tiemann a.Koppe,!?. 14,2018). 
Formed also by the action of Br on vcratric acid. 
Colourless prisms. Sol. alcohol, ether and 
benzene. 

Tri-brorao-pyrocatechin C«HBr.,(OH)2. 

Mono-mcthyl-cthcr 0^1 T I? r ,(OMc) (Oil) . 
Tri-hromo-guaiacol [102 'J. Whitc*Lltcd needles. 
Formed by bromination of guaiacol (Tiemann a. 
Koppo, B. 14, 2017). 

Tetra-bromo-pyrocatechin C(jHjBr,(OH)2 
[1:2:3;4:5:6]. [193°1. Formed by bromination of 
pyrocatecliin in chloroform solution. Colour- 
less prisms (from acetic acid) or long ^ fine 
needles (from alcohol). On oxidation it yields 
tetra-bromo-o-quinone OsBr,0.,. Bromine-water 
at 80° forms C.nlLBr.^O [139^] (/ancko, P. 20. 
1777; cf. Stenhoiisn, C. J. 27, 586; 28, 0; 
Hlasiwetz, A. 142, 251). 

TETRA-BROMO-PYROCOLL C,„H2Br,0,2N2. 
Formed by lieating pyrocoll with bromine at 
100°. Small yellow needles. Iiisol. alcohol, 
ether, chloroform and toluene, almost insol. 
acetic acid. By boiling with IvOII it yields di- 
bromo-pyrrol-carboxylic acid (Ciamician a. Sil- 
ber, B. 10, 2388). 

TBI-BROMO-PYROGALLOL CJIaBraO^ i.e. 


OaBrs(OH)3. Tri-hiwm-ivjrogallic acid. From 
tannin, glacial acetic acid and bromine at 100° 
(Stenhouse, C. J. 27, 686 ; 28, 7; Webster, G. J. 
45, 207). From pyrbgallol and Br (Hlasiwetz, 
A. 142, 250). Flat needles, so]| hot water. Bro- 
mine-water converts it into ‘ xanthogallol ’ 
0,gH4Bri40- [122°] whence alkalis form 

0,gH,Br„0« [130°] (S.). 

e-BEOMO -PTBOMWCIO ACID 0,H.Br0,. 
Brcmio-furfurane carboxylic acid [129°]. S. 
1-26 at 20°. From either di-bromo-pyromucio 
acid [168°], or [192°] by reduction with zino- 
dust and ammonia (Hill a. Sanger, A. 232, 68). 
Oa adding HOI the acid separates in matted 


needles. Silky needles (from water, separating 
at first as an oil). Sol. chloroform and benzene, 
si. sol. light petroleum or CS,. Dr^ Br forms 
di-bromo-pyromucio acid [166°]. Dilute KjSOi 
gives bromo-fumario acid [177°]. 

Salts. — BaA '2 aq. S. 2T3 at 20°.— CaA'a 3aq. 

S. 1-77 at 20° -AgA'.— NaA'.— KA'. 

Ethyl ether KtA' [29°] (235° i.V.). 

CjiyhO -NlI,. [156 Silky n^jdles 
(fiiom water). *’* 

(5)-Bromo-pyroinucic acid CjII,HiO.. [181°]. 

S. -22 at 16°. v' 

Foruiation. — 1. By the action of^aloohollo 
KOTI on the dibromido of pyronmcic acid 
(Schiff a. Tasstnari, B. 11, ^^*2; G. 8, 297). 
An isomerido [155°] saiil to bo formed at the 
same lime has not been obseived by others. 
The dibromido of pyroniucic otlior when aaponi- 
lied also ^produces di-bromo-pyi'oniucio acid 
(Canzoneri a. Oliveri, O. 11, i72). -2. From 
pyroinucic acid (20 g.) and Br (36 g.) at 100°, the 
yield being 50 p.o. of the theoretical (Hill a. 
Sanger, A. 232, 46 ; P. 16, 1130). 

Pearly leaflets (from water) ; si. 
sol. cold water, cold benzene, and CHCl., ; m. 
sol. alcohol and ether. Aqueous bromine forms 
fumaric, and the two di-bromo-sucoinic acids, 
and di-bromo-furfurano tclrabroinide O^H^Br^O 
[111°], Dilute HNOa produces maleic acid. 

Sal ts.— KA'.-NaA'.— AgA'.— BaA'o laq (H. 
a. S.) : pearly plates. S. (of BaA'J 3*47 at 18°. 
— BaA'/iUaq (C. a. 0.).— CaA'.. 3aq ; clumps of 
prisms. S. (of CaA'..) 1’07 at 20 \ 

Ethyl ether EtA'. [17°]. (235 > i.V.). 

Aviide C,II,i;rO,(NH,): [115°]; needles 
(from water). 

Tetrahromide OJIaBr^Oa ; [173^]; noodles 
(from HOAc). 

Di-bromo-pyromucic acids. Pyromucic acid 
combines with bromine forming a tetrahromide 
which when Ijoir’''.! with alcoholic NaOH forma 
a mixture of t\. di-broino-pyromucic acids {j^y 
and (5)-broino-iiyromuciG acid and a tri- 
broraopyromucic acid (the latter from tetra* 
bromide of (5)-bromopyromucic acid present in 
the crude bromide). The calcium salt of the 
()35) acid is ppd. from dilute (1 in 30) solutions 
of the mixed acids by NH^ and CaCJI^. ^ Of the 
remaining acids, the (5) acid is present in very 
small quantity, while the Lii-broino- acid is very 
sparingly soluble in liot water (Hill a. Sanger, A. * 
232, 67 ; P. 17, 1759; c/. Tonines, P. 11, 1085; 
12, 1202; Civ..zoncri a. Oliveri, O. 14, 177). 

Constitution.— (Hill a. Sanger, A. 232, 97). ' 
Bacycr has i)roposcd for py 1 jiiiucio acid 

HC-C-COJI IIC~C-CO,H 


(I) 


I >0 ' 
HC-CII 


(II) 11 1>0 
HC-CH 


(III) Hc c-co,n 
IX>0 
IlO*-CH 


The two di-bromo-pyromucic acids would then be 


(la) 


BrC - C-CO3H BrC-C— CO,H 

I >0 (Ila) I! J>0 

BrC = CH HO--OBr 


BrC-O-CO^H 


and 
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(16) 


BrC«C-CO,H 
I >0 % (II6) 

Ha«=CBr 


HC— *0~-C0jB[ 
II l>0 
BrO-OBr 


{lllh) 


BrO-C-CO..H 

IX >0 ‘ 

HC-CBr 


Inasmuch as they are formed from the tetra- 
bronftde l 

HCBr-CBr.C(>,n 

I >0 

HCBr-CHBr 

by removing 2HBr. One of these acids pro- 
duces, on oxidation with UNO;,, di-bromo- 
maleio acid, tho«other gives mono-bromo-malcic 
acid. Neither of the di-bronio-pyromucic 
acids derived from (II) could produce di- 
jjromo-maleic acid, hence that formula is dis- 
proved. Formula (III) is unusuar in form. 
Assuming formula (I) ()37)-di-bromo-pyromucic 
acid is represented by (Fa) while its ()85)-isomo- 
ride is (lb), and (S)-bromo-pyromucic acid is 
CH = 0-C0JI 

I >0 , since on oxidation it gives 

CH=-.CBr 

maleic acid, while (/8)-bromo-pyromucic acid is 
CH = C-C0,1I 

I >0 since it may bo got by reducing 
CBr = CH 

either of the di-bromo-pyromucic acids. It 
will bo noticed that in the preceding argument 
it has been assumed that the bromo-pyromucic 
acids are similar in constitution to iiyroinucic 
acid itself. 

(/Sy) -di-bromo-pyromucic •acid CJLBrjOa 
[192*^]. S. *21 at 20’^. From the tetrabromide 
of pyromuoic acid and alcoholic NaOII (see 
above). Short prisms grouped ooncentric<ally 
(from benzene) or bulky feathery crystals (from 
water). Sol. alcohol or ether, tn. sol. chloro- 
form, b1. sol. CS.., boiling water light petro- 
leum (Hill a, Sanger, A. 232, 

Eeactioiis. — I. Dry hroininc forms tri^)romo- 
pyromucic acid. — 2. Brominc-%mpour iiasscd into 
an acpieous solution of the acid forms tetra- 
bromo'furfurano, C^Br^O, [05*^] and a little of a 
body C4lI;iBr.D.,[89°J (di-bromo-inalcic aldehyde). 
8 . Dilute HNOa on warming gives iiiucobromic 
and di-bromo-maleic acids. — 4. Zinc-duat and 
NHa from bromo-pyromucic acid [129°]. 

• Salts AgA'. — NaA' 2afi. KA'. — BaA'jSaq. 
S. *35 at 20°.— CaA'2 Saq. S. 1-17 at 20?. 

Ethyl ether. — EtA'. [6S°]. M#soh alcohol. 

Amide C.HBrANH,. [19C°j. Slender 
needles (from dilute alcohol). Insol. CSj or 
light petroleum. Sl.*so^. boiling water. 

(j35) -di-bromo-pyromucic acid C^HBr-Pa 
[168°]. S. *28 at 20°. Frofii pyromucic acid 
and bromine at 100° (Hill a. Sanger, A. 232,73). 
Also from the tetrabromide of pyromucic acid 
and alcoholic NaOH (see above). Small prisms, 
often in twins (from \fater). Very soluble in 
alcohol, ether, and boiling chloroform, less in 
benzene, sparingly in CS.^. or light petroleum. 

Reactions. — I. Aqueous bromine in the cold 
forms bromo-maleyl bromide. — 2. Dilute HNO, 
forms bromo-fumario acid, bromo-raaleic acid 
probably being an intermediate product of the 
reaction. 

Salts.— BaA'^aq. S. *10 at 16°.— CaA'^^Saq. 

B. *30 at 17°.- AgA'.-NaA' 2aq.-KA'. 


Ethyl ether EtA. [68^. (271® i.V. with 
decomposition). V. sol. ether, chloroform, benz- 
ene, and boiling alcohol, m. sol. cold alcohol or OS,. 

Bromide.— C4HBr2O2.Br. [40°]. (c. 154°) at 
24 mm. One of the products of the action of 
bromine upon pyromucic acid. 

Amide C.HBr,02NIL, [176°]. Silky needles. 

Tri-bromo -pyromucic acid C^HBr-jOg. [219°]. 
S. *072 at 13°. From the tetrabromide of (S)- 
bromo-pyroi ' ucic acid and alcoholic NaOII (Hill 
a. Sanger, 232, 91). Some tri-bromo-fur- 
fiirane is also formed. Small needles united in 
clumps. V. sol. alcohol and ether, si. sol. chlo- 
roform or henzeno, nearly insol. OS., light petro- 
leum or cold water. , 

BeaclUm?,—!. Water and brown';? c formtetra- 
bromo-furfurano [04°], thus: C,[lBr.,03-l-Br,. 
- C^Br^OH CO. + HBr.— 2. Dilute llNOa forms 
di-broirio-niale'ic acid. 

Salts. — BaA'^Baq. S. (of BaA'.J *20 at 
20°. — CaA'2 4aq. S. (of CaA',) *56 at 20°. — AgA 
— NaA'aq. KA'aq. 

Ethyl ether EtA'. [104°]. Bectangular 
prisms (from alcohol). , 

Amide C4Br;,0.,NH2. [223°]. Slender needles. 
Almost insol. CS.^, light petroleum or water, 
m. sol. ether, chloroform or benzene, v. sol. 
alcohol. 

Btt-BROMO-PYROTAETAKIC ACID 

C^H^BrO^ i.e. Cll2Br.CH(C(),lI).CH2.C02lT. 
Brmno-methyl-succinlc acid. [137°]. (c. 250 ). 
From itaconic acid and cone. IlBrAq nt 0° (Beer, 
A. 210, 79; cf. Fittig, A. 188, 73; Swarts, Z. 
1806, 722). Monocliiiio crystals, v. sol. hot 
water. Boiling Na2C03Aq gives itaconic and 
itamalic acids ; boiling water produces paraconic 
acid. • 

Ethyl ether EtA". (270°-275°). 

Cltra - bromo - pyrotartaric acid C 
[148°]. From citraconic anhydride and cone. 
JlBrAq at 0°. Also from mesaconic acid and 
fumi*g IlBrAq at 140° (F.). ]\ronoclinic crystals. 
Decomposed by heating alone or with NagCOaAq 
into niothacrylic acid, COn, arid HBr. The silver 
salt on heating witli water at 130° gives off 
allylcne CRIC.CIJ, (Bourgoin, Bl. [2] 28, 459). 

Bromo - pyrotartaric acid C^H^BrO^ [204°]. 
White prisms. Formed together with bromo- 
crotonic acid by the action of Br on propane- 
tricarboxylic acid CU3.CII(C02H).cn(C02H)2 
(fj. V.) (Bischoff a. Guthzeit, B. 14, 016). 

i^rt-di-bromo-pyrotartaric acid C3HgBr.204. 
From itaconic acid, Br, and water (Kekul6, A. 
t^appl. 1, 339). Crystals, v. sol. water, alcohol, 
and ether. 

Reactions, — 1. Sodinm-amalgam reduces it 
to pyrotartaric acid.— -2. Moist Ag.D forms di- 
oxy - pyrotartaric acid. — 3. Boiling aqueous 
NagCOs forms aconic acid. 

Anhydride C5H4Br203ji [50°]. Formed by 
adding Br to a solution of itaconic acid in 
, chloroform (Petri, 14. 1037). 

C^m-di-bromo-pyrotartaric acid 
CO2H.CBr2.CHMe.CO2H. [150°]. S. 133 at 13°. 
From citraconic acid and Br (Kckulb, A. Suppl, 
2, 86 ; Krusemark, A. 206,1). Groups of needles ; 
V. e. sol. water, alcohol, and ether. Heated with 
water or aqueous NagCOj it yields propionic 
aldehyde, bromo-propionio aldehyde, bromo- 
inethacrylic acid, and HBr. — CaA". 

Anhydride C5H4Br2P*. From oitraconio 
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anhydride and Br ; formed also by heating the 
following acid with water. , 
Afesa-di-bromo-pyrotartaric acid 
COjH.CHBr.CBrMe.COaH. [194^] and [204°]. 
S. 81*5 at 13°. From mesaconic acid and Br on 
warming (Kelml^, A. Suppl. 2, 102; Fittii?, 
A. 188, 86 ; 200, 1). Nodules. Heated with 
Na^COyAq it gives propionic aldehyde, two 
bromo-methacrylic acids, CO,„ and HBr. Ifoated 
with water it gives propionic allchyde and 
bromo-citraconic anhydride. I 

Di-bromo-pyrotartaric acid [lO'iJ]. Formed 
by brominating pyrotnrtaric acid (Beboul a. 
Bourgoin, Bl. [2] 27, 848). 

D^-bromo-pyrotartaric acid [128^]. From 
propane tri-carbo?^dic acid and Br (Bischoif a. 
Emmert, B. 15, 1107). 

Tri-bromo-pyrotartaric acid C.H-Br/),. 
From pyrotartario acid, Br, and water at 120"* 
(Lagei-mark, Z. 1870, 299). Hexagonal prisms; 
sublimes above 240°. — AgoA". 

TETRA-BROMO-PYROTBITARIC ACID 
0,11, Br^O^. Tetra-hromo-nvic acid. [Ifi2°j. 
Obtained by exposing powdered dry pyrotritaric 
acid to the vapour of drjn bromine at the onlinary 
temporatiii'o. Large colourless crystals. V..sol. j 
alcohol, ether, acetone, acetic acid, chloroform, ! 
benzene, and CSo, insol. water and petrolenm- 
other. The bromine is removed by alkalis and 
by aniline. By sodium-amalgam in slightly 
acid solution it is reduced back to pyrotritaric 
acid. By the action of an excess of liromine at 
100° it yields penta-bromo-pyiotritaiic acid. 

Tetra - bromide Cj]l,Bi\03 : [180°]. 

Formed by dissolving tetra-bromo-pyrotritaric 
acid in an excess of dry bromine. Small prisms ; 
V. sol. acetic acid, si. sol. benzene, chloroform, 
and CSo, insol. water and ligroTu.*' Decomposed 
by alkalis, llodncod to i^yrotritaric acid by 
sodium amalgam (Dietrich a! Paal, B, 20, 1078). 

Penta-bromo-pyrotritaric acid 
C,HoBr,0(COoH). [c. 197°]. Obtained by heat- 
ing the tetra-bromo-derivative with cxcos^^ of 
bromine at 100°. White glistening crystals. 
V. sol. ordinary solvents except water andligrom 
(Dietrich a. Baal, B. 20, 1082). 

TRI - BROMO - PYRROL - (a) - CARBOXYLIC 
ACID C.,NHBr.,(COoII). Tri - hromo - (a) - carbo- 
pyrrolic acid. Long colourless needles. V. sol. 
alcohol, ether, acetone, si. sol. hot water, insol. 
pctrolcnm-etlier. The methyl ether is formed 
by bi'omination of the metliyl ether of pyrrol- («)- 
carboxylic acid. 

Methyl ether A'Mc: [210^]. Long slender ' 
needles, v. sol. ether and hot alcohol, si. soi* 
benzene and petroleum-etlier, insol. Avater (Cia- 
mician a. Silber, B. 17, 1158). 

Di-bromo-pyrrol di-carboxylic acid. Methyl 
ether C4NHBr,(CO,Me)2. [222°]. From di- 
methyl pyrrol di-carboxylate and Br (Ciamician 
a. Silber, O. 17, 2»9). Long ^hite needles ; , 
insol. water, sol. ether and hot alcohol. Con- I 
verted by cold fuming UNO* into CJI,BrNOi i 
[0. 171°]. « 

BROMO-PYRRYL METHYL KETONE 
CH3.CO.C4H,BrNH. Pseudo - acetyl - bromo - \ 
pyrrol. [108°]. Long colourless lecdles; ob- 
tained by bromination of pyrryl methyl ketone 
(Ciamician a. Dennslcdl, B. 16, 2854). 

Di-bromo-pyrryl methyl ketone 
CH..CO.C*HBraNH. [144°], white needles. 


Formed by bromination of pyrryl methyl ke- 
tone. 

Tri-bromo.pyrryl methyl ketone OjH^BrjON. 
[179°]. White silky needles. Sol. hot alcohol, 
ether, and aqueous alkalis, insol. water. Formed 
by the action of bromine upon pyrryl methyl 
ketone in aqueous solution (Ciamician a. Silber, 

B. 18, 1765). 

Penta-bromo-pyjryl methyl ketone 
O^IIdlr^ON. [204*]. Small white needles. 
Formed by bromination of tlio tri-bromo-dcriva- 
tive dissolved in acetic ncid (C. a. S., B. 18, 
,1765) or of pyrr^^mcthyl ketone (C. a. H.). 

BROMO-PYRUVIC ACID C3n,B);0., i.e. 
CHBr.CO.CO.,H. From pyruvic judd, Br, and 
water at 100° (Wiehelluyis, B. 1, 265). Syrup. 

Di-bromo-pyruvic acid CIIBr.3.CO.CO,,H. 
[91°] (W.) ; [98°] (C.). From pyruvic acid 
(1% ). waty (lOg.), and Br (45g.) at 100 ’ (Bot- 
tinger, B. 14, 1236; cf. Grimaux, Bl. [2] 21, 
C9l ; Clermont, iiZ. [2] 19, 108; Wislicenus, A. 
148, 208). Monoclinio eOlorcsccnt tables (con- 
taining 2aq) ; sol. water and ether. Baryta con- 
verts it into tartronic aeid. Benzene and cone. 
ILSO^ form CHBr.,.(j(OTJ)Pli.C().,H (Jiottingor, 
li. 14, 1285). - Di-l)romo-pyruvic acid (1 mol.), 
urea (1 mol.) and cone. H.,S(), form di-bromo- 
pyruvnroide 0,4LBr.,N./)jj, whence bromine- 
water forms tri-bromo-pyruvnrin C.BraN.OaH^, 
a body which is decomposed by cold ammonia 
into bromoform and amnionic oxalnratc. Am- 
monia converts di-bromo-pyvuvnroido into di- 
bromo-pyruvuramide C,Tl,,Br.N;,0.3 which is de- 
composed by boiling baryta-water into NH,, 
urea, HBr, tartmnic acid, and amido-uraoil 

C. H.NaO, (E. Fisclier, A. 2811, 185). 

Tri - bromo - pyruvic acid CBr.pCO.COgH. 
[00°], [101°, hydrated]. Formed, together with 
[ the preceding, by brominating ])yriivio acid 
j (Griinanx, Bl. [2J 21, 390). Also from lactic acid 
and Br. Lamir^n resomliling naplitlmlene (con- 
I taining 2aq) ; ki. ^ol. cold wafr>i'. Decomposed 
I by boiling wat??r into bromoffirm and oxalic 
: acid. 

I Ethyl ether EtA'. [97 ]. Formed by add - 
I ing Br to a solution of lactic aeid in ether (Kli- 
: menko, J. R. 8, 125 ; Wislicenus, A. 148, 10). 

I DI-BROMO-PYRUVURAMIDE C.H.N^Br.p,,. 

Di-broiuo-pyvuramide. [170°- 180 ]. From di- 
i bromo-pyruvurcidc and couc. N1 1.jAq in the cold 
; (Fise.hor, A. 289, 191). ' Slender needles (from 
j alcohol). V. sol. warm water, blit slowly decom-* 
posed by boiiing wfp.er. Dcco’ujKisfjd by boiling 
baryta-water ‘into Nil.,, nrea, ilBr and tartronic 
acid, another portion forming amido-uraoil. 

DI - BROMO - P YRUVURpIDE 0,lLBr,N.A. * 
Di-bromo-pyvurcidc. ‘’’rum di-bromo-pyruvio 
acid (7. u.), urea, and cone. H.SO, (Fischer, A, 
289, 188). Graiiiik\ r crystals (from TTOAc), v. si. 
sol. alcohol, water, and aeids ; sol. dilute alkalis. 
Decomposed by boiiiin^ alkalis. Decomposed by 
heat above 280°. Its ammonium and guanidine 
lealts arc si. sol. water. * 

TRI- BROMO -PYRUVURIL ANHYDRIDE 
C^HjEraN^Oj. Tri-bromo-anhydro-pijvuril. 
[i80°]. Formed by heating tri-bronio-pyruvio 
i acid and urea at 100° (Grimaux, A. Ch, [5] 

I 11, 878). Light ner3dles (from water). 

TRI - BROMO PYRUVURINE C.HjBrjN .,0, 

I i.e. CBr 3 .CO.CO.NH.CO.Nir 3 . UreUe of tru 
I bromo-pyruvic acid. Tri-hromo-pyvuriiie. [247°] 
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From di-bromo-pyrtxvureXde and excess o! bro- 
mine-water at lOO*’ or pNO, (S.0. 1*4) (Fischer, 

A. 239, 189). Glittering plates, m. sol. boiling 
water and alcohol, y. si. sol. ether. Decomposed 
even by cold alkalis into bromoform and ammo- 
nium oxalurato. 

(I?. 2)-BItOMO - QUINOLINE OJI,BrN i.e, 
CrtH3Br(OaH3N). Benz-bromo-^quiiioline. (278^). 
LiquM. Volatile with steaVi. Prepared by 
heating jp-bromo-anilino witft glycerin, iiitA)- 
benzeno and II.SO^; the yield is 80 p.o. 

Salts. — B'HCl : small Av^^^to needles. — 
(B'HCljartCl^ : microscopic needles (La Coste, 

B. 15,558). 

Bromo-quinoUne CeH^BrN. (270°). Yellowish 
oil. Prepared by bromination of quinoline. 
Perhaps identical with the preceding. 

Salts. — B'HCl: monocliuio prisms. 

(B'HCl)3PtCl^ : fine orange-red need I el. 

Methylo-iodido GpH(,BrNMeI. By the 
action of AgD on an aqueous solution of the 
iodide, a strongly alkaline solution of the hydrate 
is produced(Ci,HrtBr]S[McOIJ);this is transformed 
on standing or warming, by splitting off II^O, 
into the much more stable methylo- oxide. 

Methylo-oxide (C„II,.BrNMe)oO. [147°]. 
This is also formed by the action of KOH on the 
iodide. Colourless needles. Soluble in hot alco- 
hol, sparingly in cold, very slightly soluble in 
water and ether. Combines with acids very 
slowly (La Coste, B. 14, 915 ; 15, 188). 

vCBriCH 

{Py. 1 or 2)-Bromo-quinoline | 

\N : CH 

XILOBr 

or I . (274° uncor.). Formed, to- 

\n : CII 

gethcr with propyl bromide, propylene bromide, 
quinoline liydrobromide, Ac., by heating the 
propylo-bromido of quinoline<li-bromide to 
170°-190°. Prepared by heating to 180° the 
hydrobromide of quinoliiifw di - bromide ; 
08H,Br,N,HBr = C„II,BrNJJBr + IlBr; th^ui no- 
line-di-bromido is formed by the action of bro- 
mine on an ethereal solution of quinoline. Oil of 
aromatic smell resembling quinoline. On oxida- 
tion with KMiiO, it yields oxaloxyl-anthranilic 
acid C,iH4(COalI).NIt.CO.CO.,H and bromo-pyri- 
dine-di-carboxylic acid C.,lLBrN(COoH)2. 

Salts. — B'HCl: nee^lles or tables; sublimes 
without melting.--B'HBr : foursided tables or 
prisms ; sublimes at c. 190° without melting ; 
sol. alcohol, si. sol. cold water.t-BTHNOj* ; 
[180° imcor.]; small concentric prisms. — 
...B'^HaSO/ : [183° uncor.]; small needles; dis- 
sociated by water. — BT^lI^Cr^O, : [145°] ; sparingly 
soluble flat yellow prisms (from hot water). — 
B'jHjjCl.PtCl^ : small orangc^ycllow needles.— 
B'^AgNO, : [173°]; needles (Claus a. Col- 

lisohonn, B. 19, 2703). 

(B. 1:4) -Di-bromo -quinoline 

[128°].%)-Di-5rm7to-!2m'jmZme. 

^ Forniatio7i.^l, By bromination of quinoline by 
heating the hydrochloride with bromine at 180° 
(La Coste, B. 14, 917 ; 15, 191). — 2, By heating 
di-bromo-aniline [1:4:5] with a mixture of glyce- 
rine, nitrobenzene and HjjSO* (Metzger, B. 17, 
186). 

Properties, — Distila without decomposition. 
Volatile with steam. Long white needles. Almost 


itiso). water, v. soL aloohol» ether^ benzene and 
aqueous acids. ' 

Salts. — B^Ol. amall needles. 
B'gH201aPtCl4 : fine yellow needles.— B'^HaOraO, : 
orange-red microcrystalline powder, decompose 
by water into the base and OrOg. The piorate 
forms long yellow needles, decomposed by water. 

Methylq-iodide B'Mel; Slender rod 
needles. Sojj. hot water, insol. ether and cold 
alcohol. j. 

Methylo-oxide B'^Me^O. Formed by the 
action of NaOH on the iodide. Miorosoopio 
needles. 

(B. 2, 4).Di-bromo-quinolme CJLBr2(03H.N). 
[101°]. Slender colourless needles. * Volutinsea 
undecomposr'd. Formed by heating di-bromo- 
aniline with glycerin, nitrobenzene and H.SO.. 
(B'HCll^PtCl^ (La Coste, B. 16, 659). 

Di-bromo-quinoline (probably B. 2 : Py, 1)* 
CoTI Br^N. [124° uncor.] Formed by the action 
of bromine (2 mols.) u]Don quinoline-(B. 2)- sul- 
phonio acid (1 mol.) in cold aqueous solution. 
Long colourless needles (from ether). SublL 
mable. It is oxidised iby KMiiO^ to bromo- 
pyridine-di-carboxylio acid [105°] (Claus a.. 
Kiittner, B. 19, 2884). 

Di-bronio-quinoline tetrahydride OgHgBraN. 
[66° uncor.]. Formed by reduction of tetra- 
bromo-quinoliiio with sodium amalgam. Colour- 
less tables. Volatile with steam. Sol. alcohol 
and ether, insol. water. 

Salts. — B'HCl: [75°], aoicular crystals. — 
(l>'HC])2PlCl4 2aq : yellow crystalline powder. — 
B'lINO;, : [189°] : prisms. — B'H^SO^ : white 
plates, decomposes at 246° uncor. — ll'II^OgO^ ; 
colourless tables, decomposes at 171° uncor. 
(Claus a. Istel,^B. 15, 822). 

Tri-bromo-quinoline Oi,H,Br.,N. [170° uncor.]. 
Formed by the action of bromine (3 mols.) upon 
an aqueous solution of quiiioIino-(B. 2)-sul- 
phonje acid (1 mol.) at 100°. Long silky 
needles. SI. sol. cold ether (Glaus a. Kiittner, 
B, 19, 2885). 

Tri-bromo-quiuoline CJIBrsN. [175°]. From 
quinoline and Br (Lubavin, A. 155, 318). Silky 
needles ; v. sol. hot alcohol. Possibly identical 
with the preceding. 

Tri-bromo-quinolinoCJIiBrjN. [198° uncor.]. 
Formed by the action of bromine uijon an aque- 
ous solution of quinoline-(B. 4)-sulphonic acid 
at 100°. White felted silky needles. V. sol, 
ether and hot alcohol. Sublimable (Glaus a. 
Biittnor, B. 19, 2882). 

Tetra - bromo - quinoline OgHBr^N [119° 
uncor.]. Long colourless needles or thick 
prisms. Insoluble in water. Formed by bro- 
mination of quinoline in OS. (Claus a. Istel, B, 
15, 820). 

Hexa-bromo-quinoline OgJIBr^N. [90°]. .From 
pyridine (2, 3)-df-carboxylic acid, Br, and water 
,(Weidcl, A, 173, ^5). Needles (from alcohol). 
Rediiqpd to quinoline by sodium amalgam. 

{B. 4) -BKOMO- QUINOLINE (B, 1).CAR. 
BOXYLIC ACIDCJIBrN(C03H). [275°]. From 
bromo-araido-benzoio acid OgHgBr(NHj).C03H 
[1:2:4] (lOg.), glycerin (22-5g.), o-nitro-phenol 
(6g.), and H2SO4 (20g.) by heating for 6 hours at 
160° (Lcllmann a. Ait, A, 237, 813). White 
powder, v. si. sol. water and ether, si. sol. hot 
alcohol. Salt.— (HA')2HaPtClg4aq. 
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J^aOMO-ftOlHOUltE-IULPHOKIO AOIS 
M,(Br)N(SO.Ht. S. -08 aS 92“! -9 at 106“. 
Bhcrt thin needles. SL sol. alcohol. Pomed 
together with the ^-acid hysnlphonatingbromo- 
quinoline. 

Salts. — ^A'2Mn4aq : small yellow needles. — 
A^Ag : spangles or needles. — A'K : short prisms, 
S. 1*37 at 17°. — : felted needles. — A'.,l{a ; 
nearly insoluble crystalline pp. — A'oMglOaq: 
colourless plates. - A'.,Zii 4aq : tliinf)! colourless 
needles (La Costo, B. 15, 1910). q 
(^)-Bromo-qiiinoline-sulphonio a- Id 
0BHjN(Br)(S03n). S. -15 at 22^; 2*76 at 100°. 
Short thick needles (containing aq). Formed 
together with the (a) -acid by sulphonation of 
bromo-quinolino. 

Salts. — A'Kl^aq: large tables, S. 17*25 
at 22°. — A!Ag: colourless needles. — A'2Ba2aq: 
sparingly soluble needles. — A'.^Mg 9aq : srnall 
needles. — A'aZriOaq: six-sidcdtables. — A'..Mn Caq: 
colourless tables (La Costo, B. 15, 1015)“. 

BROMO-QTJINONE CJI^BrO.,. [50°]. Formed 
by oxidising bromo-hydroquinonc with Fe.^Cl,; 
(Sarauw, A. 200, lOG). Groups of needles, v. sol. 
alcohol, ether, and benzene, si. sol. hot water. 
Ammonia gives a green colouration, turning 
black on warming. 

Li-bromo-quinone C„H2Br.,0.,. [183°]. Formed 
by oxidation of di-bromo-hydroquinono (S. ; 
Benedikt, M. 1, 346). Small golden crystals, 
insol. water, sol. alcohol, ether, and benzene. 
Boiling KOflAq gives di-bromo-di-oxy-quinone 
(dibromanilio acid). 

Di-bromo-quinone O^HoBr^Oa. [70°]. 

Forniaiion.~Di - bromo - p • diazo - phenol, 

is converted by a boiling solution 

of calcium chloride into di-bromo-hydroquinono, 
CflIi2Br.2(OH)2. This solution is mixed with 
Fe-^Clfl and distilled, when the quinono passes 
over. Tho yield is small. 

Projperties. — Long, extremely slender needles, 
sol. in alcohol, etlier, CHClg, CS., benzene, and 
alkalis. Pungent. May bo sublimed (Bohmer, 
J.pr. 132, 405). 

^ Di-bromo-quinono CJLBroO.^. [122°]. PVom 
tri-bromo-phcnol and fuming HNO3 at 0° (Levy 
a. Schultz, A. 210, 158). Yellow lamijia) (from 
dilute alcoliol). 

Di-bromo-quinone? [88°]. From qucrcite 
and HBrAq at 100° (Prunier,.d. Ch. [5] 15, 67). 
Three di-brorno-quinones are indicated by theory. 

Tri-bromo-quinone OsHBraOj. [147°]. Formed 
by oxidising tri-bromo-hydroquinone in dilute’ 
alcoholic solution (Sarauw, A. 209, 120). Golden 
leaflets (from alcohol) ; sol. alcohol, ether, and 
benzene. Alkalis give a green colouration, 
followed by separation of red prisms. Boiling 
oonc. NaOH gives di-bromo-di-oxy-quinone and 
tri-bromo-hydro(iuincne. A tri-bromo-quinone 
[108°] is got by heating queroite with HBr (P.). 
A tri-bromo-quinone is also forfhed by reduction 
of tetra-bromo-quinone (Stenhouse, A. St-.jwl. 
8, 20 ; c/. Herrmann, B. 10, 110). 

Tetra-bromo-quinone O^Br^Oj, BromaniU 

Formation,--!. By treating phenol with Br 
and I (Stenhouse, C. J. 23, 10).— 2. By boiling 
piorio acid withBr and water (Stenhouse, A. 91, 
807).— “8. From quinone and Br (Sarauw, B. 12, 
$80, A, 209, 126).— 4. A product of the action of Br ' 


and water on benaoio acid (H0bncr, il, 143, 266), 
and on protefds (Hlasiwetss a. Habermann, .4. 
159, 820).— 6. From tri-brc^o-phenol and HNO, 
(Losanitsch, B, 16, 474), — 6. From di-oxy-di- 
hydro-terephthalio (sucoinylo-succinic) acid and 
Br (Herrmann, A. 211, 341).-7. From (1, 3,5,4)- 
bromo-di-nitro-phcnol by licating with Br (Ling, 
C./. 51. 147). ^ V 

Properties.— Go\!&\\ larninsD (from HOj^o) ; 
sub)[ime3 as sulphdr-ycllow crystals. Insol. 
water, m. sol. boiling alcoliol, si. sol. ether. 
HIAq reduces it ^to telra-bromo-liydroquinone. 
Potash forms a greenish-black solution turning 
purple. 

Tetra-bromo orf/io-quinone C,Br^O,j 
[1:2:3:4:5:6]- [151°]. Obtained by oxidation of 
tctra-bromo-pyrocatcchin in acetic acid solution 
with HNO3. It can also be prepared directly 
from pyroevtcehin by adding bromine (10 to 
12 pts.) to a boiling solution of tho latter (1 pt.) 
in acetic acid (20 pts.). Dark-red thick prisms, 
tables, or transparent plates. V. sol. alcohol, 
ether, acetic acid, and benzene, si. sol. petroleum 
spirit. It is a powerful oxidising agent, being 
readily reduced to tetra- bromo -pyrocatcch in. 
\yith aniline it gives a compound which crystal- 
lises in bluish-black glistening plates or thick 
needles [173°] (Zinckc, B. 20, 1770). 

DI-BLOMO-QUINONE-CHLORIMIDE 
/NCI _ _ 

C.H,Br,<^| [80“] Long yellow 


prisnis. Prepared by adding a solution of 
chlorido of lime to an acidified solution of di- 
bromo-amido-phenol [2;6:4:1J (Mohlau, B. 10, 
2845). 


DI-BBOMO-QUINONE-PHENOL-IMIDE 

7 [4:2;6:1]. 


Formation . — By adding di-bromo-quinone 
chlorimido to ai,i^?^kaline solution of phenol. — 

2. By oxidising an alkaline solution of di-bromo- 
amido-iiL'mol [2:6:4:lj and phenol with K.^Cn^O,. 

Properties . — Dark red prisms witli metallic 
reflection. Sol. alcohol, ether and acetic acid 
with a magenta-red colour ; insol. water. 

Reactions.— On lieating with HCl it is split 
up into quinone and di-bromo-amido-phenol. 

On reduction it yields di-bromo-di-oxy-di-phenyl- 

amine 

Sod it- m i^aft C/2n6Br„ONi(ONa) : long blue 
prisms with golden-green reflection. Sclublo in 
water and alcoliol with a blue colour. Heated 
with ancxce.ss of aqueous N <011 the blue colour 
changes to red, but rcappu .rs on cooling (Mohlau, 

B. 16, 2815). 

BKOMO-BESORCIN C,H3Br(OH)3, [91°]. 
Formed by boiling bi*omo-di-oxy-benzoic acid 
with water for some hours (Zehenter, M. 8, 293). 
Groups of needles ; v. soj. water and ether, m, 
bbl. alcohol. FcjClg colours tho aqueous solu- 
tion bluish-violet, a rod pp. being subsequently 
formed. Heated with water, K.^COj, and SnCl, ” 
it gives resorcin and di-oxy-benzoic acid. 

Bromo-resorcin. Di-propyl derivative 
06H3Br(OPr)2. [71°]. Formed by brominating 
di-propyl-resorcin (Kariof, B. 13, 1079). Colour- 
less silky needles ; may be sublimed, V. 0OL 
alcohol and HOAc ; b1. boI. water. 
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Di-bromo-resoroin CaH,Bra(OH) 2 . [93®]. 
Formed, together with ‘di-bromo-mono-reaor- 
oin phthaleiCn,* by floating tetra-bromo*fluo- 
reacein (eosin) with dilute NaOHAq at 140® 
(Baeyer, A. 183, 67; Hofmann, H. 8, 64). 
Formed also by boiling di-bromo-(l,3,2)-di-oxy. 
benzoic acid with water (Zehentcr, M. 2, 478 ; 
8, 293). Needles (from water) ; m. sol. hot 
wat|.r, V. c. sol. alcohol and Pther. FojjCla gives 
a transient violet colour. \ 

ether CaHnBry(OMe)2. flA®]. 
Slender needles. Insol. water, sol. alcohol 
and ether. Prepared by brA's.iination of the 
dimethyl-ether of resorcin (Tiemann a. Parri- 
sius, B. 13, 2305 ; c.f. ITonig, B. 11, 1041). 

Di-bromo-rcaorcin ,CJi.;Hr.(OTl).. [112']. 
From Br and resorcin in CS. (Zeheiiter, M. 8, 
203). Colourless needles (containing aq) (from 
water) ; in. sol. hot water. Fe„Clfl ^vea a blue 
colour followed by a dark pp. 

Tri-bromo-resorcin C,FlBr3(OH)2. [104°] 
(Typke, B. 10, 1578). From resorcin, Br, and 
water (Hlasiwetz a. Barth, A. 130, 357), or Br, 
and IIOAc (Bencdikt, 71/. 4, 227). Formed also 
by heating penta-bromo-rcsorcin with aldehyde 
or formic acid (Claasscn, B. 11, 1139). Small 
needles ; si. sol. water, v. sol. alcohol. 

Mono-acetyl derivative 
CJlBr;,(OH)(OAe). [114^]. From mono-acetyl- 
resorcin and Br (C.) ; sol. hot water. 

Di-acctyl derivative OuHBr3(OAc)2. 
[108°]. From penta-bromo-rcsorcin and Ac^O. 
Sol. hot water. 

Mono-methyl ether C,HBr3(OIT)(OMe). 
[104°]. From raono-meth;jl-resorcin and Br. 
Slender white needles , sol. alcohol and ether, 
insol. w’ater (Tiemann a. Parrisius, B, 13, 2304). 

Tetra-bromo-resorcin 0,iBr^(Ori),,. [103^]. 

(C.) ; [1G7°] (B.). Formed by treating penta- 
bronio - resorcin with (Claasscn, B. 11, 

1410; Bencdikt, 71/. 1, 300). • Small needles 
(from alcohol). 

Di-acctyl dcrivat im C6Br^(OAc)2. 
[109°] ; V. sol. hot water. # 

Fenta - bromo - resorcin C,iBr,(OTTl(OBr) ? 
[114°]. Formed by adding an aqueous solution 
of resorcin to a cooled mixture of Br and water 
(Stenhouse, A. 103, 181). Dimotric crystals, 
<i:c- •0070:1. V. si. sol. water. Alcoholic 
AgNO., i)ps. more than two-thirds of its Br. At 
100° it splits up into*^ bromi?ie and tri-bromo- 
*resoqninono 0,^1 Mir., 0^ (Liebermann a. Dittlcr, 
B. 6, 1090; A. 109, 250). .ConvertetJ into tri- 
bromo-rcsorcin by cone. HI, SnCl., warm 
alcohol, aldehyde, or formic acid (Honedikt, 3/ 
1,351; Claasscn, Jf. 11, 11.33). Boiling Ac.O 
gives di - acetyl - tri - b’omo - resorcin. Aniline 
forms tri-hromo-aniline and^tri-bromo-resorcin ; 
phenol acts similarly (Bcnedikt, 77. 11, 2108). 
Boiling dilute KOH produces bromoform. 

Hexa-bromo-resorcin CJ3r,(OBr)2? [130°]. 
S.G. 3-188. Prepared by heating tetra-bromo- 
resorcinol with excess ^f bromine. Monoclini<^ 
crystals: a:5:c = •983:1:1’0&7 ; $ — 85°30'. Decom- 
posed by alcohol forming tetra-bromo-resorcin 
(Bencdikt, M, 1, 365). 

TKI-BROMO-BESOQUINONE C.HBr.Oj or 
OijHjBr^jOj. Formed by heating penta-bromo- 
rosoroin at 160° (Liebermann a. Dittler, B. 6, 
1090). Orange needles ; insol. water, v. sol. 
alcohol and ether. At 230° it gives off Br 


leaving amorphou# 0 „H;Br 404 . Reduced by 
Sn and HOI to tsra-oromo*tetra>oxy-diphenyl 
(Benedikt, Af. 1, 360 ; B. 11, 2170). 

DI - BROMO - BESORCIN - PHTHALEIN bo- 

called 0,4H«Br20si.e.C02H.C«H..C0.C4HBr2(0H), 

Bi-hromo-di-oxy -benzoyl-benzoic acid, [220°}. 
Forrned, together with di-bromo-resoroin, by 
heating tetra-bromo-fluoreacoin with dilute 
NaOHAq (ilaoyer, A. 183, 66). Plates, v. si. 
sol. water, r 

BROMOIrETENE V. Betenb. 
BROMO|rICINELAIDIC acid C,,H 3,BrO,. 

From the dibromide of ricinelaidic acid and 
alcoholic KOH. Oil. Alcoholic KOH forms an 
acid [71°] (Ulrich, 1867. 549). 

BROMO - RICINOLEIC ACID OisHaJlrO,. 
From ricinoleic acid by successive treatment with 
Br and alcoholic KOH (Ulrich, Z. 1867, 646). 
Oil; converted by alcoholic KOH into ricin- 
Btcarolic acid OjgHaaO.,. 

Di-bromo-ricinoleic acid C^HaaBr^O^. From 
ricinstoarolic acid and Br. Oil. 

BROMO-ROSANILIXE v. Rosaniline. 
TETRA-BROMO-ROSOLIC ACID CaoTIpBr^Oj. 
From Br and rosolic arf?id in IIOAc (Graobo a. 
Caro, A. 179, 201). Lustrous green plates, insol. 
water. ^ Its alkaline solutions arc violet. — A"Agj: 
dark violet pp. 

Ethyl ether A"Et : [110°-115°], soluble 
in alcohol, ether, and benzene, insoluble in water 
(Ackermann, B. 17, 1627). 

BROMO-ROSOauINONE C.jH.Br.O, U, 

I I (?). Red and steel-blue crystals. 

CJI^Br^-O 

Prepared by the oxidation of tctra-bromo-phenol- 
plithaloin (5 pts.) dissolved in H.BO4 (250 pts.) 
with a mixture of IINO3 (6 pts.) and HaSO. 
(50 pts.). 

Bromo-rosohydroquinone C.JLBr.Oo i.e, 
C«H2Br2.0II 

I (?). Tetra • hromo-di - oxy - diphenyl, 

C.MBr^.OH 

[264°J. Sublimable. Prepared by tlio reduo- 
lion of the corresponding quinono (Baeyer a. 
Scljraube, B. 11, 1301). 

BROMO-SALICYLIC ACID v. Bromo-o-oxy- 

nUN/OIC ACID. 

BROMO-SALICYLIC ALDEHYDE v, Bromo- 

O-OX Y- 11 r.NZOlC ALDEH YDE. 

BROMO-STEARIC ACID C,jr,,Br02. [41®]. 
S.G. 1-0653. From stearic acid (7 pts.), 
bromine (4 pts.), and water at 135° (Oudemans, 
J.pr. 89, 195). Crystalline mass, insol. water, 
V. sol. alcohol and ether. The silver salt heated 
witli water forms stearidic acid C,fiHa,02. 

Di-bromo-stearic acid C,sH.,jBrJ02. From 
oleic acid and Br (Overbeck, A. 140, 42). Oil. 
Alcoholic KOH forms bromo-olci'c and stcarolio 
acids. Moist Ag.p gives oxy-oleic acid Ci^HajOg 
and di-oxy-ste%ric acid C,sMa„0,,. 

Di-bromo-stearic acid CisHgiBraOa. [27®]. 
From elaidic aciiT and Br. Reduced to elaidio 
acidfjy sodium amalgam. 

Tri-bromo-slearic aoid CigHaaBraO^. From 
bromo-oleio acid and Br. Oil, 

Tetra-bromo-stearic acid C,8Hg2Br402. [70°] 
From Btearolic acid and Br. Laminro (from 
alcohol). 

BROMO-STILBENE v, Bbomo-di fiientl* 

ETHYLENE. 
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BBOMO-STKYCHNINeV;. Strychnine. • 
W.BEOMO - STYBENE % C«H,Br t.d. 

Bronw-pJLenyl-ethylene. Formecl 
by boiling styrene dibromide with alcoholic 
KOH or by heating it with water at 100° ((Haser, 

A, 164, 168; Radziszewski, D. 6, 493). Heavy 
pungent oil ; decomposed by distillation. Con- 
verted by heating with water intolohcnyl-acctic 
aldehyde (Erlenmeycr, B. 14, 323)1 

a - Brorao - styrene 0,11 .CJlrfcll.. [7°]. 

(220° i.V.). r 

Formation. — 1. From styrene libromide and 
alcoholic KOAc at 160° (Zincke, A. 216, 200).— 
2. By boiling a/3 -di-bromo-phenyl-propionic acid 
wifh water (Bari-di, J. pr. [2J 20, 170; Fitfig 
a. Binder, A. 106, 141). — 3. From bromo-oxy- 
phenyl-propionic acid and water at 200° (Cr.). 

Properties. — Oil, with pleasant odour of 
h3'aoinths. JMaybe distilleil. Does not readily 
give up its Dr. Converted into acetophenone by 
heating with water at 180° (Friedel a. Dalsohn, 
ni. [2] 32, 614). 

Di-broino-styrene CJI,J3r.„ (254°). From 
tri-(;.ro-bromo-/3-pheny4-propionic acid and water 
at 100° (Kinnioutt a. Palmer, Am. 5, 381). Oil. 

Tri-bromo- styrene CJI.,Dr,. From the pre- 
ceding and Dr. Oil (K. a. P.). 

BROMO-STYRENE DIBROMIDE Di-nnoMO- 
ETIIYL-nnX/KNK. 

BROMO - SUBERIC ACID C,JI„Br(CO,TI),. 
[103°]. Pre|)jired, together with di-bromo- 
suboric acid, by tlio action of bromine and 
phosphorus on suberic acid. Crystallino 
powder. Sol. alcohol and ether. Dy alcoholic 
KOH it gives suborcouic acid (Cranttner a. 
Hell, H. 15, 142). 

Di - bromo - suberic acid u*HioDr„{CO.H)._, 
[173°J. Fi^rmed by bromination of n-subcric 
acid. Glistening nc(-dles. V. sol. alcohol, ether, 
and hot water, v. si. sol. benzene, chloroform, 
ligroin, and cold water. D}' heating with alco- 
holic KOH it gives di-ethoxy-snboric acid to- 
gether with a small quantity of snbercolic acid 
C«H,(CO,.H).. (Hell a. Rempel, B. 18, 813). 

BROMO - SUCCINIC ACID C,H,BrO., i.c. 
CO..TI.Cn,.CnDr.CO..H. [160°]. S. 19-2 at 
16-5°. 

Formation.- ~1. Dy heating succinic acid 
6g.) with Dr (2^- c.c.) and water (40 o.c.) at 120° 
Kekul6, yl. 117, 125; Carius, A. 129, 6; Hell, 

B. 14, 892). — 2. From succinic acid (5g.), Dr 

(2^ c.c.) and chloroform (5 c.c.) at 160° (Orlow- 
sky, J. 11. 9, 277). — 3. From succinic ether aiid 
Br (Schachcrl, B. 14, 637). — 4. Dy the action of 
HDr on fumaric, tarlaric, malic, and racemic 
acids (Kckul6, A. 130, 21; Fittig, .4. 188, 88; 
Ansciiitz a. Deiinert, B. 15, 613). 5. By de- 

composing its bromid(3 with water (Volliard, 

A. 242, 15.3). 

Properties. — Small prisms, t. sol. water. Its 
silver salt rapidly decompose* Moist Ag,X) gives 
malic acid. Sodium-amalgam produces sij^ccinio* 
acid. Boiling water slowly forms fumaric acid. 

Anhydride C^HaDrO.,. [31°]. (137°) at 

11 mm. From the acid and AcCl at 100° (A. a. 

B. ). Decomposed by heat into HDr and malcio 
anhydride. 

Methyl ether Me. A", (c. 134°) at 30mm. 

Ethyl ether (226°). Inflames the 
|kin. Cold aqueous or alcoholic NH- convert 

Vo^. J. 


it into fumaramide. Aqueous NH* at 110* 
gives asparagine (K6mcr a. Menoarai, G. 17, 171). 

Bromide O.HaBr((to;,Br).^, Formed by 
adding Br (1100 g.) gradually to a mixture of 
succinic anhydride (300 g.) and amorphous P 
(36 g.) (Volhard, A. 242, 151). 

s-Di-bromo-succinic acid 
CO,H.OnDr.CHDr.C02TI. H. 2-Oi at 100*. 

Forinatioji. . " Dy lieating snccinicf acid 
(12 g.) with Dr (I I c.c.) and w.iter (12 c.c.) at 180° 
(Ivekulo, A. 117, 123; Sluppl. 1, 131 ; Bourgoin, 
Bl. [2J 10, 1481 2. From fiiniario acid and Br 

(K. ; Dacyor, jJ. 18, C70). 

Properties. — Opaque prism.s, sh sol. cold 
water, v. sol. alcohol and ether. 

Reactions. — 1. Sodium amalgam reduces it 
to succinic acid. — 2. Boiling water converts the 
sodium salt into hydro-sodic bromo-malate, the 
Da salt ftito hydro-bario bromo-malcato and 
barium racemate, the silver salt into inactive 
tartaric acid, and the acid itself into IlDr and 
hromo-maloic acid.— 3. Water at 140° gives iso- 
hromo-malei'c acid. — 1. NTP, gives bromo-amido- 
succinic acid. — 5. Reduction in acid solution 
gives fumaric acid (0.s.sipoff, Bl. [2] 34, 310), — 
6. Heating with thio-ure.a gives fumaric acid 
(N'encki a. Micber, J. pr. [2] 25, 79). 

Balts. — (Nil J.A". — Na.. A'' laq. — Ag..A". — 
CaA"2aq. 

Mono -methyl ether MoHA'': decomposes 
about 215°. — NaMGA"4a(i (Claus, B. 15, 1844). 

Mo no -ethyl ether FtTIA" [275°]. — 
KEtA" l[aq. NaEtA" 2aq.— AgEtA" lAaq (C.). 

Methyl ether Mo.^.V'. [62’]. Mono-sym- 
metrical cryst.'.I... Prepared by the action of 
bromine on methyl fumarate. 

Ethyl ether EtA". [58°]. (K. ; A.); [68*] 
(Lehrfcld, B. 14, 1820). lihombio crystals. 
Prepared by tho action of bromine na ethyl 
fumarate. On heating to 170° it decomposes 
into bromo-Ui ilcic ether and HDr (Anschiitz, 
71. 12, 228!. I Aniline converts it into 

C.JI,/NPhH),(C02Et). [145°] (Lopatino, 0. R. 
105, 2o0). 

Methyl-ethyl ether MeEtA" [63°] (C.). 

Chloride C,II.Br.^O^Cl2 [63°J. p’rom Br 
and succinyl chloride or fumaryl chloride 
(Perkin a. Duppa, C. J. 13, 102 ; K.). 

Amic acid COJI.aJLDr,,.CO.NH„. Un- 
stable crystals (C. ; M’ohael a. Wing, Am. 6, 
421). 

Anilide f?) 

NHPh.^ CHDr CHDr.CO.NHPh. From the 
anilide of fumaric acid and bromine (Anschuta 
a. Wirlz, .4. 239, 138; Am. 9, 240). White 
powder, does not melt h' 'ow 300°. 

P h enyl-i in IdeY 2h: (G.D.J '.O.^HBrj. [169*]. 
From the phe.n) I imidc of maleic acid (maleanil) 
in chloroform by adding Br (A. a. W.). 

Iso- (or alk) )di-broino-succinic acid 

>ClIBr-C(OH)a 

CO.,lI.CIl2.CBr.,.CO.« or < >0 

^CHBr -CO 

(c/. Ansebiitz, A. 239, 181). [160^]. 

Formation. — 1. P’rom maleic acid and Br 
(Kokul6, A. Suppl. 2, 89). — 2. Together with its 
isomerido, by heating bromo-raalcio anhydride 
with HBr, or succinic acid with water and Brat 
140° (P’ranchimont, B. 6, 199 ; Bourgoin, B. 6. 
624).— 3. P’rom (5)-bromo-pyromucio acid, Br. 
and water (Hill a. Sanger, A. 232, 63). 
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diBSolving its anhydride 
in water (Pictet, B. 1 j, 1670). 

Prcwci^ics.—Large crystals ; more soluble in 
water than its isomeride. At 180^ it gives o3 
HBr, bromo-fumario acid being formed. 

Reactions. — 1. Boiling water converts the 
acid and its Ba salt into bromo-maleic acid, but 
the^g salt into racemic ac^d. — 2. Moist Ag^O 
gives pyruvic acid (Beilstoin'^a. Wiegand, B. 
1499).— 3. Sodium avialijam produces succinic 
acid. 

The Di-methyl ether and the 

Di-ethyl-ether A^Etj are oily liquids, insol. 
water (Pictet, B, 13, 1670). 

Anhydride CjHgBya.CjjOa [32°]. Prepared 
by heating maleic anhydride with bromine at 
100° (Pictet, B. 13, 1669). Colourless tables. Has 
a great aftinity for water, with whifh it forms 
iso-dibromo-succinio acid. On heating to 100° it 
evolves HBr forming bromo-maleic anhydride. 

Tri'bromo-succinio acid 

C02H.CBr2.CHBr.C0,H. [137°]. From bromo- 
maleic or bromo-fumario acid and Br (Petri, A. 
196, 69). Deliquescent needles ; boiling water 
converts it into di-bromo-acrylio acid. 

BEOMO-SULPHI-BENZOIC ACID 
C„H,Br(S02H)(C0,n) [4: 2or8 :1J. [238°-215°l. 
From CflH3Br(S0,jCl)C02H by treatment with 
alcohol and zinc-dust (C. Bottinger, A. 191, 21). — 
BaA".— BaH,A"2 2aq.— CaH. 8aq. 

BROMO-SULPHI-BENZOIC ALDEHYDE 
C„H8Br(SO,H)CHO. [131°]. One of the pro- 
ducts got by reducing, by zinc-dust and alcohol, 
the mixture of chlorides got by acting on 
0,H,Br(S03Na)(C02Np) by l*C\y It is formed 
from C,jIIjBr(S02Cl)(C0Cl) present in the mix- 
ture. Sal t.— BaA'j 6aq. 

BBOMO-SULPHO-BEHZOIC ACID 
0eH3Br(S03H)(C02H) [2: 3 or 5 :1]. From the 
corresponding bromo-tolueno sul^honic acid by 
chromic mixture (Retsohy, A. 169, 45). — 
KHA'4aq.-BaA"2aq.-PbA'^aq. 

Bromo-sulpho-benzoio acid 
C8HjBr(S0aH)(C02H) [1;3:6]. From m-bromo- 
benzoic acid and SO3 (Hubner a. Upmann, Z. 
[2] 6, 295 ; Rooters van Lennen, Z. [2] 7, 67 ; 
BSttinger, B. 7, 1779). Delicate deliquescent 
needles. Potash-fusion converts it into s-di- 
oxy-benzoic acid. 

Salta.— NaHA". — Ag-A". — CaA" llaq.— 
BaA" 21aq.— BaHA"2aq,-CuA". 

Bromo-sulpho-benzoio ac^d 1 

08H3Br(S0<,H)rC0^) [4;2;1]. Fiom bromo- 
toluene o-sulplionio acid by chromic mixture 
(Weiss, A. 169, 26).— KHA".— CaA".— BaA" : 
V. Bol. water. ' 

Imide C^H3Br<(^^Q=*^NF. Bromo-hcnzoic 

iUlphinide. [217°]. From (4, 1, 2)- bromo- 
toluene sulphamide and KMnO^. Also from the 
acid K salt by successive treatment with PCI5 
and NHg (Remsen a. Bdyley, Am. 8, 229). Long 
needles (from water) ; v. sol. alcohol and hot 
water, y. si. sol. HClAq. Sublimes at 200°. Its 
taste is extremely sweet at first and then 
extremely bitter. — Ba(0,H3BrNS0s)2 7iaq. — 
Ca(C,HaBrNSOs)3 7Jaq. - AgO^HjBrNSOa. — 
OjH^fOyHjBrNSOa): [199°]; formed by succes- 
live treatment with PCI5 and alcohol. 

Bromo-sulpho-benioio acid 
0«H|Br(SO,H)(CO2H) [4;3;1], Formed by oxi- 


dation ol the o^esponding bromo -toluene 
sulpbonio acid (H&sselbarth, A* 169, 12).— 
EHA" aq.-BaA"iaq.— PbA" 2aq. 

Bromo-sulpho-benzoio acid 
C3H3Br(S03H)(C02H) [4: 2 or 3 ;1]. Probably 
identical with the preceding. From p-bromo- 
benzoio acif and fuming H2SO4 heated for 8 
hours at 13^^° (Bottinger, A. 191, 13). Matted 
needles, v. s J. water. 

Salt s.— flaHA" 2aq.— Ag2A"3aq.-BaA"8aq. 
— BaTLA"o 4^'q.— CuA" 3aq. PbA" 7aq. 

Chloride C3H3Br(S02Cl)C02H. [197°] (with 
decomposition). Needles (from ether). M. sol. 
cold ether, which separates it from anether 
chloride. 

Acid ether C,H3Br(S03Et){C02H). [84°]. 

From the chloride and alcohol. 

Amic acid CJl3Br(S02NH2)C02H. [230°]. 
— BaA 2 12aq. 

Amic acid C,H3Br(S03H)C0NTl2. [262°]. 
Amic ether C8H3Br(S03Et)(C0NIl2) [128°]. 
Bromo-di-sulpho-benzoio acid 
C„H2Br(S()3lI)2C02H. From p-bromo-toluene 
disulphonio acid and boiling fuming HNOj 
(Kornatzki, A. 221, 19G). — K.A!"&q.— 

Ba3A'"2l2aq. 

Chloride. [151°]. Trimetrio tables from 
ether). 

Amide, [above 260°], Small prisms in stars. 
BROMO - SUIPHO - PHENYL - PROPIONIC 
ACID C„H.,BrSO,, i.e. 

[4:3:1] C«Il3Br(S03n).CIl2.Cn2.C02H. Prepared 
by the action of fuming sulphuric acid on p- 
bromo -phenyl -propionic acid (Goring, 0. 0. 
1B77, 703, 808). Non-doliquescent rhombic 
j)latcs (contaimng 2]aq). a:6:c = l’3013:l:0*783L 
Salts. — NalIA"3aq. — BaA"2aq. — ■ 
H2BaA"2 8aq; tricUnic crystals: a:h:c==> 
0-4941 : 1 : 0*6046 ; a = 08° 36' ; = 98° 22' ; 

7 = 83° 38'. — CaA"3aq. — CaH2A"2 6aq: 
mono^dinio crystals ; a : 5 : c = 07062 : l": 0*9774 ; 
/8 = 86° 45'. 

DI-BROMO-SULPHO-PYROMUCIC ACID 

CBr = C-C02H 

I >0 , Di-hromo-snlpho-furfura'ue- 

CBr = C— SO3H 

carboxylic acid. Formed by sulphonation of 
di-bromo-pyromucio acid [192°] with fuming 
ILSO4. By the action of bromine upon its 
barium salt, di-bromo-maleio acid is formed. 
By zinc-dust and aqueous NH3 it is de- 
brominated, yielding sulpho • pyromucio acid. 
A"Ba 5aq ; easily soluble long hno needles (Hill 
a. Palmer, B. 18, 2096). 

BROMO-SULFHYDRO-BENZOIC ACID 
C,H3Br(SH)CO.H(?) [256°] (U.); [243°] (L.). 
From tho chloride of sulphonatcd w-bromo- 
benzoio acid by tin and HCl (Upmann, Z. 
1870, 295; Van.Lcnnen, ^..1871, 67). Needles, 
insol, water. Reduced by sodium-amalgam to 
C^H4(SH)C02H. xodine converts its Na salt 
into 5n acid [130°]. 

Salts .— Zn A'*.— PbA'2.— BaAV 
Bromo-sulphydro-benzoio acid 
0,H3Br(SH)C02H. [194°]. From tho ohlorido 
of (1, 3, 6) -bromo-sulpho-benzoio acid by tin 
and HCl (Frorichs, B. 7, 795). Laminw.— 
PbA'aSaq. 

BROMO-TEREPHTHALIO ACID 
C.H,Br(C03H), [2:1;4]. [306° oor.], 



DI-MtoMO-TmOPHENE-SDUPHONlO ACID. 


62 } 


eontiining aq (Fis.) or anhydrous (Fil.). Pre- 
pared by oxidation of bromo-toluio acid with 
S^nOi (Fisohli, B, 12, 619), by oxidation of 
bromo-o^ene (Fileti, 16, 286), or of p- 
phenyl-toluene [129°J (Carncllcy a. Thomson, 
C. J* 61, 88). It gives a sublimate anhydride) 
[246®]. 

Salts.— KjA": needles.— Ag^A aq. White 
insoluble flocculent pp. — A"Cu : lig t blue pp. 

Chloride 0„H3l3r(C0Cl)2. (6(^3° cor.). 

Amide C,H3Br(CONnj,. [27<b®] ; insolu- 
ble needles. 

Methyl ether CaH3Br(CO.OEt),. [42®] 
(Fi^ ; [52°] (Fil.). (above 300°). Needles. 

Li-bromo-terephthalic acid CaH.Jlr5j(C03lI)2 
[6;3:4:1]. Formed by oxidation of di-bromo-jj- 
toluio acid [195°] with KMn04 (Schultz, B. 18, 
1762) or of di-bromo-cymeno with dilute IINO3 
^laus a. Wimmol, 73. 13, 902). Lamime (from 
HOAc) ; does not melt below 320°. 

Salts. — A''Ca4aq: easily soluble micro- 
scopio needles. — A"13a2nq and A"Ba5aq; 
microscopic needles. 

Ethyl ether A"Et,. [121°]. (c. 335°). 

Pearly plates. 

o-Di-bromo-terophthalic acid. 

Hexa -hydride CJI,Br,(CO,H)3 [2:3:1:!]. 
Bi-o-hromo-hexa - hydro - benzene - di -p - car- 
boxylic acid. Formed by direct combination of 
tetra-hydro-terephthalic acid with Brin the cold. 
Granular crystals (containing a(i). Nearly insol. 
cold water, sparingly in hot. By Ag./J it is con- 
verted into an acid (probably 0,iHH(OH).(C().H) J 
which by treatment with bromine yields tetra- 
bromo-pyrocatechin (Baoyer, B. 19, 1808). 

DI - BROMO - TETRADECAN F, C, JI -nBr,. 
Tetradecylcne bromide. [0°J. Colourless liquid. 
Formed by addition of Br to tetradecylcne 
(Krafft, B. 17, 1372). 

O^Br^S 

HEXA-BROMO-DITHifiNYL | . *^255° 

C^Br^S 

unoor.]. Formed by heating an acetic acid 
solution of dithionyl with an excess of bromine 
(Nahnsen, B. 17, 2198). Small needles. V. sol. 
hot benzene, v. si. sol. cold benzene and hot 
alcohol. 

aHI-w-BROMO-DI-THlfiNYL-ETHANE 
CBr3.0II(C4lI;,S),. [102°]. Obtained by adding : 
HjSO^ to a mixture of thiophene and bromal i 
diss(dvcd in acetic acid. Small pyramids. V. j 
sol. ether, CS.j, and hot alcohol. With inatiu i 
and H2SO4 it gives a violct-rcd colour (Peter, Jk 
17, 1344). 

di.«-bromo-di-thi£nyl-ethylene 

CBr2:C(C4H,S)2. Formed by boiling tri-bromo- 
di thlfinyl -ethane with alcoholic KOII, or better 
KCN (Peter, 23. 17, 1311). Colourless oil. 
Volatile with steam. Gives a violet-red colour 
with isatin and H,S04. * 

BROMO-THIfiNYL METH¥L KETONE 
C4SH2Br.CO.CH5. Bromo-acetothiUnone. 

Formed' by the action of acetyl chloride upon 
mono- or di-bromo-thiophene in presence of 
AI2CI5. Stout colourless needles. Sol. hot 
alcohol, less in cold. Very volatile with steam. 
By alkaline KMn04 it is oxidised to bromo-thio- 
phene-carboxylio acid [140°]. 

Phenyl hydrazide 

C 4 SHir.C(N 2 HPh).CH 5 : [122°]; tables; si. 
^ f^oohol (Gattermaxm a* libmer, B, 19| 689). 


BROHO-THIO-CRESOL v, Bbouo-tolil mbb« 

OAPTAN. ^ 

DI.BR0M0.THI0HYDANT0lNC5H5ON.,SBr5. 

Formed by the action of bromine on a solution 
of thiohydantoin in a<iucoiis HCl (Mulder, B, 
8, 1263; Kramps, B. 13, 789). Colourless crys- 
tals. Insol. cold viator, sol. alcohol ailtt ether. 
Decomposed by he < water. • 

•BROMO - THIO - OXY - BENZOIC ACID v. 

BuOMO-SULPnYDRO-UF.NZOTO ACID. 

(a) . BROMO . THIOPHENE C.SII.Br. *i9»- 

Bromodhiophene. (150 ). S.G. l-()52. Col- 
ourless liquid. Formed by bromhiation of thio- 
phene (Moyer, 23. 1(5, 1472). Isolated from the 
crude di-bromo-thiophrno obtained by fractional 
bromination of benzene that contains thiophene. 
By EtBr and Na it is converted into ‘iS ’-ethyl- 
thiophene fSchleicher, 23. 18, 3015). 

Di-bromo-thiopheno C,SH.Br.. (211° cor.). 
S.G. 2-147. Colourless oil. Formed by 
dropping bromine into tliiophcno cooled with 
water. Prepared by fractional brojuination of 
benzeno that contains thiophene. With isatiii 
and 11.80, it gives a doep-blne colour (IMoyer, B, 
16, 1469; Meyer a. 8tadlcr, /h 18, J 188). 

Tri-bromo-thiopheiio 0,81 1 Bi-;,. [29°J. (260° 
cor.). Formed by fmiher bromination of di- 
bromothiopheiic. Long wliite glistening crystals. 
V. sol. hot alcohol and ether, si. sol. cold alcohol. 
Gives the indophenino reaction. By sulphona- 
tion and debromination it yields thiophono-(/8)- 
snl phonic acid (Bo.senborg, 23. 18, 1773). 

Tetra-broino-fhiophene CiSBr,. [112°]. (326° 
cor.). Long white needles. Formed by further 
bromination of di-bromo-thiophoiio (Moyer a. 
Kreis, 23. 16, 2172). 

BROMO-THIOPHENE-CARBOXYLIC ACID 

C,81-LBr(C0.JT). [1 10'°j. Formed by oxidation 
of bromo-tbieoyl methyl ketone with alkaline 
KMn04, Coloar^''SR giisteniiig needles (from 
water). Sublimes in i^oaily spikes. M. sol. hot 
water, '.early insol. cold water (Gatltninann a. 
Bomcr, 23. 19, 690). 

Di-bromo-thiophone- (a) -carboxylic acid 
C48riBr3.C(LH. Di - bromo - thlophenic acid. 
[222 ’]. Obtained by bromination of (a)-thio- 
phone-carboxylic acid [q.v.). Wiiite monoclinio 
needles. Sublimes on h ating. V. sol. alcohol 
and ether, fI. boI. hot water, insol. cold water. 
Sparingly -'olaGIo with steam. Isatinand ILSO* 
yield a tittv-'^reen ..olonration quickly becoming 
brown. A solution of the ammonium salt gives 
white pi)3. with AgNO,,, Pb(OAc).., KgNOa, and 
SnCl^; yellow pp. with Fe.Cl,,; and greenish- ' 
white pp. with CUSO4. 

Salts. — A'A;.; : wliite curdy pp. becoming 
crystalline. — A'K . easily soluble crystals. — 
A'.aBa3.^aq : white needles, v. boI. hot water, si. 
sol. cold. 

Chloride C4SIIB%.C0C1 : (250°-270°) ; 

rSilky needles. 

A midc C4SHB1VCONH, : [107°] ; fine white 
felted needles; v. sol. alcohol and ether, spar- 
ingly in hot water. 

Methyl ether C,SHBr.,.C02Me ; [80®]? 

white needles (Peter, 23. 18, 543 *, Bonz, B. 18, 
2308). 

DI-BROMO-THIOPHENE-SULPHONIO ACID 
C4HBr5S.SOaH. Formed by sulphonating di- 
bromo-thiophene. sodium-Amalgam it ia 



DI-BR0M0-THI0PHEN&SULPuor(lO i»n). 


feduced to thiophene -*j3*-Bulphonio aoid«— 
rbA'2 5 Jaq : small crystals, sol. hot water. 
Chloride C4HB?2S.80.,C1 : [33°]. 

Amide C.HBrjS.SOaNila ; [147°]; felted 
needles ; sparingly soluble in water (Langor, B, 
17, 1666 I 18, 653 ; Eosonberg, B. 18, 3030). 
Di-bromo-thiophene-di-sulphonio acid 

Obtained bx boiling the anhy- 
dride with alkalis. It verj^ readily splits off 
HjO with conversion into the anhydride. * 
Salts. — Na^. A" 3a(j : very soluble silky 
neodlc3.~(NTI,),A''a(i.— rbA":^platcs, sol. hot 
water.—^aA" aq : sparingly soluble white glis- 
tening sj^ikes. 

Anhydride : white glis- 

tening plates, V. Bol. alcohol aiid benzene, insol. 
water and ligroni. (Jbtained by iho action of 
fuming sulpliunc acid (4 vobs.) on di-bromo- 
thiophene jl vol.). 

Chloride G,SEr.,(SO,Cl). : [220°]; glisten- 
ing white needles ; sol. ether." 

A m i dc C^813r,(8( : [0. 270°] ; crystal- 
line powder; nenviy insol. water (Langor, B. 17, 
1560 ; 18, 554 ; Eosonberg, B. 18, 30.‘f()). 

Tri-bromo- thiophcne-sulphonic acid 
C^HHr.j(»SO;JT). Forined togetlier with the anliy- 
drido by^ sulpbonation of tri-bromo-thiopliono 
[20 '].— .BaA'oaq : sparingly soluble white warty 
crystals. 

AnUij d rl d e (C,SEr.,. 80^,0 : [116°] ; vola- 
tile with steam ; white solid; v. sol, alcohol and 
ether, v. si. sol. water. 

Chloride C^SJ}r.,(SO.,Cl) ; [126°]; needles. 
Amide C48Ery(80oNiT,.f: needles (from 
water) (Eosenhorg, B. 18, 1774, 3028). 

DI-BROMO-THIOPHENIC ACID k Di-nnoMo- 
TIIIOPirKNE-CARnoXYLIC ACIT). 

BROMO-THIO -PHENOL v. Buomo-hienyl 

MKRCAPTAN. t 

TETRA-BROMO-THIOPHTHSNE C.S.Br, i,c, 
XBr;Clir 

K I , 

= 0 . [172°]. Formed by brominatioii 

SC I 

\CBr:CBr 

of Ihiophthcno. Long white needles (from 
benzene). V. sol. hot benzene, si. sol. alcohol 
(Bicdermann a. Jacobsen, B. 10, 2447) 

BROMO-THIOTOLENE v. BnoMo-METnYL- 

^HIOPirENB. 

BBOMO-THIOXENE v.^ Biioaio-iv-methyl- 

THIOPIIENB. ♦ 

m-BEOMO-THYMOHYDROQUINONE 

. C«IIMerrBr(OII)., [1:4:5:3:G]. [53°]. Formed by 
the action of cone. IILr upon tbymoqninone at a 
low temperature. Color vh}.ss needles (Sebniter, B. 
20, 1318). Formed aiso bj: reduction of the 
corresponding quinono witli 80, (IMazzara a. 
Discalzo, O. 16, 105). Change-s s2wntaneously 
to a substance melting at 37° (M. a. I).). 

Bi. acetyl dcrivfctive CJIMerrBr(OAc).j.» 
[01°]. From thymoquinono and AcBr (Schulz, 

B. 15, 657). 

Di-bromo-thymo-hydroquinone 
Bi- a cetyl derivative CaMcPrBr.^(OAc)2. 
[122°], From di-acetyl bromo-thymo-hydro- 
quinono and Br (8.). 

BROMO-THYMOLS and their ethyl derivatives 
appear to have been obtained by Patemo a. 
Cp,nzoneri, G. 10, 233, ArmBtrong a. Thorpe, 


Memand, 

A. Ch. [3] 49, 148j 

BEOMO-THYMOI, SULPHONIO ACTD 

0,oH,jBrS04 i.e. OjHMePrBr(OH)(SO,H). From 
potassium thymol (o)-sulphonio acid and Br.— 
(Engelhardt a. LatschinofP, Z. 

1871, 261). r 

m-BROljP-THyilOQTJINONE O.HMePrBrO, 
[1:4:5;3:6]. IfS®] (M. a, U.) ; [i.'-.o] (S.). Formed 
by oxidatior .of the corresponding bromo-thymor 
hydroqiiinoi 9 with re^Clg. Glistening yellow 
plates (Schniter, B, 20, 1318). From bromo- 
amido-thymol and nitrous acid (Mazzara a 
Discalzo, Q. 16, 195). A crystalline bromo- 
thymoquinone was got by Corstanjen (/. pf. [2] 
3, 55) in brominating thymoquinone. Andre.scii 
(J. jpr. [2] 23, 184) obtained a liquid isomcride 
by brominating thymoquinone chloro-imide. 

Di-bromo-thymo-quinone C^Br^MePrOj. 
[74°]. The ethereal extract from the product 
of the action of HBr on thymo-quinonG-chloPO- 
imido {q, V.) is evaporated and the residue dis- 
tilled with steam (Andreson, J. pr. [2] 23, 181). 
From thymoquinone a*nd Br (C.). Lemon- 
yellow plates (by adding water to the alcoholic 
solution). 

o-BROMO-TOLUENE C,TT,Br Le. C,H,McBr 
[1:2]. (182°). S.G. 1-2031. 8.V. 141-05 

(Schifif, B. 10, 564). 

Formation.— 1. Together with p - bromo- 
toluene, by brominating cold toluene, in tho 
dark, in daylight, or with addition of iodino 
(Iliibner a. Wallach, Z. [2] 5, 22, 138, 499 ; A. 
154,203; Dmochowsky, B. 5, 333; Kekul^, il. 
137, 192 ; Beilstein, A. 143, 369 ; Cannizzaro, A, 
141, 198; Glinzrr a. Fittig, A. 133, 47; 136, 301 ; 
littig, A. li», 39 ; Eosenstiehl a. Nikiforoff, Z. 
[2] 6, 635 ; Iliibner a. Eetscliy, Z. [2] 7, 618 ; 
Lanth a. Grimaux, Bl. 1866, i, 317 ; 1867, i, 108; 
Kiirnev, O. 4 ; Iliibner a. dannascli, A. 170,* 117 • 
Louguinino, B. 4, 514 ; Eeyman, Bl. [2] 26, 633 • 
Sehwimm, B. 18, 607).— 2. From o-toluidine by 
Ibc diazo- reaction (Wroblewsky, A. 168, 171 • 
Jackson, Am. 1, 93).— 3. Together with naph* 
thalene, by the action of (a)-bromo-naphthalen6 
on toluone in presence of Al^Clj (Eoux, Bl, [2] 

Proj^er tics, —Oil, 

Iteactions.—l. Converted by dilute HNO, 
into o-bromo-benzoic acid (Zincke, B. 7, 1502),— 

2. Sodium has no action at 16°.— 3. Sodium 
and IMel form o-xylene.— 4. Tho copper-zinc 
couple has no action (Gladstone a. Tribe. C, J 
47, 448). 

m-Bromo-toluene Call.McBr [1:3]. (184°) 
S.G. -^-5 1-401 (W.). ^ ' 

Formation — 1. From C,H3McBr(NIl2) [1:3:4] 
by the diazo- reaction (Wroblewsky, Z. [2] 7 
609 ; A. 108, 156 ; Grete, A. 177, 231).-2! 
From tho samp bromo p-toiluidine by successive 
conversion into aH,(NO.JMeBr(NHA [6:1:3:4], 
C,II,(NO,)MGBr [1:1:3], C,H,(NH [ 6:1], and 
CJl^BrMo [6:1] (Wroblewsky, A. 192, 206). 

Properties.— Liquid, even at -20°. Oxidised 
by chromic mixture to ?M-bromo-benzoio acii 

^?-Bromo-toluene C^H^MoBr [1:4]. [28-6°]. 
(185° i. V.) (Hubner a. Post, A, 169, 6). S.O. 

V 1-411 (Kekul6, A. 137, 192). 

Formation. — Together with o-bromo-tolueno 
(q. i.) by brominating toluene. 

Properties,— Trimetrio crystals. 



^KUMU-IXJLUENE 

tteaeUoni,—’!* OrOg loms p-bromo-beUzoio 
acid.— a. Sodium even u 16® forms ditolyl 
(Zinoke, B. 4, 396; Louguinine, B, 4, 614). — 
8. Sodium and Mel gives p-xyleno.-^. The 
copper-zinc couple has no action (G. a. T.).— 
5. Taken internally, it is excreted as p-bromo- 
benzoic and jp-bromo-hippuric acAs (Preiisse, 1{. 
5, 63).— 6. CrO.Cl., forms aH,13rfcH(O.CrOCl).. 
(Etard, C/t, [5]'22,241). [ 

w>Bromo-toluene v. Bkszyl nnlMiDii:. 

Di-bromo-toluene C^H^MeBrj f[l:2:3]. [28°J. 
From OuIIa(CH3)(NIL)Bra [SG'^] 4)y displacing 
NHj by H (Nevile a. Wintlicr, C. J. 37, 131). 
Gives on oxidation with IlNOj di-bromo-bonzoic 
acW [146°-148®].^ On nitration it gives a luoiio- 
nitro- derivative [57°] which reduces to an 
amido- compound [53“]. 

Di-bromo-toluene C„H.,MeI3r2 [1:2:1]. From 
di-bromo-7n-toluidine [7.'>''’] by cfiminatiiig NH... 
Also from C«H3(CH3)(NIIJIjr [1:2:4] by diazo“- 
perbromide reaction. Oil. On nitration gives 
di-bromo-nitro-tolucno [80^^]. On oxidation with 
IINO3 gives di-bromo-benzoic acid [109'^]. 

Di-bromo-tolueno QJI,,Mel3r2 [1:2:5]. (23G”). 
S.G. 1*813. Formed by broininatiiig tolucrio 
(Wroblcwsky, Z. [2] G, 230). From acctyl-o- 
toluidino by brominating, saponifying, and dis- 
placing NH^ by i5r by tho diazo- reaction (N. a. 
W.). Also from acetyl- wi-toluidino in the same 
way. Thus CJl3(Cn,)(Nn.,)Br [1:2:5] and 
C«H.,(CTI,)i3r(NIJ,,) [1:2:5] give tho samo 
C«H;,(CH;,)I3r2. Oil. On nitration it gives a 
iiitro- compound [88®], which reduces to an 
amido- compound [85®]. Oxidised by diluto 
ITNO3, it gives di-bronio-benzoic acid [149®- 
153®] ; this distilled with lime gives a solid, 
[80®], probably p-di-bromo-benz‘.;ic. 

Di-bromo-toluene C^H.,Mellr2 [1:2:G]. (24G®). 
S.G. — 1*812. From di-bromo-?n-toluidino [35®] 
(Wr. ; N. a. W.) or from di-bromo-p-toluidine 
[88°] by diazo- reaction. Oil. On nitration it 
gives two nitro- compounds, [IGl®], and ['*. 80®]. 
On oxidation it gives di-bromo-benzoic acid 
[150®-1G7®]. 

Di-bromo-toluene C„n.,Mel!r2 [1:3:4]. (241°). 
S.G. 1*812. Formed in brominating toluene 
containing iodine in sunlight (.Tannascli, A. 17G, 
28G). Also from bromo-p-toluidine by the diazo- 
perbromido reaction (N. a. W. *, Wr.). Oil. Gives 
a nitro- derivative, [87°], reducing to an amido- 
derivative [98°]. By oxidation with CrOa it gives 
di-bromo-benzoic acid [233°]. 

Di-bromo-toluene CJI,MeBr., [1:3:5]. [39°]. 
(246°). From C«H2(CI£,)(NH„)B'r.. [73°] and Wts 
isomeride [46°] (N. a. W. ; Wr.). ‘With UNO, it 
gives two di-nitro- compounds, [158°] and [105°]. 
On oxidation with CrOj it gives di-bromo-benzoic 
acid [208°-210 ’]. 

Di-bromo-toluene CBn,,MeBr2. [108°]. The 
existence of this body, said to be formed in bro- 
minating toluene (Fittig, A. 14^, 39), is called in 
question by Nevile and Wint4er. ^ 

Other Di-bromo-toluenes are descriljpd as 
Benzyudene BiiOMiDE and BnoMO-UKNzyL Biio- 

MIDE. 

Tri-bromo-toluene C JI^MeBi. [1:2:3:4]. [44°]. 
From C6H(CH3)(NH2)Br„ [97°], by nitrous gas 
(Neyile a. Winther, C. J» 37, 447). On nitration 
it gives a nitro- compound [107°]. 

Tri-bromo-toluene C^jH^MeBrj [1:2:3:6]. [53°]. 
From di-bromo-o-toluidine [4G"] by diazo- ^ 
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[ perbromide reaction (N. a. W.). Long flat 
needles. 

Tri-bromo-toluene C.jft2MeBr3 [1:2:5:6]. [69°]. 
From [1:3:2:5:GJ C,H(Cll,){NH2)Br, [94°J by 
nitrous gas. On nitration it give’s a nitro- com- 
pound [91°]. 

Tri-bromo-toluene C,iUAreBr3 [1:2:^:6]. [66°]# 
(290°). From tr -bromo-?;i-tolui(Iine [1^1°] by 
nitrous gas (N. a. W. ; Wmblcwsky, A. 168, 
194). On nitration it gives a di-iiitro- compound 
[c. 220°]. 

Tri-bromo' .'olucno CJLMeBr,, [1:3:4:5]. [89°]. 
From di-bromo-;)-toluiiiinu by diazo-perbroniido 
reaction (N. a. W.). 

Tri-bromo-toluene C. ILi\[elh-., [1 :3:4:G].[112°]. 
From di-bromo-?a-toluitlinc, [75°] and from di- 
bromo-toluidine [85°] by dia/.o perbromide re- 
action {N#a. W.). 

Tri-bromo-toluene? [150°]. Formed by heat- 
ing potassium tri-bromo-plu'uol with KOAc 
(Pfaiikucli, /. 7u*. [2J 0, lOoL 

Tetra-bromo-toluciio OJIi\rpr>rj [1:2:3:4:G]. 
[105°-10vS°]. From tetra bromo-m-toluidiiie 
[224°] by alcohol and nitrons gas. Also from 
tri-bromo-;a-toluidine [lOU’l by diazo-perbro- 
mido reaction (Nevile a. Windier, O. J. 37, 
449). p’uming IINO3 forms the nilro- coumound 
[2IG°]. 

Tetra-bromo-tolueno CJlMellr, [l:3:4:5:Cj, 
[111°]. From tri-bromo-??/-tolnidiuo [9G°], by 
diazo-perhroniide react ion (N. a. W.). Its nitro- 
compound molts at 1 212°]. 

Tetra-bronio-toluciio CJlMePr, [1:2:3:5:C], 
[117°]. From tri-bronio-^/^loJuidinc [94°] by 
diazo-x)crlm.)mido reaction. Its nitro- derivative 
melts at [213 'J. 

Penta-bromo-toliiene C,;i\rel>i*.,. [285°]. From 
tc'tia-bromo-7atoluidiiirj liy dia/,o-i)oi brojnido 
reaction (No ile a. Wintlier, (J. J. 37, 450). 
From tolin lie Al.Jir,., and lir at 0° (Gustavsori, 
ni. [2] 28, 517 , i>, 10, 971). Long needles 
(I’rou!. benzeme). 

o BROMO-TOLUENE SULPHONIC ACID 

CJI^lhSOa i.c. Cjr,MeBr(80:,U) [1:2:.5?]. From 
o-bromo-tolueno by siilpbonation (Hiibner a. 
Post, A. 1G9, 31 ; cf. Uniocliowsky, 7A 6,333). 
Also from brominated (1, J, 3) />-toluidine sul- 
])lionic acid by diEpIacennnit of NIL by H 
(Pcclimann, A. 173, 212;. Jioiluccd by sodiuin- 
amalgam to toluene ?/f-sul})lionic acid. • 

Salts.-- K.V ‘.aq.— NaA Lui.— BaA'j 2a(i.—- 
BaA'2 :>.fav S. (of JiaA'.,) -m:) at 14°.— PbA' 2an. 
S. (of PbA'„) *52 at 18°. - PbA'., Ha.p 

Chloride C,jU;,Mel-h-(S(.),,Cl). [53°1. 

Amide C,jIl,MeB' (S'i.,>ML). [134°J. 

o-Bromo-tolueiie Ealphonic acid 
CJI;,Mellr(S03li) ! 1:2:5]. From o-toluidine by 
sulpiiomitiiig anu disjilacing Nil., by Br (Pagel, 
A. 17G, 294; Nevile a. Windier," B. 13,1943; 
cf. Gerver, A. 1C.I, 384). ] {educed by sodium- 
amalgam to toluene 7>i«»;ulphonic acid. 

Salts . — K A' aq. — CaA'2 aq.- Ba A'., iaq. S. 
l*2at25°(P.).— BaA',.2]aq.— BaA'./Jaq' S. 8*»' 
at 17*5° (G.).- PbA'..2aq“— Cu.V,.3aq. 

Chloride [53°]‘(P.); [5G°] (N. a. W.). 

Amide [c. 135°] (P.) ; [147°] (N. a. W.). 
This acid is probably identical with tlie preceding.- 

o-Bromo-toluene sulphonic acid 
CJI,MeBr(SO:,H) [1;2:4J. From o-toluidine ^ 
sulphonic acid by the diazo- reaction (HaydueV 



A,172, 206).— K4': noduloa o| minute needlea.— 
BaA'j, 2aq.— PbA'a 2 Jaq. 

Chloride OAXeBr(SO,Cl). [64°]. 

Amide OAMeH(SOaNHa). [161°J. 

BromO'tolnene sulpnonio acid 
OaHjMeBrSOaH [1:3:5]. Prom bromo-o-toluidino 
Bulphonio acid or from bromo-jj-toliiidino sul- 
phonio acid by dispbicomont of NHa by H. 
Potasli-ldsion gives orciii (N^vile a. Wiuther, jB. 
13, fdit ; 0. 41, 420). ' 

Chloride 0,HaMol3r.RO..Cl. [52% 

Amide OAMoUr.SO.NIL. [130‘^J. 

w-Bromo-toluene sulphonic acid 
0„n,Mel3r(S03ll). Pormed by saIi)honating m- 
bromo-toUieiic (Orcte, B. 7, 71)5; 8, 505; A, 
177, 233). - By A'o aq.~SrA', arp-CaA'., 2aq.— 
MgA'2 Gaq.— CuA'2 4aq.— rbA'a 3aq. According 

to Wroblewsky {A. 108, ICO ; Z. [2] 7, 0) tlirco 
bromo-toluene sulphonic acids arc formed by 
Bulphonating ;/i-bromo- toluene, tlKi Ba salts 
being BaA'y aq. S. *528, BaA'^ 3afj. S. 1*152, 
and BaA'2 2ja(p S. 5*218 at 11)^*; Greto, how- 
ever, could only obtain the acid just described. 

Bromo-toluene o-sulphonic acid 
C,H3MoBr(SO,H). Prom (1, 4, 2)-toluidine sul- 
piionic acid by bromination and elimination of 
Nil, (Weekwarth, A. 172, 190).— NaA' ,;.aq.- 
KA'aq. — BaAV-^iaq.—SrA'aSiaq* — PbA'23iaq. — 
CuA'2 Jaq. 

Chloride CJT;jj\reBr(S02Cl) : crystalline at 
-20'^. 

Amide CjrjMeBr{S02NH2) ; [0. 104°]; 

noodles. 

Bromo-toluene sulphonic acid 
OuH3MeBr(SO.JI). Prom toluene by sulphona- 
tion, nitration, reduction, aAd disi^iacomont of 
Nil. by Br (Weckwartli, A, 172, 193 ; Hayduck, 
A, ill, 57).-BaA'.,aq. 

Chloride. Oil, slowly solidifying. 

Amide. Docs not molt below 2.30°. 

p-Bromo-toluene n^-sulphonir acid 
C,iHj,MeBr(SO,TI) [1:4:3], [c. 14)8°]. Prom p- 
toluidino m-sulphonic acid exchange of NIT.^ 
for Br. Formed also in sulplionating u-bromo- 
tolueno (E. llichtcr, A. 230, 319; rost a. 
Ketschy, A. 109, 7 ; v. rcelimann, A. 173, 208; 
Nevile a. Wiuther, C. J. 37, 031). Laminte 
(containing aq). -- BaA^Vaq. — BrA'^Taq. — 
TbA'., 3aq. 

Chloride C,H,I\reBr(SO.,Cl). [01°]. 

Amide 0,iiphdh-(.S(),Nlh). [152°]. 

« p-Bromo-tolueue sulphonic acid 
CaH3MeBr(80.,ll) [1:4:2J. The chief product of 
the sulphonation of ^j-brom'o-tolin no (Hiibner, 
A. 109,0; Z. [2] 7,018). Formed also from 
//-toluiclino o-sulphonic acid by exchange of NII.^ 
for Br (Jonsseii, A*^ 172, 237). Koduced by 
aodium-amabpim to tolfccnc o-sulphonic acid. — 
NaA'saq.— CiiA',_,4aq.-“BjiA'.jaq. 8 . *53 at 8°. — 
SrA'jaq.-- I’b.V,, 3:iq. — CuA'.,7aq. 

Chloride 0,H,l\Iel3r(Sb,.Cl). [35°]. 

Amide C,H3McBr(S02NlJ[,,). [107°]. 

p-Bromo- toluene en -sulphonic acid ,, 

CuH^Br.CH^SOJI [1:4J. p-Bromo-bensijl sut 
phonic acid. Prom p-bromo-bcnzyl bromide 
and K^SOj (Jackson a. JIartshorn, Am. 6, 204). 
Also from C,iII^(NH2).CIl2S03H by diazo- reac- 
tion (Mohr, A, 221, 222).— KA'. S. 6*2 at 18°. 
-CaA'2.-BaA'2liaq.— BaA'.aq. S. (of BaA'^) 
67 at 18°.— PbAV 8. 2 at 18°. 

Chloride, [107°] (M.) ; [116°] (J. a. IL). 



C,H{NO..)Br..MoSO,ll, and C,H.,{N0.,)Me(S03H)2. 

Halts.- K.A" aq.— BaA" 5aq. -Pb.V' 2aq. 

Chloride. [99°]. Trinietrio plates (fiCisn 
ether). 

Amide C,Tl2McBr(SO.,NIl2),. [above 260°]. 

Bromo-toluene disulphonic acid 
C,iH^.Mel5r{80.jr),; [l:4:.3:.r]. Prepared from 
C,;fi.Me(NH2)(80.,H).. by diazo- reaction (Limp- 
richt, B. 18, 2179 ; Ih llichtcr, A. 230, 321).— 
BuA" 6aq. — K,A" aq. 

Chloride C.H.Ah'BrlHO.Cl).,. [129°-133°]. 

Amide C„HJIeBr(SO,NH,),. '[above 240°]. 

Di bron.o-toluene sulphonic acid 
C,Jf .MeBr3(S03H). Prom o-bromo-toluene m- 
sulphonic acid by nitration, and displacement 
of by Br (Schafer, A. 174, 305).— NaA' 2aq. — 

BaA'3 2^aq. 

Tri-bromo-toluene sulphonic acid 
C^HMeBr3(SO,,H). Prom o-toluidino p-sulphonio 
acid by bromination and exchange of Nil, for Br 
(Hayduck, A. 17 J, 351). — KA'. — BaA'g l^aq. 
The chloride is a syrup, the amide an amor- 
phous powder. 

BR0M0-(aJ-T0LUIC ACID v. Buomo- phenyl- 

ACETIC ACin. •• 


p-Bromo -o-toluic acid CJI.,MoBr(C03H) 
[1:4:2]. [118° uncor.J. Pino white needles. 

Formed by oxidation of bromo-o-cthyl-toluene 
with/lilute HNO, (M) at 200° (Claus a. Pieszeek, 
B. 10, 3088). 

Bromo-toluic acid CJIjMoBr.CO JI [l:3or4:2]. 
[167°]. From o-toluic acid and broinine in the 
cold (Jacobsen a. Wierss, B, 16, 1959 ; Racine, 

A. 239, 74). Needles ; volatile with steam. 
On oxidation it gives bromo-phtlialic acid [167°]. 

Salt. — BaA'3 5a(j. 

Methyl ether MoM. [40°]. 

Bromo-o- toluic acid CKlIjMeBrCOaH 
[l:lor5;2j. [176°]. Glistening needles. V. si. 
sol. hot water. Formed by oxidation of bromo-o- 
j#yloiie with dilute IINO3. - CaA'2 2aq (Jacobson, 

B. 17, 2375). This acid is perhaps identical 
with the following. 

Bromo-o-toluio acid CJI;,MeBr(C03H) [1:6:2], 
[187°]. Formed by saponiiication of the nitrile. 
Sublimes in needles. V. sol. alcohol, v. si. sol. 
water. By alkaline it is o-xidised to 

bnjino-phthalic* acid [168°] (Nourrisson, B, 20, 
1016). < 

^mide C,H3MeBr(CONJL) : [182°]; pearly 
plates (from alcohol) ; sublimes in needles. 

Nitrile C,H3MeBr(CN) [1:5:2], [70°]. 

Formed from bromo-o-toluidine by diazotisation 
and treatment with cuprous cyanide. Long 
needles. Easily volatile with steam. 

Bromo-m-toluio acid C[,Il3MeBr(COgH) 

[1:4:3]. [163°]. 
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JWjfwwWoH.— 1* From ‘ bromo*isooymeQei 
^^MePrBr [1:3:4] by treatment with dilute 
(Eelbe a. Ozamoms^i, A» 235, 296). — 
2, Together with the following acid, by bromina- 
ting fn-tolaio acid in the cold [Jacobson, J5. 
14, 2351). — 3. From bromo-nitro-toluene [45°] 
by treatment with KCN and alcohd at 220"^, and 
i^pomfication of the resulting niVile (Richter, 

Properties.— Slender needles; ,bl. sol. cold 
HOAc. Oxidation gives (4, 1, ’{)-bronio-iso- 
phthalic acid. 

Bromo-m-toluic acid CJLMeI3IC0..n [1:G;3]. 
[209® cor.]. - L j 

Formation. — 1. By oxidation of bronio-77t- 
ny^tne (Fittig, A. 147, 32 ; Jacobsen, B. 
14, 2352). — 2. Together with the preceding by 
brominating 7M-toluic acid(J.). — 3. By oxidising 
the corresponding bromo-77i-isocymono (Kclbe, 

B. 16, 41). — 4. From the corresponding amido- 
toluic acid by exchange of NH^ for Br (Ueiiiseii 
a. Kuhara, Am. 3, 431). 

Properties. — Crystalline pow’dcr, sol. hot 
alcohol, insol. water. -CaA' , 3aq.— BaA', daq. — 
AgA^ 

Ethyl ether EtA'. [c. ~5^]; {270’-276o). 
[2^Bromo-jp-toluic acidC,H,MoBr(CO,n) [1:2:4J. 

Formation. — 1. By the oxidation of bromo- 
cymene CJI.,MerrBr [1:4:2] (Landolph, B. 6, 
268), broino-p-xylene (Jaiinasch a. Dieckinann, 
A. 171, 83), bromo-j{3-ethyl-tolucnc (Ueinsen a. 
Morse, Am.l^ 138).— 2. By brominating p-toliiic 
acid in the cold (Briicknor, IS. 1), 407). 

Propc7'tic6'.~- Thin needles or lamina) (from 
water) ; m. sol. hot water. 

Sal ts .— BaA'olaq. -CaA'y3^.aq.— CaA'^ 3aq. 

Bromo-p-toluicacid CJLj.Me)’. dCO.dl) [l”:3:4J. 
[196®]. Forj)ied by oxidising bromo-j-j-cymeno 
CuHgMcPrBr [1:4:3] (Kelbe a. Koschnitzky, B. 
19, 1731). 

l)i-broino-77i-toluic acid CyTEMeBr.(COdl). 
[186®]. Formed by oxidising crude di-b-*onio- 
xylene with CrO, (Fittig, Alirens, a. Matthoides, 
A. 147, 36). Minute needles (from alcohol). — 
BaA'a 9aq.— AgA'. 

Di-bromo-p-toluio acid C^n.MeBr^.C().H 
[4:6:3:!]. [195®]. Needles (from alcohol). V. 'sl. 
Bol. hot water. Formed by oxidation of di- 
bromo-p-xylene C,iH.(CIl3).^Br. [1:4:3;6] in acetic 
acid solution with OrO,. By further oxidation 
with KMn04 it gives di-bromo-teroplithalic acid 

C, H^r3(C02H)2 [6:3:4:!]. 

Salt s.— CaA'2 4aq : S. 1 at 20°.— BaA'j 2aq. 

Ethyl ether A'Et: [40°]; (c. 310^); loMg 
needles (Schultz, B. 18, 1762). 

BBDMO-o-TOLUIDINE CJI,Me(NlI,)Br 
[1:2:3]. Formed by reducing bromo-nilro-tolu- 
ene, itself got by the diazo- reaction frombromo- 
nitro-toluidine [88®J. Oil. Gives with bromine- 
water di-bromo-o-toluiJino, C„TI;,(Cn,,)(NTI.JBr2, 
[47°]. Heated with cone. IlCfat 160® it forms 
the above di-bromo-toluidin# and a crystalline^ 
bromo-toluidine [65®] (Nevile a. Wiiithcr, C’. J. 
87, 630). 

Bromo-toluidine CHH.,Me(Nn2)Br [1:2:4]. 
[32®]. (0.255®). Formed by re hieing the corre- 
sponding bromo-nitro-toluene, [45®J (Hubner a. 
Wallach, A. 154, 298 ; Korner, Z. 1869, 636 ; 
Hubner a. Boos, B. 6, 799; Wroblowsky, A. 168, 
177; Heynemann* Z, [2] 6, 402 ; A. 158, 310 ; 


Kevile a. Winther, 0* J. 87, 442). Xiaminn.'-* 
B'HOl: six-sided trimetrio tables, S. *827 ai 
B'ASO.. 

Bromo-o-toluidlne OAMe(Nn2)Br [1:2:5). 
[68®]. Formed by brominating aoetyl-o-tolu- 
idine (Wroblewsky, A. 168, 162 ; Z. [2] 7, 136). 
Also from bromo-nitro-toluene [66°] by tin and 
HCl (Grcte, B. 8, 565 ; A. 177, 249). Rhombo- 
hedra (from alcohcl). Its constitution^ known 
because it gives tlie .same di-bromo-toluene^q. v.) 
aff bromo-m-toluidinc. By displacement of NH, 
by II it yields 7?7.bromo-toluene. — B^jII.-SO^.— 
B'.,n.,S04liaq.— B'HCl. — BllNO^: [183®]; S. 
4-92 at 17®. 

Acetyl derivative CulI3Me(^HAc)Br. 
[157-]. 

Bromo-toluidine C,H,,Mo(M H,.)Br [1:3:4]. 
[32®] (N. a. W.); [67®] (Wr.) ; [75®J (H. a. R,). 
By reducing tlie cone.sprjnding bromo -nitro- 
toliiono (^.%.) (Nevile a. Winther, G. J. 37, 442 ; 
Wroblewsky, A. 168, 177 ; Hubner a. Roos, B. 
6, 800). 

Acetyl derivative C„ll3Me(NHAc)Br. 
[114®] (N. a. W.). 

Bromo - toluidine CJI;,lMo(NlI.,)Br [1:8:6]. 
[36®]. (c. 258®). 8.G. 1T442. Formed by 

r(<lncing bromo-nitro-toluene, [81°]. Crystal- 
lises with diOicuIty (N. a. W. ; Wroblowsky, A, 
192, 203). Reduced by sodium-amalgam to m* 
toluidine.— B'lICl.—B'UNOg. S. 2-6 at 13°. — 
B'.,II,S04. 

Acetyl derivative C^I£3Me(NnAo)Br. 
[168®]. 

Bromo.77t-toluidine CJI.,Me(NII.JBr [1:3:6] 
[78®J. (240°). Formed by brominating acetyl- 
7/i-toluidine and toiling the product with alco- 
holic potash (N. a. W.). Formed also by re- 
ducing (l,2,5).C«H3(CII,)Br(N02). It gives the 
same di-bromo-tohiene (g. v.) as bromo-o-tolu- 
idino. — B'HN O3 : prisms. 

Bromo-tolu dine C,iII;,Mc(NIl4)Br. From 0- 
brorao-toluerie by nitration and reduction (Hub- 
ner a. Roos, .Zi. 6, 801). Oil.— *B'HC1: S. 3-1 
atl6 '^ ’'iniNOg: 1-25 at 19®. Perhapsiden- 
tical with the preceding. 

Bromo-p-toluidine C^H,Me{NHo)Br [1:4:3]. 
[26®] (Claus a. Steinberg, B. 16, 914). (240°). 
S.G.-2 1*50. From acetyl-p-tolu idino by bromi- 
nation and saponification (Wroblowsky, A. 168, 
153). Elimination of NH2 gives 771-bromo- 
tolueno.-BTlNOa : [182®]; S. '2-533 at 19°.-« 
BTlBO,r)q.-im,C204. 

Ac< iyl derivative CJl3Mo(NHAc)Br. 
[117-5®]. 

Bromo-^J-toluidine C,iH3Me(NH2)Br [1:4:2]. 
[26®J. Formed by rcdn_ing the corresponding 
bromo-nitro-toluene (Nevile a. Wintlier, 0, J, 
39,85).— B'nBr —B'IlCl (Wallach, A. 235,255). 

Di-bromo-o-tol uidine C„H.,(CHs) (NB[2)Br. 
[l;2or6:3:5]. [4f ’] (N. a. W.); [50®] (Wroblewsky, 
A. 168, 187 ; Z. [2j 7, 210). From o-toiuidine 
and bromine (Nevile a^Winther, C. J. 37, 436), 
‘Forms unstable compounds with strong acids. 

Di - bromo - toluidine C,iH2{CH3)(NH2)Br- 
[l:a::3:4]. [98®] (N. a. W.) ; [85®J (Wr.). By re- 
ducing the corresponding nitro- compound 
(Nevile a. Winther, G. J. 37, 439 ; Wroblewsky, 
A. 163, 181;. Does not combine with acids. 

Di - bromo - jn . toluidine C.H2Me(NH2)Br, 
[1:5:3:4]. [59°]. Formed by reducing the oorre- 
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sponding di’bromO'nitro-toluene (Nevile a. Win* 
fchor, 0. J, 37,447). 

Acetyl derivative CeH2(CH3)(NHAc)Brj. 
[163°]. 

Di - bromo - m - toluidine C,.H.Me(NH2)Br3 
[1:3;2:5]. [73°]. From the corresponding di- 
bromo-nitro-tolucne [70°] by reduction. V. sol. 
alcohoX(Nevile n. Wintlicr,/y\ J, 37, 418). 

Acetyl derivative Cjl£..(CH3)(NllAc)Br... 
[145°]. 

Di - bromo -?n - toluidine CJ£.,]\re(NH.,)Br„ 
ri:3:4:6]. [75°]. F formation.-— 1, Acetyl-«i-tolu- | 
idine is brominated. Tlio product is boiled 
with a>»3oholio KOII and iben distilled with 
dilute acid. This retains bromo-toluidine. By 
fractionally distilling the rest with steam, two 
di-bromo-?rt-toluidiric3 [75°j and [35°], and one 
tri - bromo - toluidine [101°] may bo isolated 
(Nevile a. Windier, C. J. 37, 410).-* 2. By bro- 
ininating the acetyl derivative of bromo-tolu- 
idine [32°],arid removing acetyl by lieatingwith 
H2S04 (2 vols.) and water (I vol.). 

‘ Acetyl derivative CJl2(CIl3)(NHAe)l>r... 
[1G8°]. 

Di . bromo - m - toluidine CJ LMo(NlL) Ur.j 
[1:3;2:G]. [35°]. Prepared as above. 

Di - bromo - m - toluidine C^ll2Me(NH2)Br2 
[1:3:5:6]. [80°]. Prepared by reducing di-bromo- 
nitro-toluene [105°] (Nevile a. Winthcr, C. J. 37, 
434). Formed also by lieating the acetyl deriva- 
tive with equal volumes of II..SO4 and water. — 
B'HCl. 

Acetyl derivative CuH.(ClI.,)(NITAc)Br2. 
[205°]. Formed by acetylation of the base; 
also from Br and bromo-acebyl-toluidino [108°]. 

Di - bromo -p - toluidine C„II.,Me(Ni],.)Br., 
[1:4:3:5]. [73°] (N. a. W.) ; [70°] (Wroblowsky)' 
From p-toluidine and bromine (Wroblcwsky, 
168, 188; Nevile a. Winthcr, 0. J. 37, 130). 
From p-toluidino 9?i-sulphoniot acid and Br 
(Pcchmann, A. 173, 216). Coi\vertcd by N^Og 
into di-bromo-toluene [39°]. ^ 

Di - bromo - p - toluidine C„IT2Me(NTT,;)Br2 
[1:4:2:5]. [85°]. Formed by reducing Ihe cor- 
responding iiitro- compound [87°] (Nevile a. 
Wintlier, C. J. 37, 415 ; Wroblowsky, A. 108, 
185). yields tri-broino-toliieiio [111°]. 

Di-bromo-p- toluidine C,jH2Mo(NH2)Br2 
[1:4:2:6]. [88°]. Formed by reduction of the 
corresponding nitro- compound [57°J . 

Di-bromo-toluidine C,H,Me(NH.,)Br2 
(l:4or6:2;3]. [53°]. From tho corrcspoJiding 
di-bromo-nitro-toluene [57°] ^N.a. JV.).* 

Tri - bromo - 0 - toluidine C,jHMe(NII..)Br.,. 
[100°]. Described by Gerver (.1. 169, 379) as 
formed by brominalipg o-toluidine. Nevile a. 
Winther (C. J. 37, 438)^say that no such body 
is so formed. 0 

Tri - bromo - ni - toluidine C,lIMe(NH2)Br3 
[1:3:2:6:6]. [94°]. From tho acetyl derivative by 
boiling with alcoholic potash. 

Acetyl derivative C, 11(011.,) (NIT Ac)Br3. 
[181°]. From C„ll2(CH2)(NHAc)Br2 [1:3:2:5] 
[144°] and Br (Nevile a. Winthcr, C. J. 37, 
448h 

- bromo - m - toluidine C^HMe(Nn2)Br3 
[1:5:2:3:4]. [90°]. From its acetyl derivative by 
alcoholic KOII (N. a. W.). 

Acetyl derivative CflH(CHg)(NnAc)Br3 
[1:6;3:4:2]. [173°]. Formed by brominating 
CJl^(CHg)(NHAc)Br^ 


• Tri - bromo • m - toluldino OjHMelNHglBr, 
[l;5;2;4:6].C101°](Jir.a.W.); [97°] (Wr.). Formed 
by brominating di-bromo-w-toluidine (Nevile a. 
Winther, C. J. 37, 448 ; Wroblewsky, A. 168, 196). 

Tri - bromo -p - toluidine C„HMe(Ntt,)Brg 
[1:4:2:3;6J. W3°]. From the hydro-chloride of 
C„Hg(CIIg)iy;'(NIL) [1:2:4] and bromine-water 
(N. a. W.). t Needles (from alcohol). 

Tri - broltto - p - toluidine C,JIMc(NIl2)BJ^i 
[1:1:5:0:2]. j[llB°]. Formed by reducing the 
corresponding nitro- compound [100°] by iron 
and acetic alid (Nevile a. Winthcr, G. J. 39, 85), 

Tri-bromo-toluidino C,HMc(NH.,)Brg. [113°], 
From p-toluidino ?a-sulphonio acid and Br 
(Pechmann, A. 173, 217). , 

Tri-bromo -toluidine C,llMc(NH.j)Brg. [82°], 
From o-bromo-toluene 7^i-sulphnnic acid by 
nitration, reduction and bromination (Schafer, 
A, 174, 302; B. 7, 1355). 

Tri-bromo-toluidino C,HMe(NIl2)Brg. [72°]. 
From p-bromo-toluene o-sulj)honio acid by 
similar treatment (S.). 

Tetra-bromo-;a-toliudine C,;Me(NIIj)Br4 
[1:3:2:4;5:G]. [224°]. Fj-om bromo-»/i-toluidiue, 
[37°J, aqueous HCl, and bromine (Nevile a. Win- 
thcr, C. iT, 37, 449). White needles (from alco- 
hol). 

Tetra-bromo-p-toluidine OfiMe{NII,)Br4 
[1:4:2:3:5:0]. [227°J. From C,Il2Me(NH')Br3 
[1:4:2:C] dissolved in dilute JIOl and treated 
with bromine-water (Nevile a. Winther, 0. J. 
39, 85). Also from p-nitro-toluoiu?, FeBr„, and 
Br at 90° (Schoufch.m, A. 231, 179). 

BROMO-TOLUIDINE SULPHONIC ACID v. 

BbOMO-AMIT) 0-TOLU1-^NE BULPIRWie ACIT). 

DI . BROMO - TOLUQUINONE C„lIMeBr202 
[85°]. Fonmj'l together with ilio tri-broino-deri- 
vativo by tho action of bromine on tolu-quinone, 
and separated from it by crystallisation from 
dilute acetic acid in which it is tho more solu- 
ble. Yellow necflles ; m. sol. water and alcohol 
(Canronori a. G. Spica, G. 12, 472). 

Tri - bromo - t^luquinono C„MoBr30., 
[1:3:1:0:2:51. [235°]. 

Formation. — 1. I'h'om toluqninone and Br. — 

2. From tri-bromo-hydrotoluquinone and FCoClg. 

3, In small quantities, by heating cresol with 
11.804, MiiO., and KHr (C. a. S.). 

Broperties . — Palo yellow laminnR ; insol. 
water, si. sol. alcohol. Aniline forms black 
crystalline C,McBr(NPhH),,0... Aqueous KOII 
forms C„McBr2(011)02 [1U7°] (Spica a. Magna- 
niini, G, 13, 312). 

.. BROMO - op - DITOLYL 
[4:3or2;l] C„K,]\leJJr.C,4r,Mo [1:2], [95° cor.]. 
From di-tolyl and Br K.-arnclley a. Thomson, 
G. J. 47, 690). Purilied by crystallisation from 
alcohol, from which an oily isomeride first sepa- 
rates. Oxidation gives broino-tercphthalic acid 
[309° cor.]. 

Bromo-op-ditblyl [4:1] CJIiMo-CylliMcBr 
[1:2; 3orOJ. Oil prepared as above. Oxida- 
I tion jc;Ivc3 bromo-dipheriic acid [208°] and c- 
bromo-phthalio acid [197°]. 

Di-bromo-ditolyl C, ,II,,13r,, [152°]. From Br 
and ditolyl in CS. (CarneUey a. Thomson, G. J, 
47, 691). Long hair-like noodles; less soluble 
in alcoliol than the preceding compound. CrO, 
in HOAc gives Ci jH^Br.Oa [100°] and C^IIgBraOi 
(?) (198°], neither of which compounds dissolves 
m KOHAq. 



BROMO-UMBEWJFERON. 


BBOHO - TOtYL - AMIDO - CHLOKO - KAte- 
THOQUINONE v, Chloho-N/^hthoquinone-beo- 

MO-TOLUIDB. 

DI . BROMO - o - TOIYL - AMIDO - PROPIO- 
NITRILE C„H,MeBr,.CHMe.CN. [105“]. From 
o-tolyl-amido-propionitrilo and Br (Stephan, 
0. 0. 188G, 470). I 

Di-bromo-p-tolyl-amido-propionjrilo 
CaH2MeBr0.CHMe.CN. [117“]. (S.). 

TETRA-BROMO-DI-TOLYL-AMINE 
(OaH2MeBr2)2NH. [102“]. From Br and di- 
tolyl-nitrosamine in alcohol (Lelmljl?. 13, 1511). 
Small needles. 

BROMO-p-TOLYL-BENZENE C,JI„Br i.e. 
[4!ij43aII^Br.CaH,Me [1:4J. Bromo-phoiijl-tolit- 
ejte, [c. 30“J. A product of the brominatiou of 
p - tolyl - benzene. Oxidation gives bromo- 
diphenyl-carboxylio acid [101“] and p-broino- 
bonzoio acid (Carnclley a. Thomson, 0. J. 61, 
88 ). 

Bromo-p-tolyl-bonzene C, TT..C,.H.,]\rt;Br 
[l:2or3;4]. [120“J. From tolyl-benzone in CS,, 
by Br (Carnelley a. TliCinso’i, G. J. 17, 580; 51, 
87). Pearly plates, si sol. hot alcoliol, v. e. 
sol. benzene. Oxidises to bromo-tcrophthalic 
acid [300° cor.]. 

Di-bromo-p-tolyl-benzene 
[4:1] C^HjBr.CJl.BrMo [l:2or3:l]. [115°]. From 
p-tolyl-benzcno in CSj and Br {Carnelley a. 
Thomson, G. J. 51, SO). Oxidation gives di- 
bromo-diphonyl-cai ljoxylio acid [201°] and p- 
bromo-bonzoio acid. 

Di-bromo-tolyl-benzene 
[4:1] C^H^Br.G,n,,l hMe [1 : 3or2 : 4]. [150 

Formed, together with the isomeridc [115°] in 
brominating p-tolyl-bonzene. Oxidation gives 
di-bromo-diphcnyl-carboxylic aci !t[232°j and 
bromo'benzoic acid. 

BROMO-TOLYLENE-?n-DIAMINE 
OA(CH,)(NlI.)2(Br) [l:2:4:.r:J. [101°]. Colour- 
less plates. Sol. alcoliol, other, and CS.^. Pre- 
pared by brominatiou of thedi-bcnzoyl-dori\ itivo 
of (l:2:4)-tolylenc-diainine and subsequent sapo- 
niheation. 

Di-hemoyl-dcrivative [211°]. WJiile 
needles (Ruhemann, B. 14, 2058), 

Bromo-tolylene diamine C,iH,(Cri,)(NII ,) Ur. 
[107°]. Formed by reducing bromo-di-nilro- 
toluene [101°] (Grcte, A. 177, 202).— Ii"2irci. - 
B"2HN03.— B" JI,.SO,. -B" 11 IhO,. Tliis body 
is perhaps identical with the preceding. 

Bromo-tolylene-o-diamine 
CeH2(CH3)(NH,,)..Br [1:2;3:1J. [59°]. Obtained 
by nitration and reduction of p-brt)mo-a-tolui(k 
ine (Hiibncr a. kSchupphau.s, B. 17, 775). kSmall 
colourless needles. V. sol. water, alcohol, and 
benzene. 

Salts. — B'HCl: very solublo colourless 
needles. — B'.^H.SO^ : colourless tables. 

Anhydro-forn^yl derivative v. Murii- 

BNYL-BROMO-TOLYLENr-O-DIAMlXE.* 

BROMO-TOLYL-ETHANE «i;. Bromo-etuyd- 

TOLUENE. 

a-BROMO-a.77t-TOLYL.ETHYLENE 
0,H,.0Br:CIl2. Formed by boiling w-tolyl di- 
bromo-etbane C,II,.CHBr.CILBr . ith alcoholic 
EOH. Very unstable body : begins to blacken 
even at 100° (Muller, B, 20, 1210). 

w-Bromo-a-w-tolyl ethylene C.Hj.CHiCIlBr. 
m-Methyl-hronw-styrc)ic. (212°). Oil. Formed 

adding bromine to a warm solution of sodium 


f»-tolyl-aorylate (mothyl-oinnamate) (Muller, 

20, 1216). 

BROMO.TOIYIMERcJPTANO3H3MGBr.SH. 

[0. 7°J. (c. 215°). From p-bromo-toluone sulpho- 
chloridc, tin, and HCl (lliibner a. Wallach, !S» 
[2] 5, 500). 

Bromo-tolyl mercaptan CJI.MoBr.St^. (210°). 
From o-bromo-tolhvne ^R-sulphocliloride 
by,Zn and II.SOj (fliihiit r, A. !(>!>, 11). Oil. 

DI-BRO m'O-DI-'^’OLYL-M ETHANE C,,HnBr.3. 
[115°]. From tin hydrocarbon and Br (Weiler, 
B, 7, 1181). 

BROMO-p-TOLYL-p-METHYL-IMESaTIN V. 

p-MKTIIYL-lSATr\-niJOMO-p-T.U,Uim]. 

TETRA-BR0M0-p-T 0LYL-(/3)-NAPHTHYL- 
AMINE C, .1 f,, Br,N. [109°J. Formed by bromina- 
tion of p-t(.)Hd-(i3)-naplithyl-aiiiiiu) (hricdliinder, 
jB. 10, 2081^ White silky needh's. Sol. alcohol 
and ether. 

BROMO -DI- a -TOLYL- PROPIONIC ACID' 

CJI,MeBr.C(C,H,I^re)Me.CO,H. [111°]. Colour- 
less crystals. Sol. alcohol, ether, Ac. Formed 
by brominatiou of di-n-tolyl-propionic acid 
(ilaiss, B. 15, 1 178). 

«i8-DI-BR0M0-;/i-T0LYL-PR0PI0NIC ACID 

C„.H,„Br202 le. [3:1] C,H,Me.CHBr.CHBr.CO.,H. 
[107°]. From ?/i-jm“thyl-cinnamio acid and Br 
(Midler, 7>*. 20, 1215). 

DI - BROMO - DI - TOLYL - DI - SULPHIDE 

(C„H.,MeBr).,S2. [78°]. Frojii o-bromo-tolyl 
mercaptan and dilute IINO3 (Hubner a. I'ost, A, 
109, 42). 

BROMO-UMEELLIFERON 

^ /CH:CBr 

Methyl ether [4 2] CJT,(OMc)<[^^ . 

[151°]. Formed by the action of bromine upon 
a solution of iimbellifcrou-mcihyl ether m CS2. 
Ijong white jc^dles; in. sol. hot alcohol and 
ether, sl.sohco! I alcohol and (dher, insol. water; 
its dilute aleoliollo solution luis a green fluor- 
escence. By alcoholic KOH it is eouverted into 
me thoxy -CO u in a r i I ic acid 
XH:C.C02lI. 

CJl3(0Me)<; / 

\0 

/CTPCBr 

Ethyl ether CJl3(OEt)<; | : [11C°] 

. CO 

silvery 1 aides ; sol. boiling alcoliol and ether, si.* 
sol. coU- ^icuiiol ; its dilute alcoholic solution 
lias a violot lUmrescenec. Analogous to the 
incthyl-cthcr in its formati-m and proxierties 
(Will a. Bcclk, B. 19, 1782}. 

Di-bromo-umbpllifc„ on 
/Cl[;CBr 

C„lLBr(OII)< (?). 

\o--co 

.CH:CBr 

Methyl ether C3lLBr(OMe)<^ ( : 

• ' \o-co 

[251°]; formed by brominatiou of umbelliferon- 
metliyl-ether dissolved in acetio acid ; white 
glistening needles ; si. sol. alcohol. 

XH:CBr 

Ethyl ether CJl2Br(OEt)r | : 

\o-co 

[210°] ; formed by brominatiou of umbelliferon- 
ethyl-ether in acetio acid (Will a. Beck, B# 
19, 1780). 





M-luomo-iimbelUferon O^tBrtO,. [194^]. 
From ttmbellileron and bromine' water (Posen, 
B. 14, 2746; Mosher, A, 119, 261). The 
nlcobolio solution sBows greenish-yellow fluor- 
esoenoe. 

BEOMO'irVITIC ACID C,ILBr(CH3)(CO,H)2 
[aj:l:3;6J. Prepared by oxidising bromo-6>,«2-<li- 
oxy-mMitylene with KMn04 (Colson, A, Ch. [6] 
6, 102/t White crystals, fcarbonisos at 285"^ 
without melting. Sol. alcohol. — Na.,A": tables. 

o-BBOMO-n-VALEKIC \CID OXBrO^ 'i.c. 
CaHj.CHBr.COaH. Formed - by bromination of 
valeric acid (propyl-acetic airdLl (Juslin, B, 17, 
2504). , 

Ethyl ether A'Et: (lOr); S.G. « 
1*22G; colourtess lUiid! 

7-Broino-n-valeric acid 

CH,.CHBr.CIL.CH2.00JI. From allyl-acetio 
acid and cone. TIBrAq at (Messeuchmidt, A. 
208, 94). Boiling water or cold Na.COjAq con- 
vert it into the lactone of 7-oxy-valeric acid 

a-Bromo -isovaleric acid 

(CHa),,CH.ClIBr.CO,.H (chiefly). [40°]. (230°). 
From ordinary valeric acid and Br (Cahoiirs, A. 
Supph 2, 74; Borodine, A, 119, 121; Fittig a. 
Clark, A. 139, 199 ; Ley a. PopolT, A. 174, 63; 
Schmidt, A. 193, 101). Formed also by the 
action of water on its bromide which is formed 
by treating isovaleric acid with Br and P (Vol- 
hard,yl.212, 163). Oil. 

Ethyl ether EtA'. (186°). Is best puri- 
fied by distillation with steam, the liquid is 
collected as soon as the oily drops sink under 
water (Lov6n, J. pr. [2J 33, ^2). 

Bromo-valeric acid CMeEtBr.COaH or, possi- 
bly, CHs.CIIBr.CHMo.COall Bromo - methyl - 
ethyl-acetic acid. Bromo-hydro-tiijlic acid. [60°]. 
From tiglic and angelic aci<ls witli cone. IIBrAq 
at 0° (Fittig a. Pagenstcchcr, /< . 195, 108, 128 ; 
cf. p. 207). Monoclinio tabitjs (from CB^) ; insol. 
cold water. Boiling water fibrins tiglic acid and 
some pseudo-butylene (s-di- methyl -ethylene). 
NaaCOaAq produces chiefly pseudo - l-utylene. 
Sodium - amalgam forms methyl - ethyl - acetic 
acid. 

Bromo - valeric acid C^HaBrOj i.e. 
CMeEtBr.CO.H ? From methyl - ethyl - acetic 
acid and Br at 100° (Booking, A. 204, 23). 
Liquid. Should bo identical with the preceding. 

Ethyl cf/icr EtA'. (185°). S.G. 1*2275. 
* Decomposed by boiling NaXO^Aq into a-mcthyl- 
a-oxy -butyric ether CMcEt(OH).Cpj,H, 
75.Di-bromo-w-valeric acid 
CH2Br.CHBr.CH2.CH2.CO2H. [58°]. From 
allyl-acetic acid and,Br in CS. (Messcrschmidt, 
A. 208, 100). Thin Hmina)” Converted by 
sodium-amalgam into allyl-acetic acid. Boiling 
water forms the lactone of bromo-oxy-valerio 
acid, and finally CaH^Oa. 

Bi-bromo-valerio acid OMe2Br.CHBr.CO2H. 
[106°]. Solidifies at 79?. From CMe2:CH.C02ll 
and bromine (Ustinoff, J. pr. [2] 34, 483). * 

Di-bromo-valeric acid 

CH,.CHBr.CBrMe.C02n. [86°]. From tiglic 
acid and Br (Schmidt a. Bcrendcs, A. 191, 119); 
also from angelic acid and Br (JalI6, A, 135, 
293; Pagenstecher, A, 195, 123). Triclinic 
crystals (from CSg) ; insol. cold water. Con- 
verted by distillation or by sodiimi- amalgam 


inV> acid (Demarqay, B. 8, $30). Boiling 
water decomposes its salts forming bromo-boti- 
nene (87°).— KA' :#insoL oono. EOHAq. 

Ethyl ether EtA'. (185°). (J.). 
Dl-BROMO-VALEBIO ALBEOTDS OaH^Br^O 
i.e. CH3.CHBr.CBrMo.OHO. From tiglic alde- 
hyde and B/(Lieben a. Zeisel, M, 7, 66). 

BBOMOIfALEBO-LACTONE v.. Bromo-oxt- 

VALERIC ACin. 

BROMO -VALEBYLENE OaH^Br. (126°- 
130°). From valeryleno dibromide and alco- 
holic KOH (Reboul, A. 136, 372). Forms a yel- 
low pp. of CallaCu with ammoniacal cuprous 
chloride. 

BROMO-VANILLIC ACIB v. Methyl depiva^ 
live of Bromo-di.oxy-bbnzoio*'.cid. ^ ' 

BROMO-VERATRIC ACIB v. Methyl derivor 
live of Bromo-di-oxy-benzotc acid. 

BROMO -VINYL ACETATE O^HaBrOa i.e, 
CHBr:CH.OAc. From acetylene di-bromide and 
KOAc at 160° for 2 days (Sabanejeff, A. 216, 
272). Crystals. Explode when quickly heated. 
Forms with bromine a compound 04H4Br20j, 
which solidifies at 0°. 

« - BROMO-p - VINYL - PHENOL. Methyl 
ether C,H4fOMc).CH:CnBr. [55°]. From the 
di-methyl-etner of a8-di-bronio-p-oxy-phenyl- 
propionio acid Cgn4(OMG).CHBr.CHBr.C02Mo 
by boiling with aqueous KOH (30 p.c.). Plates, 
of pleasant smell and taste (Eigel, B, 20, 
2537). 

eso-Bromo-o-vinyl-phenol 
CJl3(01I)Br.Cn:CH2. Bromo-oxy -styrene. (265°). 
Formed by distilling di-bromo-othyl-phenoi, 
obtained by brominating 
o-othyl-phenol (Suida a. Plohn, M. 1, 180). 
Liquid, si. sol. water. Gives a reddish-brown 
pp. with FoXlfl. 

Di-broino-o- vinyl-phenol, Methyl ether 
C„n,Bi20 i.e. Cfina(OMe)Br.C.2H2Br. From the 
methyl derivative of tri-bromo-o.'cy-phenyl-pro* 
pionic acid and 

Na,€OaAq (Perkin, G. J. 39, 418). Oil ; slightly 
volatile with steam. 

BROMO-VINYL-PIPERIDINE 
CaH,„N (C2n2Br). Piper-etlvil-alldyie-hromide, 

Formed by heating the hydrobromido of piper- 
cthyl-alkine (oxethyl -piperidine) witli 1 mol. of 
bromine at 100° -120 \ On reduction with 

sodium-amalgam it yields ethyl - piperidine. — 
B'HBr : thin colourless prisms, sol. water, v. 
b1. sol. cold alcohol.— B'HCl. — B'^H., Cl^PtCI*.-- 
B'HChAuC],. (Ladenburg, B. 17, 154). 

BROMO- 0- XYLENE OABr i.e. 
C«H3(CH3)2Br [1:2:4]. [0°]. (214° i.V.). Mol. 
w. 185°. S.G. 1-37. Formed by the action 
of bromine in presence of iodine upon o-xylene 
in the cold and in the dark (Jacobson, B, 17, 
2372; Schramm,/?. 18, 1278). 

w- Bromo -o-xylene C„H4(CH3).CH2Br. o- 
£cy ly I bromide. ^[21% (217«°) at 742 mm. S.G.i^ 
1*381. Colourless liquid. Prepared by the action 
of bromine-vapotir upon boiling o-xylene ; or in 
tliGfrCold upon o-xylenc exposed to direct sun- 
shine (Radziszowski a. Wispek, B. 15, 1747 ; 18, 
1281; Schramm, B, 18 1278; Colson, A, Ch, 
[6] 6, 116). 

Bromo-w-xylene C 3 H 3 (CH 3 ) 2 Br [1:3:4]. (206°). 
Formed by the action of bromine upon cold m* 
xylene in the dark (Fittig, A. 147, 31 ; Sohramni} 
B, 18, 1277). Mel and Na give if^-oumeue. 


BROMO-XYLENE-SULPHONIO AOID. 


** ~ Obtained by adiliug 
■A HCI solution of bromine^ to a solution of 
sodium ^-xylene- ()8)-suIphonate, which is 
prepared by debrominating di-bromo-jn-xylene 
aulphomo acid C,HMe.,Br.,(SO,H) [1:3:4:6:2] 
with zinc-dust and aqueous aiianonia. By 
methyl and sodium it givA homimelli- 

OA A* [1;2;3] (Jacobsen i. Deiko, IS. 

yOo). 

Bromo-xylene CJLMo.Br ri:3:51. ^201°). 

S.G. 1*3(;2. Oil. From C,H,]\r«\.(NHd 
[1:3:4] vid C„H 3 Mo.,HHAc, CJL.lhKa.lNKAc and 
C.H^rMo^(NH.J (Wroblewsky.'.l. l‘J2, 215 ; B. 
9, 406). 

• •-''1Nh^»mo.77^xylcne C JI,(Cdrd.Cir 

bromide. (215'^) at 735 mm. (K. a. W.) ; (e. 2*18'^) 
(C.), H.G. -5 1*371. Colourless liquid, with 
pungent vapour. Prepared by the action of the 
vapour of bromine on boiling 7«-xylerie, or from 
Br (1 mol.) and cold ??i-xyleiio exjiosed to direct 
sunlight (Hadziszewski a. Wis|)ek, B. 15, 1745 ; 
18, 1282 ; Schramm, B. 18, 1277 ; Colson, A. Ch\ 
[CJ6, 117). 

Bromo- 2 )-xylone {Clf,),. [2:1:4]. [10°]. 

(20G° i.V.). Formed by tlio action of bromine 
upon cold ;?-x>lene in tlio dark (hittig a. 
Jannasch, A. 151, 283; 171, 82; B. 17, 2700; 
Jacobsen, B. 18, 356 ; Schramm, B. 18,’ 1276)! • 
Large plates. 

«-Bromo-^-xylene CJI,(CIJ,).CII..Br. 7)-A5/7//Z • 
bromide. [36°]. (210°) at 710 nun. liong 

colourless needles. Sol. ether and chloro- 
form. Pungent smell. Prepared by the action 
of bromine -vapour on boiling /)-,xyleno, or of Br 
(1 mol.) upon cold i)-xylono exposed to direct 
sunshine (lladziszewski a. Wisjtfl'.yi. 16 1743* i 
B. 18, 1270 ; Schramm, B. 18, P-’*7). 

Di-bromo-o-xyleno C,iir.{Cll,).,Bro [1:2:3:4?1. ! 
[7°J. (277^). S.G. 1*78 12. liitpiid at ordinary ! 
temperatures. Formed together with tlie i:-o- 
merido [88°j by the actioii of bromine (2 muls.) 
in presence of iodine uiion o-xylciio (1 mo-\) in 
the cold (Jacobsen, B. 17, 237(j). 

Di-bromo-o-xylene C,;IF(Cll.,).^Br 2 [1:2:1:5J. 
[88°]. (278°). Largo Irimetric plates, or long 

needles. V. sol. hot alcoliol ; v. si. sol, alcohol 
at 0°. Formed as above (Jacob.seii, B. 17. 
2376). 

o-Di-w-bromo-xylouo CulI,(Cir..r>r).. [1:2]. 
o>Xylylene bromide. [05°J. *8.(1.* 2 i*p34. 

S. (ether) 20. S.ll. (15°-40°) -183. Splendid large 
trimetric crystals. Prepared by heating o-xyleue 
with bromine (2 mols.) at 130°-155°. Also by 
the action of Br (2 mols.) in the cold u[)on o« 
xylene (1 mol.) exposed to direct sunshine. Tri- 
metric crystals ; a:b:c = -858 1:1 : •501 4 ; v. sol. 
ether and chloroform. By boiling with a solu- 
tion of Na-jCOy for 3 hours it yields phthalyl- 
alcohol (Bacyer a. Perkin, B. 17, 123 ; Itadzis- 
zewski a. Wispek, B. 18, 1281- Schramm, B. 
18, 1278; Colson, A. Cdt. [6] 6, r05; C. li. 101, 
428; Perkin, jun., G. J. 53, 6)j» 

l)i-bromo-7a-xylene CJI,(CIIJ.,Br.. [7^°]. 
(266°). From 7;i-xylene and Br (Fittig, A. 147, 
26; 166,236). 

Di-bronio-7»-xylene CBH^(CH3).13r.^. (252°). 

Liquid. From brominated 77i-xylidine by the 
diazo- reaction (Wroblcw.sky, A. 192, 216). 

•,«,-Li-bromo-77i-xylene C«H,,(CH..Br ).3 [1:3]. 
XylyUne dibimiide, [77°]. S.G. « 1*734 ; ^ | 


m 

(liquid) X-616. S. tligrolh) 88. ■ S.H. a6'’-40‘') 
*184. Formed by the action of bromine (2 mols.) 
m the cold upon m-iy^ne exposed to direct sun- 
shine ; also by adding Br (i mols.) to 77 t-xylene at 
130=^-180 ^ (Schramm, B. 18, 1277 ; lladziszewski 
a. Wispek, B. 18, 1‘ 82 ; Colson, A. Ch. [6] 6, 
109. C. B. 101, 428, Kipjiing, G. J. 53, 26), 
j Prismatic needles (from CHCl,). Attacks the 
. e^’ps. Converted j / alcohol or boiling water 
I C,iH,(Cn..(JH) . Alkaline permanganate 
! forms isophthalic n :id. 

j Di-bromo-p-xy’ no C,H (Cri,).lh-., [1:4:2:51. 

[76°]. (261°).^ . J rom p-xylcnc, iSr, and L 

I A small qnanfdy of a liquid isomericle, 
j C«H._.(CH.,).dir._, 11:4:2:6] (?) is fornuMl at the same 
j time. Large triclinic crystals, plates, or flat 
! needles (Jacobsen, J}. 18, 358 ; FitLig, Ahrens a. 
Mattheides, A. 117, 26 ; Jannasch, B, 10. 
1357). 

a>,w.-Di-1Bromo-p-xylene C,lI,(Cir..Br)2 [l:^]* 
V-Xylylcna bromide. [1-11°]. (c. 215°). S. 
(etlnc-) 2-65 at 20°. S.Il. (15°-40°) -ISO. 
Formed by the action of broinino (2 mols.) in 
I the cold upon p-xylene e.xposod to direct siin- 
shine ; or by the action of bromine-vapour on 
boiling p.xyleno (Grijiniux, 1870, 394; 

Sebr.'imm, B. 18, 1277; ]{a<lzi.s/eu;d:i a. Wis- 
pek. B. 15, 1714 ; 18, 1279 ; J.ow, .1. 231, 362; 

^ B. 18, 2072; Colson, C. It. 101, 128; A. Ch. 

: [6] 6, 119; Kipping, G. J. 53, 31). Plates; sol. 
CilCl.,. Boiled with water (20 pts.) and lead 
nitrate (Ipt.) it forms tero|)]itbfili(i alilcliyde and 
some terei)htlialic acid and p-aMehyde-heiizoio 
acid. Fuinmg UNO., acts similarly. Alcohol 
converts it into C, 11,(011, OTl), ; the rate of thia 
sapoiiiticalion is less than with tlio o-, and still 
loss than with tlio 7?i-isomeride. 
c.ro.Tri.bromo-7)-xylenc 

CJIi(CHBr.,)(ClI.,Br). [106°J. Formed from 
p-xyleno and impure bromine-vapour (Low, A. 
231, 363), l.'jiling water gives w-o.xy-toluio 
aldehyde. 

Tetrn.bromo-o-xyleno CJCI 1 ,).,Br,. [262°] 

(d.) ; [-4i'5°J (B.). (375^). From o-xylcnc and 
Br (.Jacob.seii, B. 17, 2378) in presence of AKBr^ 
(Bliimlciu, B. 17, 2192). Long glistening 
needles. V, si. sol. hot alcohol ; v. sol. hot 
benzene. 

Tetra-bromo-p-xylene C,.(CJl3)Jlr,. [253']. 
(355°). Fromji-xylcno and Br (Jacobsen, B. 18. 
359). 

BROMp-o-XYLENE-SULPHONIC ACID 

C,H,(CH.J;(J )(S03xl) Ll:2:i:5]. Formed by 

sulphonation of bromo-o-xylene. Crystals (con- 
taining aq). Very soluble in water, sparingly in 
cold dilute ILvSO,, 

Sal ts. -NaA' 1/Jaq ; long fine needles, v. 
sol. hot water. — KA'aq.— BaA'^ 3aq : long thick 
prisms, sol. hot wau r. 

A7nide C,.IL(CJy,(Br)(SO,NH,); [213°]; 
long fine needles, \. si. sol. water, si. sol. cold 
|ilcohol (Jacobsen, B. 17,4^373). 

Bromo-o-xylene-sulphonic acid 
CJL(CH3)2Br(SOsH). Formed by the action of 
bromino upon an aqueous solution of o-xylene- 
Bulphonic acid. — BaA'jj 4aq : sparingly soluble 
needles. 

Amide C,H.,Mc.,Br.SO,Nn.. : [187°]; thick 
needles ; ▼. sol. hot alcohol (Kelbe a. Stein. 

19, 2137). 
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BrQmo-m-xylene sal ihonio acid 
0,H,(CH,)aBr(S0,H) [1:3:2:4]. From di-bromo- 
m-xylene suiphanCide, by sodium-amalgam 
(Jacobson a. Weinberg, (9. 11, 1635). 

Amide CJl.^Mo.jlirJlDoNHj. [161° cor.]. 

Bromo-wz-xylene suliVibnic acid 
C,H..Me,Br(S 03 lI) 11:3:0:4]. From 

[l:3:l]bvi.>>rorfrom C„H,Me,Br 
[1:8:0] by fuming HoSO, (.Voinberg, B. 11, 1002). 
From CaILMoo(NH..){SO.,?]') by diazo- reaction 
(Sartig, A. 230, 335; NOujng a. Kolm, B. 10, 
139; Lirnpriclit.B. 18, 218s'. Blender needles, 
V. e. sol. water. r 

Salts. — BaA'o aq. — Na A' aq. — ZiiA'., 9aq. — 
CuA'.^ 7aq. 

Chloride [01°]: large prisms. 

Amide [194°] : small triinetric prisms. 

Bromo-p-xylene sulphonic acid 
C«H,Me,Br.SOaH [l:4:2:5j. FormM by healing 

diazo-p-xylene-sulphonic acid ^ 

tl:4:2:5] with strong IIBr. — BaA^2aq: Binall 
white jdates. 

Chloride : [78°]; small white prisms. 

Amide: [201°]; small white plates, v. sol. 
alcoliol and ether, si. sol. wnitor, benzene, and 
chloroform (Nolting a. Kolm, B. 19, 141). 

Bromo-p-xylene-sulphonic acid 
C«H,(CII,),(Br)(BO,H) [l:4:2::c]. Pearly plates 
or liat needles. Formed by aulpbonation of 
bromo-p-xyleno. 

y alts.—NaA'aq : long thin prisms, trimetric 
plates, or six-aided plates.— BaA'« : small prisms 
or thin six-sided plates. 

Amide C„H,(Cir,),(B.)(S(),NH,). [200°], 

flat prisms, y. sol. hot alcohol (Jacobsen, B. 17, 
2378). This acid is perhaps identical with the 
preceding. 

Bi-bromo-^a- xylene sulphonic acid 
C<jH(CHa)oBi\.(S 03 H) [1:3: 1:0:2]. From di-bromo- 
?n.xyleno [72°] and fuming ITfSO^ (Jacobsen a. 
Weinberg, B. 11, 1634). *fteatlcta, si. sol. cold 
water. Keducod by sodium-amalgam to (1,3,2)- 
wj-xyleno sulphonic acid. 

Balts.— BaA'2.—NaA'2a(i : leaflets. 

Chloride [107°]: rhonibic Icallets. 

Amide [220°]: slender needles. 

BKOMO - m - XYLENOL C,II,(Cll,) 2 Br(Oir) 
[l:3:a::4]. J'rom Br and 7a-.xylenol in IIOAc. 
Liquid (Jacobsen, B. 11, 24). 

Bromo-p-xylenol C,Jl..(CH 3 ).,Br(OII) [l:4:a;:2J. 
[87°]. From p-xylenoi and J3r (JacoUien, i?. 11, 
27). 

Di - bromo - m - xylenol C,jH(CH,)..Br..(OH) 
[1:3:?:?:4] [73°] (J.).^ 

OjWjj Di-bromo-p-xyjpnol C„H 3 (ClI,Br).,(OH) 
[1:4:2]. [74°J. S. (alcohol) 200. From p- 

xylenol and Br at 100° (Adam, Bl. [2] 41, 288). 
Needles; insol. water, but decomposed on boiling 
with it, IIBr coming off. 

Tri - bromo - o - xyisnol C,i(CH3).,Br3.0H 
ri:2:4:5:6:3]. [184°]. Fine needles. Foriw^d 
by bromination of o-xylenol C„H 3 (CH 3 ) 2 . 0 iI 
[1:2:3] (Thol, B, 18, 2662). 

Tri - bromo - o - xylenol Cu(Cn 3 ) 2 Br 3 (OH) 
[1:2:3:6:0:4]. [169°]. From (1,2, 4) -o-xylenol. 
Felted needles (Jacobsen, B. 11, 28). 

Tri - bromo - m - xylenol 08(CH.,).,Br.,(OII) 
tl:8:2:5:f):4]. [179®]. From (l,3,4)-7rj-xylenol 
(J.). Long needles. 


* Tri - bromo - m - xylenol 0„(CH3).^Br3.0H 
[l:3:2:4:6:5j. [166°]. Fine white needles. From 
m-xylenol 08H3(CH3)2.0H [1:3;5] (Nolting a. 
Forel, B. 18, 2679 ; c/. Thol, B, 18, 362). 

Tri-bromo-p-xylenol C.,(CH 3 ) 2 Br 3 (OH). [175®]. 
Golden yelLiw needles (Jacobsen, B. 11, 26). 

BROMa'- m - XYLIDINE C^H.^BrN i.e. 
C,Il 2 (CH 3 )jBr(NH,.) [1:3:5:4]. [97°]. From 

acetyl-77i-xylidmo by bromination and saponifi- 
cation. Minute needles (from dilute alcohol). 
Converted by the diazo- reaction into s-brorno- 
xylene (Ge^ z, B. 3, 225; Wroblewsky, A. 192, 
215). 

Di -bromo - o - xylidino C JI(CH.,) 2 Br 2 .NH 3 
[1:2:4:5:3]. [103°]. Obtained by 
the co»TespondiMg nitro- compound witn iron and 
acetic acid. Colourless needles. V. sol. alcohol 
ether, and acetic acid. Does not form salts. By 
sodium-amalgam it is debvoiiiinated (Thol, B. 
18, 2502). 

Di-bromo-ni-xylidino C,H(CT{ 3 )oBr 2 (NIl 2 ). 
From acetyl-7;i- xylidino by brominating and 
saponifying (Genz, I/. '3, 225). Needles (from 
alcohol). 

Di-bromo -p-xylidine C,;HMe 2 Br 2 (NH 2 ) 

[l:l:5:.r;2]. [05°]. Formed by acidifying an alka- 
line solution of (1 mol. of) p-xylidino-sulphonio 
acidC,II..Mc,(NlI..)(.S():,ll) [i:4:2:5j and (2 mols. 
of) brojiiino. Also foniKjd by bromination ofp- 
xylidino (NiUting a. Kolm, B. 19, 1 12). 

BROM0.?a-XYLIDIN£ SULPHONIC ACID 
C,,IlMe 2 (Br)(Nn.,)(S 03 ll) [l:3:5?;l:()]. Small 
wiiito noodles. Bob liot, v. si. sol. cold water, 
insol. alcohol. Formed by bromination of m- 
xylidine-sulphonio acid C,ilI,Mo.,(NH,J(SOaII) 
[1:3:1;0J (Nolting a. Kolm, B. 19, 140). 

B r omo xy 1 idino - sulphonic acid 
C«HMo 2 Br(NH:,,)(« 03 lf) [l:4:.c:0:2]. Small white 
plates. Nearly insoluble in cold water. Formed 
by broiuination of p-xylidine-sulphonic acid 
CJUIc..(NTr..)(S(),ll) Li:i;0:2J.-A'K (Nolting a. 
Kok n, 23. 19, 143). 

DI-BROMO-wi-XYLOQUINONE C.Br.Mc.Oj 
[1:3:1:0:2;5J. [174°]. From mcsito!,G,ILMo,,(01I) 
and Br in water (Jacid)seii, A. 195, 271). Golden 
lamimo (from alcohol), insol. water and 
Na.COaAq, decomposed by KOllAq. 

Di - bromo - p - xyloquinono CgBr.^Me.Pj 
[1:4:5:2:3:6]. [184°]. Formed by the action of 
bromine upon p-xyloquinone under w'atcr. Thin 
golden plates. Insol. water and cold alcohol ; 
sol. ether and benzene (Carstanjen, <J.pr. [2] 23, 
,434). 

BRONZE V. Cori'EK, alloys of. 

BRUCINE C.,3TL,N..O,4aq. [105°, hydrated]; 
[178°, anhydrous] (Claus, B. 14, 773) ; [151°] 
(Blyth). S. -12 at 15° ; -2 at 100°. [a]n= -85° (in 
alcohol); -110° to -127° (in CllCg (Oude- 
mans, A. 100, 09). 

Occurren.c &: — Togethci* with strychnine in 
nux vomica (the%'.ecdsof Stnjehnos nux vomica)^ 
in the bean of Bt. Ignatius (the seed of Slrychnos 
Ig%atii), in the wood of Stnjehnos colubrinat in 
«fp«s tiente, extracted from the bark of S. tiente, 
and in the bark of Strychnos nux vomica {False 
Atufustiira hark) (Pelletier a. Caventou, A. Gh. 
i [2] 12, 118 ; 20, 53 ; Pelletier a. Dumas, A, Ch» 
[2] 24, 170 ; Corriol, /. Ph. 11, 495 ; Liebig, A. 
Ch. [2] 47, 172 ; A, 20, 50 ; Bcgnault, A. CK 
I [2] 68, 113). Brucine, free from strychninei 
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ooonm m the bark of Slrychnos Ligustriiia 
{Bidara Laut) (Greenish, P\ [3] 9, 1013). 

Preparation. — Nux vomica seeds (56 lbs.) are 
powdered and exhausted with alcohol, to which 
one-sixth part of water has been added. The 
alcohol is boiled off and the residul treated with 
water (10 lb§.) containin.^^ II .SO^ (-ip lbs.). The 
filtrate is neutralised with Na_.CO.,. The pp. is 
collected after a few hours, dissolved in chloro- 
form, and the solution shaken with very dilute 
H.jSO,, which dissolves brucine. Tlie solution is 
placed under a bell jar toj^cther \#th a beaker 
containing aiuiiionia so tliat m.iutralisation 
^grocceds very slowly. The cryslalliue j)p. is 
extrOTi^l^with diiiicc alcohol, which dissolves 
brucine, and the solution allowed to cvaiiorate. 
The brucine, containing stryehnino, is dissolved 
in dilute HoSO^, and the faintly;ilkaline solution 
mixed with KI. The brucine bydriodide that is 
ppd. is crystallised several times from alcohol. It 
is then shaken with aqueous Na.CO., and chb)ro- i 
form, the chloroform is Ukoi shaken wuth dilute 
acid and the biise pp*witL annnonia (W. A. 
yiicnstono, C. J. 30, d;V3). 

Prnpciiics.- Monoolinie ellloreseent prisms 
(from dilute alcohol) ; v. sol. alcohol, chloroform, 
and essential oils, insol. etlier and fatty oils. 
Feebly alkaline to litmus or phenol-plithaban 
(Plugge, Ar. l^li. fH] 25, 15). It is hevorotatory, 
the extent of rotation depending upon the 
nature of the solvents and tlio concentration of 
the solution. In presence of free acids [a],, varies 
from -20'’ to -305'’ (i:ykociner. It. T. (J. 1, 
144). Commercial brucine usually contains 
strychnine, but the colour which strychnine 
gives with oxidising agents is 'Masked by the 
presence of brucine. Tlie strycl. Jtne may, how- 
ever, bo detected by adding dilute 1 1 NO., and then 
extracting the strychnine with chloroform in 
presence of excess of KOII (Shenstono, J%. [3J 
8, 115 ; Ilanriot, G. It. 07, 207). llrucino is 
aifoctod by lieating with acids, alkalis, oi. even 
water, and hence much is lost by the usual 
method of pre])aration, but the products being 
usually amorphous, the unaltered l>rucino is 
easily separated in a pure state. 

GoIov.r tc.-its. -V. p. 121. The most char.ac- 
teristic is the red cc)lonr with nitric acid, which, 
after warming, is turned violet by exce.is of 
ammonium snlpbide (v. also Cotton, X. [2J 5, 
728 ; J. Ph. [4J 10, 18 ; Luck, pdj <b 275 ; 
Le Linde, C. N. 37, 98; Fliickigor, Fr. 15, 312; 
Hager, Fr. 11, 201 ; DragciidorlT, Fr. 18, 108 ; 
Pamlis, G.G. 1872,410; Struve, Fr. 12, lO; 
Buckingliam, Fh. [3] 3, 881). 

Jteactioiis. -1. Brucine (00 g.) beated with 
alcohol (COO c.c.) and NaOII (30 g.) at 100 ’ for 
12 hours forms a solution which, after neiilr.ili- 
eation with COo, filtration and evai)oration, 
leaves a varnish coi^aining son^e cry.slals. The | 
crystals (7 g.) sepai.ited from the varnish by 
washing with water and purijfed by solution in 
very little dilute HCl and ppii. by are 

thrown down as microscopic crystals of 
(2\g.). This gives a yellow colour 
with HNOa ; a pp. with bromine, and on boiling 
a magenta colour. An ammoniacal solution 
turns purple in air and finally green (Shen- 
Btone). — 2. HNO3 (S.G. 1*2 to 1-4) forms a red 
solution, producing ‘cacotheline* 

Oxalic acid, and methyl nitrite (Strecker, A. 91, ; 


76; Hanssen, jj . KfCrgO, and 

oxidise cacotheline to !p,gH,3N204, which is alsc 
formed by the oxidation of brucine. — 3. Brucine 
(1 mol.) heated with ij pi at 140° gives off McCl 
(between 1 and 2 mol/.). Brucine is therefore 
possibly C.,,H.,„(()’\Io> N.,0, , strychnine being 
C..,H,..,(0II)2N.A (Sli nstoiie, G. J. 43, 101; c/. 
Hanssen, JJ. 17, 220 .y'.— 1. Yields on diflillation 
w’ith potash several pyridiiu' bases. AmBngst 
otirers (/8)-di-methyf pyridine and (3)-tri-methyl- 
pyridine, quinolin tetiahydride, togetlicr with 
I probably a di-iy thylqiyridine (Oeclisncr de 
' Coninck, A. Glil[ ] 27, 5()7 ; G. It. 99, 1077 ; HI. 

[ [2J 42, 100). 5. Distilled in vac no wilh y.inc- 

dust it yields earbazol (lifebiseh a. Sclioop, M. 
7, 013). — (I, Alkaline KMnO, gives off about 
half tbonilrog<m in the free (Wanklyn a. 

; Chapman, C. J. 21, 101). — 7. ICl forms a light 
fiocculent 1%. in solutions of salts of brucine 
(Dittmar). 

Salts. — B'lICl: crystalline tufts, m. sol. 
water. — B'TTClIlgCl.^ : long needles (from alco- 
hol). — B'JLPtCl,; : yellow pp. — S'lflaq: rect- 
angular lamina' or very short prisms ; m. sol. 
hot water. — B'lTI., : brown violet needles (Jor- 
gensen, A. Gh. [t] H, lU ; J. pr. [21 3, 100).— 
IJ'.dl.l,: unslublc orange needles. 1 >T I N 0, 2aq ; 
four-sided x)risms; less soluble in water than 
strychnine nitrate. B'.jlLSO,7aq : long needles, 
V. sol. water, si. sol. alcohol. » 
S. 1 at 15° (TTow, N. Ed. P. J. jnew] 98).— 
B'alLS^jOaq: [125'j; insoluble yellow needles, 
formed by atmospheric oxidation of an alcoholic 
solution containing ll.S (Schmidt, A. 180, 200; 
B. 8, 1207; 10. «838, 1288). — B',TI,,S,... — 
B’JI,PO.,.'raq (Anderson, P. M. [3] 33, 103).— 
j B'.,n ,F(;Cy,. 2aq ; hygroscoi)ic ut'edles, m. sol. 
hot water (llrandis,/!. 00, 200). l>\lI,FeCy„4aq. 
— B'if.b’tCv,;: white powder (Holst a. Beckurts, 
j .4r. Ph. pB 25, 313). — UVH,BciCy,i0aq.— 

' B',lI,CoCy.l0ae (Leo, Hm. S. [2] 2, 44).— 

: B'-dlaNiCy, (L.).— L'HCyS : scales, sol. water.— 

; Periouate: needles (Bbdekcr, A. 71, 04; 

I Langlo*s,.4. C/i. [3J 3t,27H). Nitropruaside: 

: S. -15 at 15° (Davy, /Vt. [3 1 11, 750). Acetate: 

I crystalline, but gummy if inquire (Sbenstonc). — 

' Doxtro - tartrates : B'.Il, 11,0,1 — 

! B'..C,n,.0,i8aq, IBC.H,0,.. — Fi/e vo-tartrates: 

B'.;C,II,A ll*i-4» 13'C,H O, 5aq (Pasteur, A. Ch. 

[3j 38, 472), — B'C4Hi(SljO)0,, (Stenlioiisc, A. 
129, 20). 

Met Juflo’iodido B'M'iTSaq; laminro 
(from water)' rosiitificd by boiling KOH (Stahl- 
Schmidt, P. 108, 513). — ll'MeJ^. — IBMelj. — 

I Mcthylo- bromide B'MeBr 2\aq.—Methylo- 
' chloride B'Mc^Cl Saij ; v f-ol. water and alco- 
hol.— B'.,Me,.Ptf:i„. — B'HAuCl,. - Mcthylo^ 
sulphate B'jl^lc NO,, 8aq : radiate crystalline 
mass, V. sol. water. B'He._.S 04 2aq. — Mcthylo^ 
nitrate B'McNO, 2aq. The ifiiysiological ac- 
tion of those salts has been studied by Crum 
jBrown {T. E. 25). o 
• Ethylo-iodide B'EtTlaq: not decom- 
posed by KOII but converted by moist Ag.O into 
a very soluble alkaline hydroxide : — B'Etlj.— 
B'Etl, aq. — Ethylo - platino - chloride 
B'jELPtClg. f^ilky needles (Gunning, J. pr.tSl, 46), 

Bromo- ethylo -bromide ITC.2H4Br2 3aq : 
from brucine and ethylene bromide at 100°; 
forms furcate gioups of nacreous lamin® (from 
water), pps. half the Br. Moist Ag^Q 
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foms the vinylo- hydroxide B^OAOH I 
which ie strongly ^ajfne ; two of its salts | 
are B',(CjHjCl)aPtOl! aj^d B'C^aSO^HSaq.— 
Bromo-ethylo-platiwftchloride 
B'2(OsH4Br)4PtClfl (Schadt^. 118, 207). 

Allylo-iodido B'CjIJaq. — B'CAI,.— 
B'CaUftLaq. — Allylo -platino - chloride 
B'2((J'3ilj01)2ptCl^. — Is^mylo - chloride 
B'C,H„C1 aq. - B',(C,H„)..\\tCV— Isoamylo- 
iodides B'CJInIj.-B'C.Hijs. 

Bromo-brucine CojHo.Bri.O^. Formed by 
adding an alcoholic solution y iipr to an aqueous 
Bolutior of brucine sulphate'. Small needles 
(Laurent, A, Ch. [.3J 21, 311 ; c/. Beckurts, B. 
18, 1238). 

Nitro-brucine C2sn25(N0.J04N2. Formed by 
nitration of brucine-mcthylo-iodide suspended 
In absolute alcohol. Largo rod tri^Aetric crys- 
tals. Carboni&os at about 210*^ without melting; 
Bol. water. Salts. — B'lINOa : glistening yellow 
needles, v. sol. water, si. sol. alcohol and ether. — 
B'jH^ClaPtCl^ : lino yellow' needles (Hanssen, B. 
lU, m). 

Amido- brucine Formed 

by reduction of nitro-brucine with tin and IICI. 
V. sol. water. Not isolated. FOaClfi produces 
a green colouration changing to brown. Very 
dilute KjCraO, produces a fugitive blue-violet 
colour. Strong UNO, gives a yellow solution 
which is turned red by SnCl,.~B"'H3Cl., : 
colourless prisms.— B'^glldClrtPi, Cl,,/ ; yellow 
amorphous pp. (Hanssen, B. 19, 523). 

Dinitro-brucine C..,H24(N02^P,N2. Prepared 
by the action of UNO, oii^gn alcoholio solu- 
tion of brucine. Bed amorphous powder. V. 
sol. water, si. sol. alcohol, insol. ether. — 
(B'HCl)2PtCl4: yellow pp. (Claus a. Bohre, B. 
Xi, 765). 

BRYONIN C^„II„„0,,,. An aniorplious bitter 
substance in the root of the rea-berried bryony 
{Bryonia diotca) from whicl^jjt fhay be extracted 
by boiling water. It appears to be resolved by 
dilute into glucose and two amorphous 

bodies, bryo retin C2,H.„07 sol. ether, and 
hydro - bryo retin C.iH.jjOb insol. ether 
(Brandos a. Firnhaber, Braudes' Ar, Bh.B, 350; 
Walz, C. G. 1859, 5). 

BXFCHU. The leaves of several species of 
Barosma growing at the Cai)c contain a volatile 
oil and a crystalline substance [85°J (Fliickige'', 
Bh. [3J 4, G89 ; Jones, Bh. [3] 9, 073). 

BURETTE Analysis, pw248. 

BUTALANINE v. AMiDo-nuTYiifc acid. 

71-butane C,II,„i.r. CIl,.CH,.CU,.CH,. DU 
ethyl. Methyl-imipyl. Butiil-hifdriilc. Mol. w. 
68. (1°) (Butlerow, 1807, 303). S.G.^^'CO. 

V.D. 2-11 (calc. 2-01) (Tlonalds, C. J. 18,54; 
Pelouze a. Cahours, A. Ch.\i] 1, 5). B. (gas 
in alcohol) 18 at 11°. Occurs in petroleum 
(R.). Formed by the action of Zn on EtI at 
160° (Frankland, A. 77. 221 ; Schoyen, A. 130, 
238). Also, together with butylene, by heating^ 
butyl alcohol with ZnClj (Wurtz, A. 93, 112). 
Prepared by the action of sodium-amalgam on 
EtI (Lbwig, J. 1860, 397). 

Iso-butane (CH,)3CII. TrimethyhmcthanCf 
Secondary butane. (-17°). H.F. p. 42,450. 
H.P. V. 40,180 {I'h.). Prepared by slowly pour- 
ing fcrf-butyl iodide into water containing zinc, 
the equation being 2(CH.,)3CI + H^O + Zn^ 
w 2(CH«),CH + ZuO + Zal^. Also from iso-butyl 


iodide and Al,01« at 120° (Kdhnlein, B. 16, 662;. 
Colourless gas. « Chlorine converts it into 
CH3),C.C1 (Butlerow, A. 144, 10). Br at 100° 
orms di-bromo-butane (Carius, A. 126, 196). 
Excess of Br a.t 300° forms CoBr. (Morz a. Weithi 

B. 11, 2244/ 

BUTANH CARBOXYLIC ACIDcv. ButybiO 

ACID. 

Butane di-carboxylio acid v. Pbopyl-malonio 

ACID, ISO-PROPYL-MALONIO ACID, MeTHYL XTHTL- 
MALONIC ACID, E THYL-SUCCINIC ACID, t WO Dl-METHYL- 
8UCCINI0 ACIDS, AdIPIC ACID, a-METHYL-OLUTABia 
ACID, and jS-METHYL-aLUTAKIC ACID. 

Butane acow - tricarboxylic acid fi TT 
MeCILCH(C02H)Cn(C02lI)2. Ethyl 
tri-carboxylic acid. [119°]. Got by saponifying 
the ether with alcoholic potash (Polko, A. 242, 
115). White rhombic crystals. V. e. sol. water, 
alcohol, ether, acetone, v. sol. chloroform.— 
Salts. — A"'«Ba3, insol. water and alcohol. — 
A'^Aggl-^-aq, si. sol. water.— A'^.^CaH^, insol. al- 
cohol, v. sol. water. — A'^'Can2|aq. — A'"5jCaj, 
hygroscopic. — A'"._.^n3Gaq, v. e. sol. water, insol. 
alcohol.— A"', Sr., OiKj. « 

Ethyl ether ]\IeCILCII(C0..Et)CH(C02Et)2. 
(276°). (189° at 00 mm.). S.G.f^-005. Formed 
by acting on sodium malonic ether with a-bromo- 
butyric ether in alcoholic solution (P.). 

Butane oa^-tri-carboxylic acid 
CH3.CH(C0,,H).C(C02H)2.C1T3. Butcnyl-tri^ 
carboxylic acid. [157°J. V. sol. water, alcohol 
and ether. On warming it yields s-di-mothyl- 
succinic anhydride [87°j (Bischoff a. Bach, 
A. 234, 54). Salt s.— Ba^A^.— Ca.,A'"2. 

Ethyl ether Et.jA'". (c. 190°) at 60-60 
ram. ; (273°-275°) at ordinary pressure. Liquid. 
Formed by fhe action of o-bromo - propionic 
ether upon sodio-methyl-malonio ether. By 
boiling with HCl it is converted into s-di-methyl- 
succinic acid [189°j (Lcuckart, B. 18, 2346). 

Iso-butane tri-carboxylic acid 
MeX^C0.11)CIl(COJI),. [120°]. Prepared by 
saponifying the ether witli alcoholic potash 
(Bamstein, A. 212, 128). Needle-shaped crys- 
tals (from water). V. e. sol. water, alcohol, 
ether, acetone, v. si. sol. chloroform, benzene, 
petroleum ether, carbon disulphide. Decom- 
posed by boiling with water, giving off CO^. 
Salts. — K3A'"2!i(i. Quadratic prisms : v. e. sol. 
water, insol. alcohol.— CajA'^aQati : m. sol. water. 
— CaA"'„2aq : v. o. sol. water. — vSr.,A'"2 7aq. 

Ethyl ether Et^A'". (181°-18r)°) at 30-40 
mm.; (279°-281°) at ordinary pressure (L.); 
(273°) (B.). S.G. 1*001. Liquid, p’ormed 
by the action of a-bromo-isobutyric ether upon 
sodio-malonic etlier. By boiling with HCl it is 
converted into 7t-di-mcthyl-succinio acid [139°J 
(Leuckart, B. 18, 2350 ; Bamstein, A. 242, 126), 

Butane u)«77-tetra-carboxylic ether CigHouOg 
i.e. (C03n)3.CH.€'H.,.CH2.C»;C02n)2. (275°-280°) 
at 225 mm. Fornmd, togetlier with trimethylene 
dicarboxylio acid, by the action of ethylene 
bromide on sodium malcuio ether (Perkin, jttn,, 

C. J. 61, 17 ; B. 19, 2038). The yield is veiy 
small. The corresponding acid splits up when 
heated into COj and adipic acid. By treatment 
with sodium et^lato it gives a di-sodio-deriva- 
tive which by the action of bromine yields tetra* 

CHj,C(COaBt), 

methyleue-tetra-carboxylic ether It « 

CH,.C(0O^^, 
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Ifo«btitane tetra-carboxylio ether * 
(06aBt)aOH.OHMe.OH(CO,BtU (o. 3U») at 
80 mm. A by-product in tne preparation of 
ethylidene-malonio ether from aldehyde and 
malonio ether ; it is formed by the addition of 
tnalonio ether to ethylidene-maVnio ether 
0H3.0H:C(CO2Et)a (Komnenos, A,- 218, 158; 
Claisen, /.jpr. [2J 35, 411). The coiTos?ponding 
acid is split up by distillation into COa and 0- 
methyl-gl utario aoidCOaH.CII,.CH]\re.CH.,.COaH. 

Butane aai8;3-tetra-carboxylio ether 
(CO,jEt)oOMe.CMe(COaEt)a. Bi-mcilil^l-acetylitne- 
tetra-carboxylic ether. b\G. 1*114. From 
sodio-methyl-malonio ether by the action of 
iBfifif8l>e|^chloro-«;nethyl-iiialonic ether. From 
sodio-ethaifo tetra-carboxylic ether and Mel 
(Bischoll a. Each, B. 18, 1202 ; A. 234, 70). 

Butane tetra-carboxylic ether 
CH(C0,H)2.C(C,H,)(C03Et)2. FAhyUacctijlene- 
tetra-carboxylic acul. Thick colourless oil ; 
formed by the action of chloro-malonic ether on 
sodio-cthyl-malonio ether (Bischoll a. Each, B. 
17, 2785). 

Butane hexa-carboxyHo ether 
C02Et.CH,.C(C02Et),.C(C0,Et),.CH,.C0,Et. 
[57°]. Six-sided tables. From sodinm ethane tri- 
carboxylic ctlior (C02Et)oCNa.Cil ..CO.^Et by the j 
action of iodine or of "(C0J?U).,CCl.CH2.C02Et 
(Bisohoff, B. 16, 1016; 17, 278<J). 

ISO-BUTANE SULPHINIC ACID 
(CH3).jCH.CTI.„S().,II. From iso-bntano sulpho- 
chlorido by zinc-dust (Pauly, B. 10, 912). 
Liquid, lloduced by nascent hydrogen to iso- 
butyl mercaptan. — ZnA'.,. Plates (from alcohol). 

w-BUTANE SULPHONIC ACID CjH,SO,II. 
Formed by the action of UNO;, on Jt-butyl mer- 
captan (Grabowsky, A. 175, 3li). *lhick syrup, 
V. sol. water and alcohol, m. sol. ether. — AgA' : 
plates. — PbA'o : plates, si. sol. alcohol. — 
PbA'.2,2Pb(OH)2 : crystalline powder, si. sol. 
water. — BaA'.^ aq ; plates. — CaA'^, 2aq. — NaA' : 
plates. 

Iso-butano sulphonic acid 
(0H3),2OII.CH..SO3lI. From iso -butyl mercaptan 
and IINO3 (Rlylius, B. 5, 978). Syrup. Its 
salts are v. sol. water.— AgA' : scales.— BaA'j : 
needles. 

Chloride CASO^Cl (190^’) (Paulv, 10, 
942). 

ISO-BUTENYL ACETATE CH3:CMc.ClI ,0 Ac 
(120°) (Schnschukoff, J. R. 16, 502). 

BUTENYL ALCOHOL CJI^O i.e. 
0H,.CH:CH.CIl20II. (117°). A product of tho 
action of iron and acetic acid upon crotoiiio ' 
and tri-chloro- butyric aldehydes (Lichen a. 
Zeisel, M. 1, 825). Ill gives OT{.,.Cn,..CHl.CIl3. 

Isobutenyl alcohol CH.rCMe.ClI .OH. (113°). 
S.G. 2 *8695. Formed by boiling Isobutenyl 
chloride with very dilute K-^COs (Solieschukoll, 
J. B, 16, 499). Dilute £[3804 changes it to iso- 
butyrio aldehyde. HI forms tert%\iiy\ iodide. 

Ethyl ether CH.2:CMe.CII|.OEt (78°-85°). 
From isobutenyl chloride and KOEt. ^ 

iScc-iJObutenyl alcohol CMe.iCII.OH. 

Methyl ether CMejCH.b.Me. Methyl 
ieocrotyl oxide, (70°-74°). From bromo-iso- 
batylcne and NaOMe at 140°. Dilute 112804 at 
140® gives HOMe and isobutyric aldehyde (Blte- 
koff. jB. 10, 706 ; /. R. 9. 163). 

Mthyl ether CMe^-.CH.OEt. (93°). Simi- 
tsrly prepared (E. ; 8. ; Butlerow, Z. 1870, 52iJ. 
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(above 150°). From tl> 9 nitrile of methane tri- 
carboxylic acid CH(C^^) 5 ^ tin, and HCL — 
B'aSH^PtCl^ (Fairlie, Gl 7. 16, 362). 

BUTENYL-BENZEtyE v. Piientl-buttlbne. 

BUTENYL CHLOR'^ifc.'^ 0 . CjiLono-nuTYLENB. 

(a)-BUTENYL-CU][7ENi- PrC,H„ Iso- 
propylbutenyl-benzIiA. (2i3°) ^ 8.G.' •8,§^75. 
Obtained from br no -oinnyi Valerio acid 
C,lT,Pr.CH...CBrEt.Cvi..Hand nV ,CO,Aq (Perkin, 
C. J. 32, 662). Fo; ns a d'hro-f Ido [77°]. 

()3)-Butenyl.ouilftno / (235°). 

S.G. *889. Cuiainio f dehyde. (10 g.) sodio 
isobiityrato (5 g.) anc^ isobutyric anhydride 
(15 g.) are heated together. Th(3 (vily product is 
distilled with water and then over solid KOI! 
and Na (Perkin, G. J. 35, 141). It forms a 
liquid dibroqiide. 

BUTENYn-GLYCERIN v. Tui oxy-nuTANK. 

DI-BUTENYL-KEXONE v. Di-allvl.-aci5tonh 
(p. 131). 

o-BUTENyi-PHENOI. 

Methyl ether 

[2:1] MeO.C,H,.CH:CII.CH3.CTl3. (233°). S.G. 
*9817 ; 55 *9740. From tho methyl derivative of 
oxy-phcnyl- angelic acid by successive treatment 
with III and Na.^CO^Aq (Perkin, G. J. 33, 213). 
Oil. Combines with bromine. Forms a rod 
solid with II2SO4. 

p - Butenyl - phenol. Methyl ether 
[4:1] McO.C,1I..C4H,. [17°]. (213°). S.G. 23 

•973. Prepared like the preceding (Perkin, 0, 1. 
32, 671). 

o - Iso - butenvl . phenol C,oH,oO i.e, 
C4H,.CJl4.0H. (225°-225°). S.G. l-oi?. 

Salicylic aldehyde (30 g.) sndic isobntyrato 
(22 g.) and isobutyric aubydrido (45 g.) are 
heated together for 4 hours. Water is added to 
the product, and the oily butonyl-plionyl isobu* 
tyrato saponifi'vl ^by alcoliolic KOIl. Tho alco- 
hol is boiled off, dilute IICI is addf^l and tho oil 
which separates is instilled (Perkin, G. J. 35, 
142). 1‘i'opcrties. — Oil, with smoky and cedar- 
like odoirir. Sol. potash but insol. Nil,. With 
salicylic aldehyde and cone. H3SO4 it forms a 
jiurple solution. 

p - Iso - butenyl - phenol C,„TI,.D i.e. 
C4lI..C„II,.OH. (230°-235°). From ^/-oxy-ben- 
zoic aldehyde, sodio isol'iityrato and butyric 
anhydride. Yield small (Perkin, C. J. 35, 145) 
An oil which solidifies in a freezing mixture. 

Mcth li ether CilI-.(UI,.OMc. [9°]. 
(237°). P’rom anisic aldeliydo (20 g.), sodic iso- 
butyrate (15 g.) and i.sobutyric anliydride (30 g.) 
by boiling at 180°. The product is distilled 
with steam and tlie oil u irdover K/IO,. Cooled 
by ice and IlCl it solid’, lies. On o-xidation it 
yields anisic and acc io acid. 

a, - BUTENYL - STYRENE CJI,.CTT:CII.C4H, 
(245°-248°). Phenyl hex inene. Cinnamic alde- 
liydo (10 g.), sodium isobutyratc (15 g.) and iso- 
b^tyrio anhydride (10 g.) ft?o heated together for 
twh hours. CO^ comes off, and tho residue is 
distilled with steam, washed with NH3, dried 
and rectified over Na (Perkin, C. 7. 35, 141). 

Properties. — Lighter than water. Rapidly 
oxidises in air, becoming a resin. It combines 
with bromine. 

Ixo-EUTENYL-TOLYLENE-o-DIAMINE 
0„II„N, M. [158“]. 
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Formed, together with I small quantity of tolu- 
butyraldehydine shaking 

;a cold acetic acid Solution of tolylene-o- 
•diamino (1 mol.) with ^ aqueous or alcoholic 
solution of butyric aldSiydc (2 inols.). Small 
-colourless needles. V. pi. alcohol and other, 
-b 1. Bolf-wator. Very bitlW taste (Ilinsberg, J5. 

; 20*1580). \ 

BUTINENE CJl, CIL:ClI.ClI:Cn,. 

Erytlimie. Vinyl - ctli^^nc. Pyrrulylene. 
Occurs in the liquid got byVunprossing coal-gas 
(Caventou, 6, 70; Griiini xi a. Clooz, O. 11, 
104, ll8). Formed also (?) ry passing fusel oil 
through a rcd-liot tubo (Caventou, A. 127, 93). 
01)tained by boiling ei'ythrito with cone, formic 
acid (5 pts.) (lleiininger, B. 0, 70); and by 
the action of KOII on di-mcthyl-pyrrolidino 
methyl o-iodidc (Ciamician a. Ma<^aghi, B. 19, 
6G9). A gas. It forms a tetrabromide [119 ’]. j 
Pyrrolylene and the butinono from crythrito I 
form also a sccoiul tetrabromide [lO"^] so that ! 
they are probably mixtm'es of two butinenes. 

Butinene CH^.CIL.CiCH. Klhiil-accfylcnc 
Crotonylenc. (18 '). From inetliyl ethyl ketone 
by successive treatment with alcoiiolic KOlt and 
rcij (Bruylants,71. 8, 412). Gives a white pp, in 
ammoniacal AgNOj and a yellow ])p. in ani- 
moniacal cuprous chloride. l\rercuric chlorulo 
solution gives a pp. of (0,il,;)..,(fTgOHgClJ., 
(Kutscherotf, B. 17, 21), whence JlOl produces 
methyl ethyl ketone. Tlio same butinono 
appears to bo formed when a mixture of 
acetylene and ethylene is passed through a 
rod hot tubo. It forms r« tetrabromide [113^] 
(Berthclot, A, Ch. [4] 9, 400; Prunier, BL 
20, 72; A. Ch. [5J 17, 17; C. B, 76, 1410). 

Butinene Cn,.CiC.CTT.,(?). Crotonylenc. 
(18°). From crude butylene bromide and alco- 
holic KOTI (Caventou, A. 127* 317). From a^. 
di-bromo-butano and alcoholic KOTI (Almedin- 
gen, J. li. 13, 392). Alsq»rormcd by distillin;' 
barium ncetjite with S (Pfankuch, J. pr. [2J 
6, 110). ILSO., (3 mols.) diluted \’f*d.li water 
(1 mol.) converts it into hoxa-metbyl-bciizene. 

Butinene Cjllrt. Caoutcliin. [~ lO""]. (15'^). 
6.G. r? ’65. Formed by the dry distill.ation of 
caoutchouc [q.v.) (Bouchardat, A. 27, 33). 

BUTINENE GLYCOL v. Di-oxy-iuityoknk. 

BUTONENE-AMIDO- PHENYL MERCAP- 
, TAN C„Hi 2N.,S3 i.c. 

C.H,<g>C.CH,.CH,.C<j!>OJI,. . [137°J. 

From amido-iilicnyl-o-mnrc.'iiilat ami siiccin- 
amide (Hofmann, il. 13,1231). Needles (from' 
alcohol). — B'HAuCl,. 

BUTYL DERIVATIVES of hydroxylic com- 
pounds aro described um^cr the compounds of 
wJjich they aro the ethers. 

DI-BUTYL V . Octane. 

BUTYL ACETATE CJI,..0, i.c. C,n„.OAc. 
(124*5^). S.G. § -9016. C.E. (O'^-IO ") '00113. 
B.V. 150-6 (Gartenmeister, A. 233, 259). Fr/?ln 
butyl iodide and AgOAc (Liebcn a, Rossi, A. 
158, 170 ; Limiemanu, A. 161, 193 ; Pribram a, 
Handl, M. 2, 693). 

Isobutyl acetate (CH3).,CH.CH.,.OAc. V.D. 
4'073 (calc. 4*017). (116-3<=’) (Elsiisser, A, 
.•218, 326); (117“ cor.) (Perkin, G. J. 45,495; 
.(112-8®) (R. Schiff, A. 220. 109). S.G. % -8921 
,(E.); -8774; M ‘8088 (P.). aE. (0“-10“) 


•001137 (E.). M.M. 6-623 at 10°. S.V. 160-10 
(£.) ; 152*5 (S.). Formed from isobutyl iodide 
and AgOAo, or distilling potassium isobufcyl 
sulphate with KOAo (Wurtz, A. 90, 121). 

to-Butyl acetate CH3.CH,,.OH(OAo).OH,. 
(112“). S.®.^i*892. From sec-butyl iodide and 
AgOAc (Dd Luynes, J, 1864, 501 ; Lieben, A. 
150, 113). 

Tertiary Butyl acetate (CTl.,)3C.OAo. (93“-> 
9G“). Ph’om the iodide and AgOAo. Readily 
saponified by baryta-water (Butlorow, A. 144, 7). 

ISO-BUTYL-ACETIC ACID v. Hexoio acid. 

ISOBUrfL-ACETO-ACETIC ETHER v. p. 24. 

BUTYL-ACRIDINE C,;I1„N i.e. 


I >0^114. From valeric acid-\ou g.), di- 


phonylamine (30 g.) and ZnCl., (50 g.) heated 
gradually for 20 hours up to 220 ’ (Bernthsen a. 
J. Traubc, A. 224, 41 ; H. 17, 1508). 

Salts. — B'lICl [191°J : yellow columns, v. 
sol. water or alcohol, very dilute solutions show 
bluefiuorcsceiice. Insol^etlicr. — BHNO3 [139°]* — 
B'H2Cr04 [c. lOO^J. 

Dihydridc C,3n,^N(C,JI,,). [98“-100“J. Got 
by reducing the hydroclilorido with zinc-dust. 
White plates (from alcohol). 

BUTYLACTIC ACID v. Oxy-butyjiio acid. 


BUTYLAL v. BirrYnic alueiiydb. 


BUTYL ALCOHOL C,I1,„0. Mol. w. 74. The 
four butyl alcohols indicated by theory are 
known. 


?fc-Butyl-alcohol CH,.CH...CII..CIl.,On. (117° 
cor.). S.G. “ -8233 (Zander, Jl. 221, 79) ; f -8096 
(Briihl, .4. 203, 16). S.8-3. C.E. (O ’- 10 ’) *00087 
(Z.). fi,, 1-1010. S.V. lOL-6 (Sobiff, A. 220, 
101). 35-45 (B.). Critical point 287“ 

(Paulcwskyr B. 16, 2631). 

Occurrrnce.- In the Jioavy oils from brandy. 
It is conqdotely absent from the products of the 
fermentation of sugar with elliptical yeast 
(Claudon a. Morin, G. B. 101, 1187). 

* Formation. — 1. From buty ryl chloride, butyric 
acid and .sodium-amalgam (SaytzelT, J. p)r. [2J 
3, 76). 2. By tho fermonlation of glycerin by 
a SchU’oiiiycetes or by certain Bacteria in pre- 
sence of CaCOj and ammonium tartrate ; »i- 
butyrio acid and a little alcohol are formed at 
the same time (Fitz, B. 9, 1318; Vigna, B. 16, 
1138).— 3. A product of the reduction ofbutenyl 
alcohol (Liebcn a. Zoiscl, M. 1, 825). 

Preparation. — Fiom butyric aldehyde, 
water, and sodiuni-amalgam (Lichen a. Rossi, 
G. B. 68, 1561; 78, 1561 ; 151, 121; 158,137; 

165, 115; G. tl.2i, 516 ; Linncmann,.!. 161, 179). 

Properties. — Liquid. Separated by CaClj 
from aqueous solution. On oxidation it produces 
butyric acid. Fused ZnGL forms the two n- 
butylenes (Lo Bel a. Greene, G. B. 89, 413). 

Combination. - (C4HmO)3CaCl2 (Heindl, M. 

2, 200). f 

Iso-butyl alMhol (CH3).2CH.CH20H. (106-6°- 
106-8°) at 763*2 mm. (R. Schiff, A. 220, 102) 
(K)8“) (Linnemann, A. 160, 238). S.G. *8062 
(Briihl) ; -8069 ; ^ *8009 (P.). S. 9*6 at 18°. 

S.V. 101*63. ILF. p. 71,150. H.F. v. 68,580 
{Th.). 1*4007. R 00 85-41. M.M. 4*936 at 

17*7“. 

Occurrence . — In fusel oil from beet or pota« 
toes and other sources (Wurtz, A. Oh, [3] 43, 
129 ; A. 85, 197 ; 93, 107 ; Q. i?. 85, 810). 
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,yl ang^lateand isobatyrate occur in Botuan 

oil of chamoiQilc (K5big» 195, 96). 

Formation, — 1. Isobutylene combines with 
OIOH forming (OHJarCOl.OHjOH, which is re- 
duced by sodium amalgam and water (Butlerow, 

A, 144, 24). — 2. Isobutyl alcohol is nroduced by 
the action of Bacillus hutylicus fpon sugar, 
glycerin, &c.^ven in presence of 8 p.c. alcohol 
(Ordonneau, v. B. 102, 219 ; Claudon a. Morin, 
C. JSvl04, 1187). 

Properiies.—Jjiqwid . ; smelling like fnsel oil ; 
separated from its aqueous solution by CaCl.. 
The *rate of etherilication has been* studied by 
Mensohutkin {A. Ch. [/JJ 23, 11). 

Beactions. — 1. CrO, produces isobutyric, 
fWbtl^Igb^arbonie acids, and acetone (Kniiner, 

B. 7, 252T^chmidt, B. 7, 130i).’ -2. Distilled 
over zinc - dust splits up into isobutylene 
and HgO (Jahn, B. 13, 980).-3. Dropped 
upon fused ZnCl., it forms isobutylene and 
CH3.CH:CH.CH, (Le Bel a, (Ireene, Am. 2, 23). 
4. Heated with animoniacal ZnCl.^ at 200' -280'^ 
it yields a mixture of mono-, di- and tri- isobntyl- 
amine (the latter in snntller ipaantity), the yield 
of mixed bases amount' iig to liO to 70 p.c. of 
the alcohol used (Merz a. Gasiorowski, B. 17, 
623). 

Co7nhinations. — (C^H,oO) 3 CaCU (Tleindl, Af. 
2, 208). 

Metallic derivatives. — KOC,II„. — 
Na004H.,(C,H,„0)., (De Forcrand, (7. B. 101, 
169).— Al, ,(00,1.1,,)'.. [IBrj. S.G. i -0825 (Olad- 
stone a. Tribe, 0. J. 30, 0). From Al ( 1 g.), 
iodine {2g.) and isobutyl alcoliol 40 c.c. at 100 
The yield is goivl (10 g.). Once fused it remains 
long fluid at 70 \ 

Secondary butyl alcohol 
CH,.CH, . 0 ( 0113 ) 11 . 011 . MethyU I’yl-carhiiwl. 
Butylene lujilrnte. (99'^) at 740 mm. S.O. ^ 
•827 (Licben, .4. 150, 11.4). 

Formation. — 1. From ■)i-l)utylaminc by 
nitrous acid; at the sumo time some ;;-butyl 
alcohol is also formed (Linncmaiin a. Zolta J. 
162, 3; Meyer, B. 10, 130).— 2. By treating 
the compound of IICIO with isobutybmo, 
OH3.CII01.CH(OH).Cn.i, with sodium amalgam 
(Lieben, A. 151, 121). —3. By tlie action of zinc 
ethido on glycolic iodhydrin (lintlerow a. (D.so- 
kin, A. 146, 203). — 1. Symmetrical diehloro-di- 
ethyl oxide, (Cl I3.C MCI)., 0 is converted by ZnOt., 
into (CH3.CHEt),0, a butyl ether which, on 
treatment with III at 130^ gives secondary butyl 
iodide (Lieben, A. 141, 230 ; Kossel,^. 175, 11). 
6. Zinc otliide forms a crystalline compound 
with aldehyde, CIl.,.CnEt(OZnEt), which is de- 
composed by water into secondary butyl alcohol, 
ethane, and Zn(Oll),. (Wagner, J. R. 8, 37; A. 
181, 261). — 6. From formic ether by treating 
with a mixture of ZnEt., and ZuMc, and decom- 
posing the product with water (KanonnikolX a. 
Saytzeff, A. 175, 374) 

Se^ndary butyl iodide {q.v.) 
is treated with silver acetate ifid tlie proflnct 
saponified by potasli (Do Luynes, A, 128, 33^; 
132, 274). 

Properties. -Liquid with strong odour, ppd. 
from aqueous solution byKjCO^. 

Beactions. — 1. O.ridises to methyl-ethyl- 
ketone and acetic acid (HaytzetT, Z. 0, 327). — 
2, The pure alcohol is unaltered when heated at 
240®- 250° during 8 to IG hours in a sealed tube, 

VoL. I. 


but the presence of H trace of Hd, HBr, oi 
especially HI, is sufficl it to split it up, forming 
pseudobut^leno. Til ; reaction commences ai 
220° and is complete f I 5 ftr 6 hours (Bougaieff 
a. Wolkoff, Bl. [2] 45 / ^ 9). 

Tertiary butyl aw hoi (Cn.,) 30 . 0 H. Tru 
mcthyl-carhinol. [25°/ (83° cor.). S.G. ai-779 

(Linnemann) ; — *7' ; (Butlerow) ; ^ •78G ; 
=7’ -780 (Briihl); }- f830; H’ *7701 ff'erl^n). 
M M. 5-122 at 24-3°. ' l-3;i‘> l! B 35-53. CrU 

ticdl- point 235° (Pav owski. B. 10, 2034).' 

Formation. — 1. une jm^lhide (2 luols.) and 
acetyl chloride (.1 mol.) mixed at Ok form, 
after some h. .n , a erystulline com; ound, 
Cll.,.CMe(()ZnMe).\lc, which is ileooniposed by 
water into tertiary butyl alcohol, Zii(OJl).^ and 
CH, (Putlerow, A. Ill, 1 ; Wagner a. Sayt/.elT, 

A. 175, 301 ; PawlolT, A. 188, 1 18), - 2. Together 

with isohuty^alcohol by treating isobiityl iodide 
with acetic acid and Agd) (Limu iuann, A. 102, 
12; Butlerow, A. 108, 143).- 3. 1-rom isobutyl- 
amino and — 4. From isohntyl eyanate 

and KOII (Ijinneinann, A. 102, 12). — 5. From 
tertiary butyl iodide, {q.v.) and water, c.ven in the 
cold (Dobbin, C. J. 37, 238).— 0. A mixf lire of 
is-o- and tort- butyl cliloridcs is got by beating 
isobutyl alcohol with llCl ; wlicii lieated willi 
water (0 vols.) at 100 ’ tho chloride of /t’/•^batyl 
alcohol is tho only one converted into its alcohol 
(Prennd, J. jn’. [2j 12, 25). 

PreparatifOL — Li(piid isobntyleno is scaled 
up with twice its volume of a mix l ure of equal 
parts of water and snlphuric aci<l, .‘ind the con* 
t«‘nts are left till ]ionio;(en(M)iis and llien distilled 
(Butlerow, X. [2] 237 ; A. ISO, 2 l(i). 

Properties. - Tninetric prisms. Forms a 
• hydrate (C JI,oO).^ll.p which boils at 80^ (But* 
Icrow). 

Beactions. — 1. CiO;, mixture gives acdone 
together with acetic, carbonic and a little iso- 
butyric acid (TbiLierow, X. 1871,485). — 2. Heat- 
ing with aidiydrras Tb.O.t), prodii(‘(.>s butylene 
(Cabonrs a. D'.miarvay, C. ii. 81,^991). -3. When 
taken ii.t/'rnally it is excix'teil in the urine as 
bntyl-glyciironic acid C,„llmO, ('I'liierfelder a. 
]\I« ring, IT. 9, 511) which is (irconq'O.sed by 
boiling dilulo JICl into /cnf-bntyl alcohol and 
glycuronic acid. 

DI-ISOBUTYL ALDEHYDATE v. p. 105. 

ISO-BUTYL ALDEHYDE v. Isouutyrtc al.ob-^ 

nYDF.. 

ISO-BUTVL-ALDOXIM v. Psobutyuio alde- 

iiYim. ’ 

ISO-BUTYL- AMID 0- ISO-BUTYL - BENZENE 

CjTI,.NH.G,n,.C,ll,,. (200'’ 270 '). P’rom aniline 
hydrochloride (10 f%) a id i:.o - butyl alcohol 
(i3 g.) at 230° (Stiidcr, A. 211, 210 ; B. 14* 
1473). Oil. Does n d give tho curbaminc reacr 
tion . 

Ni tro.so -deriua live S.G. *991. Solidi- 

fies on keeping. 

Acetyl-derivat ioc.-^llV^]. (above 300°), 
Nei'dles (from benzoline).^ 

BUTYL-AMIDO-TOLUENE v. Methyl-butyl- 

PITFNYL-AMJNE. 

71-BUTYLAMINE C,U„NfT. i.c. rr.CIIj.NHy 
Mol. w. 73. (76°). S.G. ^ *755, - ^ -733. 

Fonnation.—i. I'k-om butyl cyunato and 
KOlTAq (Lieben a. Bossi, A. 158, 172; Meyer, 

B. 10,131).~2. From butyronitrile by reduction 

TT 
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(Linnemann a. Zotta, ^4, 162, 8). — 3. From 
uitrobutane, Sn and H( ! (Zfiblin, J3. 10, 2083). 

iVopcrto. — Misoibl 1 with water; dissolves 
freshly ppd. Cu(OH)| ai^. Ag.p. Reduces alka- 
line solutions of coi)pe“, silver, and mercury. 
Nitrous acid converts it vRo sec-butyl aicohol. — 
Platino-chlorido (Y..IICl).PtCl., : yellow 
crystal^ne plates, m. sol.r old water. 

(Primary isobutyl-amir e rr.CJr.,.NII.. (<18^) 
(R. SohilT, B. 19, 565). *730.* S.V. lOG-lG 

<S.). H.F. p. 38,160. ir^. V. 35,560 (Tli.). 

Formation. — 1. Ry distV'^ing potassium iso- 
butyl sulphate with potassiu^ cyanate and tio’at- 
ing tlTo product with KOTI (^^lirtz, ^1. 1»3, ]‘J4 ; 
Linnemann, A. 162, 23). —2. Ry heating iso- 
butyl bromiddwith alcoholic NIL, and separating 
the mono-, di-, and tri- butylaniines hy o.valic 
ether (lleimer, B. 3, 756; Hughes a. Rdincr, B. 
7, 511 ; Malbot, C. It. 101, 63, 228,'^ On heating 
isobutyl chloride with ammonia (molecular pro- 
portions) in isobutyl alcoholic solution or in 
aqueous solution very nearly similar re.-^ults 
are obtained ; namely one part of mono-butyl- 
amino, four of di-, and live ])arts of Iri-butyl- 
aminos (M.)* — d. Fonnoil, togetJier with di- and 
tri- isobutylamine, by Jicating isobntyl-alc.oliol 
with ammoniacal ZnCL, at 260 '-280^ ; the yield 
of mixed bases amounts to 50 -70 ]).c. of the 
alcohol used (Morz a. (lasiorow'ski, B. 17, 623). 

4. Ry reducing nitro-isohntanc (T)cmole, .1. 
175, 142). — 5. A mixture of equal niols. of valer- 
amide (ordinary) and bromine is run into an 
excess of a 10 p.c, solution of KOTT at 60^; the 
yield is 90 p.c. (Hofmann, B. 15, 769). 

Salts.—R'KCl. [IGO'^J. S. 133 at 15'^.— 
(B'IICl).PtCl4 : microscopic rhoTiibic tablets. — 
B'HAuCli. — y u 1 p h a 1 0 : caulitlowor-like groujjs 
of needles, not deliquescent. 

Secondary butyl-amine 

CH,.CH2.CH(NH,).CH3. (63^^). From dilute 
and scc-butyl thio-carbimido (from vola- 
tile oil of scurvy-grass) /(do>man, B. 7, 1289). 
Also from the iodide or cyanate (Hofmann, B. 
7, 513).-~B',II,L’tCl„. 4, 

Tertiary butyl-amine Mo,CNII. (46° cor.). 

5. G. -7155; -7001. C.R. (0°-7-8°) -0014. 
Formed together with isobutyhimino by the 
successive action of silver cyanate and aqueous 
KOI! on isobutyl iodide. Colourless ammoniacal 
liquid, attacks iiidiarubber and cork. Miscible 
with water, but separated by K.CO3 oi’ KOI! 
from its solution (Rraiiner, A. 192, 72 ; c/. 
Linnemann, A. 162, 19 ; Hofmann, 9. 7, 513). 

Salts. — B'HCl melts at [-70°-280°J and 
boils soon after. On solidifying it increases 
greatly in bulk.- (B'HCl).^tCl,. Large rnoiio- 
olinio prisms (froih alcohol). — B'HI. -R'HNO.,. 
Sulphate: six-sided ijrisins, not delique.scent. 

Di-w-butyl- amine fRr.CHJaNH. (160°). 
Formed, together with ?t-butylaminc, by treating 
butyl cyanate with KOH (Liebcn a. Rossi, A. 
158, 175). Converged by nitrous acid into 
primary and secondary n-butyl alcohols a^d 
n-butylene (Meyer, B. 10, 130).— 

Niiroso- derivative (C4H,)2N.NO. (236°cor.). 

Di-iao-bntyl -amine (Pr.CH2).2NH. (137°). 

Formed, together with mono- and tri- iso-butyl- 
amine, by heating iso-butyl alcohol with am- 
moiiiacal ZnCl2 at 260°-280°. The secondary 
amine is isolated from the mixture of bases 
(which amounts to 60-70 p.o. of the alcohol 


u^d) by means of its nitrosamine (Merz nL 
Gasiorowski, B. 17, 623). Prepared by heating 
iso-bulyl iodide os bromide with alcoholic NH, 
to 150° (Ladenburg, B. 12, 948). Butyl iodide 
(1 mol.) in the cold acta upon di-isobutylamine 
(1 mol.) forn,.ing di-isobutylamine hydrochloride 
and free trlViso-butylamine (M.). 

Salts.— B'HCl : plates or scales. S. 62*5 at 
15° ; S. (ether) -07 at 15°; S. (alcohol) *06 at 14° 
(Malbot, C. R. 104, 366). — B'2H,PtClc. — 
B'nClA'iCl.). Yellow tables, sparingly soluble 
in cold water. 

Nitroh<^. derivative N(NO)(CjH„)o. [0°]. 
(213 ’-216°). Oil. Prepared by the action of 
KXO.2 on a solution of di-isobutylamino hydro- 
chloride. 

Tertiary di - butyl-amine (C4HJI2NH i.e. 
(CMc;,).NH. From tertiary bntyl iodide and 
tertiary butylumiiio at 50’. But above 70° iso- 
butylene is given off: C.H.NH.iC.H,!---- 
C4H^ I- C,H.,Nn.,lH (liiidncw, BL [2J 33, 2'J9). 

Salt.— B'HL Very soluble in water and 
alcohol. Converted by potash, or even boiling 
water, into tertiary butylamine. 

Tri-7i-butyl- amine Mol. w. 185. 

(c. 213° cor.). S.G. y -791; *778. Froirin- 

butyl iodide and NH., (Lichen a. Rossi, A. 105, 
115).— B'.il.rtCI,. 

n-Buhjlo-iodide (0,11,,) jNI : plates (Lie- 
bcn a. Rossi, A. 165, 113). 

Tri - isobutyl - amino (PrCIIJ.jN. (185°). 
S.G. '^1 *785 (Sachtlcbcn, 7>. 11, 733). Formed, 
together with mono- and di- iso-butylamino, by 
heating* isobutyl alcohol witli ammoniacal ZnCl,, 
at 2(i0°-28()°. The tertiary amine is isohitc«l 
from the mixture of bases (yield 50-70 p.c. 
of tlie alcohol) by means of its sparingly soluble 
feiTocyanid(^ (IMorz a. Gasiorowsbi, U. 17, 023). 
Also from di-iso-butylamine and isobutyl bro- 
mide. Also from isoljutvl iodide (1 mol.) and 
N]:I.,Aq (1 mol.) at 160° (Malbot, G.R. 105, 675). 
Hoys not mix with water. With isobutyl bro- 
mide it gives off butylene and forms tri-iso • 
butylamine hydrobromido (Kcimer, B. 3, 757), 
Isobiityl iodide (I mol.) at ISO’ forms hydriod- 
ide.s of di- and tri-isobutylaniino and butylene 
(M.). Isobiityl chloride (L mol.) at 170° gives 
puro di-isobutylainine hydrochloride and butyl- 
ene. 

Halts.-B',nCl, B',IIN03 and B'.2,H2S04 are 
extremely soluble. — (B'llCl)2plCl4 orange plates, 
sol. hot water. — B'JlClAuCla: amorjihous, iusol. 
water. 

Tert - BUTYL - Wt - AMYL - AMINE 

(C,H„)(CJI„)NII. The iodide of this base is 
formed by the slow action of tertiary amyl 
iodide on tertiary butylamine in the cold. It is 
very unstable, being decomposed by solution in 
water (?) (RndnelT, JU. [2 ] 33, 297). 

n - BUTYL . ANILINE C.^Hi^N i.c. 
CJT3.NHC4H.J. (235° at' 720°). Colourless oily 
fluid. Easily vilatilc with steam. 

^ Salts. — B'lICl : very soluble white needles. 
— B'HNOa’*: easily soluble.— B'jHoSO/ : easily 
soluble fine white needles. 

Acetyl derivative C„Hj.N(04H5)Ac ; 
(274°) at 718 mm., colourless fluid. 

Nitrosamine C„Hi.N(C,HJNO : yellow 
fluid ; easily soluble in alcohol and ether, iii' 
soluble in water (Kahn, B. 18, 3365). 
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Isobutyl-aniline Pr.CH 2 .NHPli. (242"^) (a.); 
,'226°) (N.). S.G. -926 (G.). From iaobutyl 
bromide and aniline (Gianoftti, G. 12, 268). — 
B'HCl.— B'HBr. -B'HI. 

Acetyl derivative (267°) ^ (Nolting, J* 
1883, 703). \ 

p-Nitroso- derivative 

• .NILCTT.Pr 

[4a] C«H,(NO).NIICn,Pr or C,n,<Q j >0 

[94°]. From isobutyl-anillno, TICI, and NaNO^ 
(Wacker, A. 243, ‘297). Slp.«;l-blue v. sol. 

alcohol, 5?l. sol. water. Tlcaciions.-^. Itcdiictioii 
gives iaobutyl-phcnyU-no diamine.— 2. Tlio chlor- 
AtIe>i^Jcd with a(]iicous NaOJI gives iso-hntyl- 
' aminefflfc^^-nitroso-phenol. — 3. lIClandNaXO. 
give a riitrosumino CJI,(NO).N(NO).CH.,rr 
crystallising in bright green plates, v. sol- 
alcohol and ether, insol. water. 

Di-isobiityl-anilino (PrCILloNrii. (c. 218 ’)• 
From aniline and isobutyl bromide (Studer, A. 
211,235). 

DI-BUTYL-ANILITW:-AZYLINE v. Di-hiityl- 
amidoAjt'n.:enc-\7A)-<ll-hul id-afiiluie. 

BUTYL-ANISOL v. Mdhyl ether of Butyl- 

PHENOL. 

ISO - BUTYL - ANTHRACENE le. 

I [o7°J. Fluorescent 

\CH / 

noodles, rrojiared by the action of zinc-dust, 
isobutyl bromide and NuOlI on anthraquinone 
(Liebcrmann a. 'robias, Ti. 11, .892; A. 212, 
107). Tho picric acid compound forms 
long brownish-red needles. 

Di-hyaride Frojn 

isobntyl-oxanthrauol. III, and P (ij.). Oil ; oxi- 
dised by CiOs in HOAo to isobntyl-oxanthranol 
and finally to anthra(iuinone. 

BUTYL-ANTHRANOL-DIHYDRIDE 

[72°j. From at.Jira- 

quinone, acpioous NaOII and zinc-dust, l)oiled 
for some time and tiien iso-butyi bromide added 
(Liebormann, A. 212, 103). 

ISO-BUTYL-ANTHRANYL CHLORIDE 

pared by tho action of PClj on isobutyl-oxaiithra- 
nol (Liehei inann a. Walder, JJ. 14, 463). 

n-BUTYL-BENZENE CJl,, i.e. CJL.CUJ^r. 
Phenyl-butane. (180 ). S.G. -- ■•862. Prom 
7l-propyl bromide, benzyl chloride, and 
(Radziszewski, B. 9, 260). Also from 7i-butyl 
bromide, bromo-benzene, and Na (lialbiano, B. 
10, 296). 

Bromination. — By tho action of bromine in 
, the dark, or in presence of iodine, the product 
is probably a mixture of o- and p- hromo-butyl- 
benzene. By tl. '' of broniRie in direct sun- 

shine, the substitution takes p^ice in the 7- posi- 
tion of tho side-chain giving C,;H.,.GriBr.C;,ri, 
or OflH5.CBr.MC3H,. If the 7.mono-brorno-(fbri- 
vative is further hrominuted in the dark at 100° 
the second Br atom probably enf'^rs the )8- posi- 
tion, tho product being identical with the butyl- 
fine-benzene-dibromidc [70°] of Radziszewski 
(Schramm, B. 18, 1275). 

ISO-BUTYL-BENZENE OA.CH.Pr. (167°). 

S.G. 2 .880 (G.); -858 (R.). V.I). 4*72 (G.). 


Formation, — 1. Fr m isobutyl bromide, 
bromo-benzene 'and 1 'a (Biess, B, 8, 779*, 
Wreden a. ZnatowiczJ 9, 1606). — 2. From 
benzyl chloride, isopro! yl iodide, and Na (Kohler 
a. Aronheim, J?. 8,5'/ )). — 3. By the action of 
50 g. iso-butyl clilo;'/ lo on 150 g. benzene in 
presence of about ,g. Ab.d, (Gossin, BL [2] 
41, 446). — 4. By lie," mg honzene wdth^isobutyl 
alcohol and ZiiCl.^ 1 loldsehmidt, B. 15, M)66), 
5.«J5y distilling -m- ;r p- i.-^ohulyl-henzoio acid 
with lime (Kelbc a .’i. lifer, B. 19, 1728). 

Properl itH.—C' .ourle/.s li<iiiid; CrO;, oxidises 
it to benzoic aeh Passed over red-Jiot PbO it 
forms naplithale e. 

,Scc-butyl-benzcn0 CH3.CIT,..crr{C,TT ).CH.,. 
(171^^). S.G. -873. From 'C,f [,.CIlBr.CH, 
and ZnBt. (ftadzi'^zewskv, B. *), 261). 

(a)-?i-BUTYL-BENZENE SULPHONIC ACID 
G,;H,(C1T..P^S( 1,1 1. I'onneil by sulphonating 
7/-hutyl-benzene (Balhiaiio, G. 7, 3 13). -BaA'a : 
small lamime, rd. sol. cold water. — ZnA'M7aq. — 
Pb A M aq.— ]\In \!., t >; u j . 

(/8)-7i-Butyl-beiizene sulphonic acid. Formed 
at tho same time us the pn'ci'<ling (B.). — 
Ba.\V2aq : nodules, more soluble than the Ba 
salt of the (a)-acid.— 19 j.V'/2:l({. 

/■■:o-Biityl-ljcnzene-siilphoijic acid 
Cfl’H,(CJl,,).S( ),1 1. P’oriiu'd by .‘'uI]»honation of 
isohulyl-benzeue. A'J)a2a(j : glisletiijig platc.s. 
— A'K aq : ] dales. 

.4mi(Zc cy£,{C,TT„).SO,NH,: [137"]; glisten- 
ing needles (Kell)(3 a. PfeiJ'l’er, //. 19, 1728). 

BUTYL BENZOATE r. p. 170. 

BUTYL BENZIMIDO-ETHER v. p. 479. 

ui-ISO-BUTYu-PENZOIC ACID 
C, , H, (C^iy 00,11 [1:3], [127 'J. Long stout 

ni.edh'S. Formed by oxidation of 7n-isobutyl- 
tolueno with dilute ITNO.,. By further oxida- 
tion w'ith dilute UNO., at 170 ' 2()()'’ isOt-Jiihalic 
acid is formed 0 ives a nitro- deri vutivc [140°]. — 
AgA': wliite ,>p. 

Amide C..11,(0,:^„).CON1I,: [13O'n;hair.rin0 
iieedl^'^ from water (Kelho a. Preilfer, B. 19, 
1725). 

27-Isobutyl-benzoic acid OflII^(C^ni,).CO„H 
[1:41. [164°]. 

Formation. — 1. By oxidation of p-isobutyl- 
tohieno with dilute UNO.,. By further oxidation 
with dilute UNO., terephthalic acid is formed 
(Kclbe a. Pfeiffer, B. 19, 1725). 2. By saponifica- 
tion of its nitrile (Pahl, IJ. 17, 1237). , 

-l\lono(’iinio crystals; gives a 
nitro- de.rf at'vo [It 1.°]. 

Salts. — AgA' : whitn floeeulent pp.— 
BaA',.Taq : ])lates, sol. hot water. - CaA'j.'raq: 
si. sol, cold water. 

Amide 0^11, (CJl.VCO Nil,; [171°]; long 
hair-line needle.s {f' om water). 

Methyl ctlu.r McA' : (247°); oil. 

Nitrile C.ll ,(0yi,.).CN. (219°) (G. a. M.); 
(214'^) (K.) ; (238-) (P.). V.D. 5>47 (obs.) (K.) ; 
5*35 jobs.) (P.). Colouiioss oil. Formation. — 

By distilling the formyl derivative of isobutyl- 
jdionyl-amine w'itli zinc-dust ; the yield is about 
12 p.c. (Gasiorowski a. Meuz, B. 18, 1009). — 2, 
By heating p-isobutyl- phenyl- thio-carbimida 
with coi)per powder at 200° (Pahl, B. 17, 1236). 
3. Formed by heating tri-isobutylphenyl-phoa* 
phate with dry KCN (Kreysler, B. 18, 1707). 

ISO-BUTYL-BENZOYL-ACETIC ETHEB v, p. 
482. 
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ISO-Btrm BOBA^ B(OOA),. (2t2®). 
Formed by heating with isobutyl alcohol 
/or 8 hours at 170*^1 liirns with green flame. 
Iiisol. water and slovliy decomposed by it 
(Councler, J. pr. [2] 18 ,k 82). Not acl^d upon 
by ammonia. \ 

n-BtJTYL BROMIDE i.e. 

CH,.CIt.CH,.CH,Br. (lol ’ cor.). S.G. 1*305 ; 

1*299. From w-butyA alcohol, Br, and P 
(Liebcn a. llossi, J, 154,101). With lii» at 
150'’ it gives CJI^Br., (IW’) (Linnemann, A. 
161, 199). With bromine I containing iodine 
at 2j50*’ it reacts thusV «G,If.,Pr -» 8Br..- 
2C,Br; + 9nBr (Merz a. Weitl> B. li, 2*211). ‘ 
Iscbutyl Ijromide Pr.CiI...Br. (92'^) (L.); 
(91°) at 758 mm. (Hcfiill, B.*19, 503). S.G. 
1*2722; ?? 1*2598 (Perkin, G. 45, 457). S.V. 
110*39. M.M. 8*003 at 10° (P.). From the alco- 
hol and III or P and I (Pierre a. Pfcchot, J. Ph. 
[4] 13, 9; Wurtz, A. 93, 11 1 ; Chapman a. Smith, 
C. J. 22, 153). At 220° it partially changes to 
tertiary butyl bromide (EltokolT, B. 8, 1211). 

Tertiary butyl bromide Ci\re.,[. (72°). 

S.G. so 1-215 ; 1*2020 ; ^ l*l89i V.B. 1*7 

(obs.). MAI. 8*2.38 at 18°.*” From isobulylonc 
and riBr (Hoo/eboom, B. 11, 2390). From 
tri-methyl carbinol and PBr^ (Keboul, C. It. 93, 
69). 

Brar[J()iis. — 1. Beadily decomposes into HBr 
and isobutylene. Tiiis occurs when it is troaled 
with Ag.l), with KUO, with NKt.„ or with Zn 
and water (Butlerow, Z. 1807, 302). — 2. With 
ZnO it forms tri-isohutylene, Cj.Jl.,,-— 3. Witli 
water, even in the cold, it forms tertiary butyl 
alcohol. »■ 

BUTYL BUTYRATE v . Butyjiio acid. 
ISO-BUTYL CAREAMINE C,II,NC. (c.ll0°). 
S.G. ^ *787. Preparation and properties like 
those of ethyl carbeminc. TiCss readily attacked 
bv HCl ihiui etliyl carbarn iiie*((hintier, A. 152, 
221 ; Bl. [2] 11, 211 ; [2] t\415). 

n - BUTYL CAREOFilTE (Pi*Cn,),CO:,. 
(207° cor.) at 710 mm. S.G. “ *941 (Lieben a. 
llossi, A. 105, 112). 

Isobutyl carbonate (Pr.ClL)..CO;,. (190° 

eor.). S.G. -- *919. From isobutyl iodide and 
AgoCO., (Do Clermont, A. Ch. [3] 44, 330). From 
isobutyl alcohol and CyCl (Ilumann, A. Ch. fH] 
44, 340). From sodium isobutylate and chloro- 
picriu (Bitso, A. 205, 253; cf. Wurtz, A. 93, 119). 

Isobutyl-ortbocarbonate (PrCTL^O)4C. (245° 
cor.). S.G. *900. The ^hief product of tlie 
action of chloropicrin on sodiiVm isobutylate 
(Bmse, A. 205, 253). 

BUTYL-CHLORAL v. TKi-cnLor.o-uuTyKio 

ALDEHYDE. ' 

71.BUTYL CHLORIliE C.R.Cl i.c. 
CH5.CII..CH2.CII,C1. Mol. V 92*5. (78° cor.). 
S.G. 2 *907; •897 (liinncmann, A. 101, 107). 

5. V. 114*3 (Bainsay). From «-butyl alcohol and 
IICl (L. ; cf. Liebei^ a. Bossi, A. 158, 101). 
From 7i-butane and ciilorine (Schoyen, A. 13^, 
235). 

Isobutyl chloride (CH3),CTI.CH.,C1. (09°). 

6. G. *880 (Linnemann) ; *8830; ^ *8739 

(Perkin, C. J. 45, 455). M.M. 0*114 at 21°, 
H.F. p. 45,370. H.F. v. 43,050 {Th.). S.V. 
114*20 (B. Schiff, B. 19, 502). From isobutyl 
alcohol and HCl or PCI5 (Wurtz, A. 93, 113; 
Pierre a. Puchot, 0. B. 72, 832). 


* Tertiary butyl ohloride 
S.G. -8471 ; U -8868. M.M. 6*267 at 15\ 
Fomiatwn,-~¥, By action of chlorine on 
(CfIg) 3 CH (Butlerow, J, 1864, 497). — 2. By heat- 
ing i8obutyle;;ie, (CHs)gC:CH 2 , with cono. HCl at 
100° (Salesjfey, A. 165, 92 ; B. 6, 480 ; Le Bel, 
BL [2] 28, 462 ; Puchot, A. Ch. [5] 28, 649).— 

3. From tri-methyl-carbinol and AdCl or PCI5.— 

4. From isobutyl iodide and ICl (Linnemann, 

A. 162, 18). 

Properlies.-~-Wii\i water (5 vols.) at 100° it 
is readily cauverted into tertiary butyl alcohol 
(Butlerow, A. 144, 33). It partakes, therefore, 
somewhat of the character of an acid chloride. 
BUTYL-CHLORO- v. Ciil()uo-butyi^ “ 
BUTYL-CINCHONIC ACID v. Bfr^QUiNO- 

LINE-CAUnOXYLIC ACID. 

BUTYL-CRESOL v. METiiYL-nuTYL-pnENOL. 
ISO-BUTYL CYANATE Pr.CiL.N.CO. (110°). 

From isobutyl iodide and silver cyaiiate (Brauner, 

B. 12, 1877). 

Tertiary butyl cyan^to (CIT,)gC.N.CO. (86° 
cor.). S.G. ^ *8676. The chief product of tho 
action of isohulyl iodide on silver cyanatc (B.) 
BUTYL CYANIDE v. Valedoxitkile. 
n-BUTYLENE C,H, i.e. CH:,.CH,.CH:CHj. 
Vinyhelhanic. EtliyhetUijlcnc. Mol. w. 66. 
(c.- 4°). Occurs in the oils deposited from 
compressed co.al-gas (Colson, Bl. [2] 48, 62; 
a. B. 104, 1286). 

Formation. -1. Byboilingn-butyl iodide with 
alcoholic KOll (Grai)owsky a. SaytzelT, ^.179, 
325 ; Lichen a. Bossi, A. 158, 164). — 2. From 
hromo-ethylcne and ZnKt„ (Chapman, G. J» 
20, 28; Wurtz, i2J 5, 407).— 3. Together with 
sreondary L'ltyl aleoliol by the action of HNOj 
on n-hutyl-amine (Mc'yer, /J. 10, 136). 

(las. Forms with Br a dibro- 
iiilde (167°). HI forms ClL.ClL.CITI.CHg. 

il^-Biityleno Cl r,.CH:Cir.CH.,. {p)-Butylcne, 
s-Dj-mcthyl-cthylene. (1°). 

0(Y:irrcncc\—ln the oils from compressed 
coal-gas (Colson, G. E. 104, 1286), 

Formation. — 1. From socomlary butyl iodide 
and alcoholic KOIT, Ag,/) and water, or AgOAo 
(Do Luynes, A. 129, 200 ; 132, 275 ; Lieben, A. 
150, 108 ; 151, 121). — 2. Together with isobu- 
tylene by distilling u- or iso- butyl alcohol with 
ZnCl, (Nevole, BL 24, 122 ; Le Bel a. Greene, 
Am. ‘2, 23 ; BL [2] 20, 30C).~3. By heating 
secondary butyl alcohol.— 4. From Mel, ally! 
iodide, and Na, small quantities of the two 
'Other butvlenes being also formed (Wurtz, BL 
[2] 8, 265; Groshointz, BL [2] 29, 201).— 6. 
I1..SO, acting on isobiityl alcohol forms (1 vol. of) 
CHg.CHiCH.CH, and (2 vols. of) (CH,),C:CHa 
(Konovaloff, BL [2] 34, 333 ; cf. Puchot, A. Ch, 
[5] 28, 508). — 6. By boiling isobutyl iodide with 
PbO (EltekoU„BL [2] 34, jM7). 

ProperiPs.—Go.^. Br "gives CJIgBr^ (166°- 
159°). HI give4'CTTg.CH,.CIILCil3. 

« Isobutylene (CTl 3 ) 2 C:CH 2 . u~Di-m ethyl-ethyl- 
ene. (-6°). S.G. *637 (Puchot). ILF. p. 
10,660. H.F.V. 8920 (Th.). V.D. 1*93 (calo. 
1*94). Occurs in tho oils obtained by compress- 
ing oil-gas (Faraday, T. 1825, 440) or coal-gaa 
(Colson, BL [2J 48, 62 ; cf. Prunier, Bt. [2] 19, 
109), 

Formation.—!, By electrolysis of potassium 
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ralsrate ’ (Y >lbe» A', 69, 269).— 2. From sec- 0 t I 
tert- biityl alcohol and HjjS04 or ZnOl* (Wurtz, 
V. 107; Konovalofl, Bl. [2] 34,333; heiJ 
A. 196, 117; Puchoii; A. Ch. [6] 28^, 
508; C. R. 85, 767; ScheschukojGf, Bl [2] 45, 
181 ; cf. Nevoid, Bl [2] 24, 122).-%^. Together 
with ethylene and propylene by passing fusel 
oil through a^red-hot tube (Wurtz, A. 104, 241); 
Butlerow, A. 145, 277). — 4. From iso- or tert- 
butyl iodide and alcoholic KOH (Dc Luynes, 
C. 66, 1175 ; A. Ch. [4] 2, 385; Butlerow, .1. 
144, 19 ; Z. [2] 6, 230). — 5. By heating di- 
methyl-acrylic acid to 210°-220 ' (hiring 25-30 
hours (Gorboff a. Kessler, Bl [2) 41, 392). 

Pre}}aralwn . — Isobutyl iodide is run into 
hOilid^^holic KOII and the gas collected. 

Propcr^(%.— Gas, si. sol. water, v. sol. alco- 
hol, V. e. sol. ether and IIOAc. 

Reactions. — 1. Cone. HCl at 100° forms tert- 
butyl cliloride. — 2. Cone. HI aej absorbs it, form- 
ing tert-butyl iodide and tri-methyl carbiiiol 
(Scheschukolf, BL [2J 4G, 823). -3. Cone. 11,80^ 

3 pts.) mixed with water (1 part) absorbs it, 
and on diluting with \^hter and distilling tert- 
butyl alcohol is got. H (5 pts.) mixeil with 
less water (1 pt.) forms much dodccylene.— 
4. Br in CS.. forms C,H,Br, (148°) and Cdl-Br, 
(173°-183°) at 235 mm. (Nevol4, G. R. 83, 65 ; 
Norton a. Williams, Am. 9, 88).-- 5. IICIO forms 
a ohloro-butyl alcohol (137°) (Butlerow, A. 144, 
1; Z. [2] 6, 230; Henry, BL[2] 20, 23). -0. 
CrOg gives acetone, oxalic acid, acetic acid, Ac. 
(Zcidler, A. 197, 251).— 7. Cl forms isobutcnyl 
chlorides CJI,C1 (Scheschukoff, J. It. 10, 488). 

Gomhumtions, — (CJIh)oALCIu. F rom ethylene, 
Al.,Clg, and IICl (Gustavson, J. B. 10, 97). — 
(0;ilH)gAl,Br« : oil. S.G. 5 2-1. V. p. 147. 

BUTYLENE ALCOHOL v. Di r t-butane. 

BUTYLENE DIAMINE CJIi^N, | 

•>. 04Hg(NH2)o (?). (above 140°). From ethylene 
cyanide, tin, and HCl (Fairley, C, J. 17, 302 ; 
could not be obtained by Ladenburg, B. 16, 1150, 
or Lollmann a. Wiirthner, A, 228, 22C). — 
B'jHjPtClg. 

BUTYLENE BROMIDE v. Di-BuoMO-nuTANE. 

BUTYLENE TRI-CARBOXYLIC ACID 

CHg.CH:C(CO.,H).Cn(CO,H)g. Ethylidene- 
ethmyl-tri-carboxylic acid. [185°]. Formed by 
the action of o-chloro-crotonio ether upon sodio- 
malonic ether, and saponification of the product 
(Hjolt, B. 17, 2833). V. sol. water, m. sol. 
ether.— A'"Ag3 : flocculent pp. — A^'^^Ca.,* and 
A^'jjBaj easily soluble powders. 

Mono-ethyl ether A"'H,Et 3aq : [70°]: 
large triclinic crystals, a:6:c = ’Olll:!; •7553.-» 
A"HgEtaq [145°]. 

Tri-ethyl ether EtgA'". (280°). 

BUTYLENE GLYCOL v. Di-oxy-butane. 

BUTYLENE GLYCOL CHLORHYDRIN v. 
Chlobo-butyl alcohol. 

BUTYLENE AMINE C.H.gNg. [173°]. 

Formed by heating guanidine ijovalerate at 225°, 
Trimetrio needles, m. sol. cold water. Convened 
by oono. H^SO^ into butylene guaiiail!ide 
O-HiiNgOg, whence HNOg forms cyanurio acid 
(Bandrowski, B. 9, 240). — B'HCk — B'AgNO*. — 
B,HgS04. 

BUTl^ENE HYDRATE v. ^Scc-Buiyl alcohol. 

BUTYLENE NITRITE (?) C4HgNg04. From 
iaobutylene and cono. HN 0, (Haitingcr , M. 2, 287). 


643 

Butylene nitrite (?)i ^^96°]. Formed by boil- 
ing petroleum of Tifiisl )ith HNOg (Beilstein i« 
Kurbatofif/B. 14, 1621) J ; 

IS,'.BnTTtSNE oxiSe 

(52°). 8^. 2 •8311, Fr.im isobutylene with suc- 
cessive i. '../incut with .1010 and koil (Eltekoff, 
rtL..y]‘ 23; J. It. 1 , 308). Water, at ordinary 
teinperatures, unites With it, forming*di-gxy- 
butane. 

^Butylene oxide (57°). S.G.« 

•8314. Formed sin, il a rly from C1T.,.C]I:CH.C11, 
(E.). Water jOO ’ forms di - oxy - l'•.lano 
CIl,.CJT(()H).Cllf /U).CH,. 

BUTYL ENNYL KETONE C,JI..,0(?) or 
C,lh,.CO.C,H«(C,H,,). Amyl vaJrronc. (209°). 
S.G. — *845. From CO on sudimn amylate, 
NaOC,II,„ aL100° (Gcutln'r a. Fr.ihlieh, .1. 202, 
301). Ijiciuid, do(^s not combine with NallSOg. 
BUTYL ETHER v. Butyl oxidk. 
BUTYL-FORMIC ACID v. Valkuic acii>. 
BUTYL-GLYCERIC ACID v. Di-oxy-butykio 
Acin. 

BUTYL-GLYCIDIC ACID v. Di-oxy-butyiiio 

ACII>. 

BUTYL GLYCOL v. Di -OXY-BTITANE. 
BUTYL-OLYOXALINE C.H.,(C,rr,)N,. Ghj- 
oxal-amyline. [121°]. (274°). Flat needles. 

SI. sol. water. Prepared by the action of valeric 
aldehyde-ammonia on glyoxal (Kadziszewski, J5. 
16, 747 ; 17, 1291). Br forms C,lI,„Br,N., [158°] 
and C,H,BrgN., [217°]. 

Salts. — li'HCl [136°]. — B'HBr [100°].— 
B'lTgCg04 [190°].— B',H.PtCl,. 

ISO-BUTYL DIGJANIDE C,II,gNg i.e. 
C.HgNj,(C4H9). The sulphate of the copper 
derivative Cu(CuH,4N,)2lLS(),, is formed by the 
action of aiiuoous CUS64 and isobiitylamine 
on dicyandiarnido at 100° (Smolka, M. 4, 815). 
Alkaline syrup, aosorbing COj from the air. 

Salts. — ir./I.2S04liaq. S. 26-3 at 16°. 
Colourless transparent leaflets, — B'HgSO, l’,aq. 
— B'HCi. [216°]. S. 40 at 16°. — B'2aCl. 
[194°]. Deliquescent.— B'.H.FtCl„aq : golden 
four-sided tables. — B'2H2Cr04 aq. — B'2H._.C204. 

Metallic derivatives CufCgHuNJg : 
silky red needles, si. sol. water, sol. dilute acids. 
— Cu(C„H,4N.)2 2 HN 03 . — Cu(CJlHNg)2H,Cl2aq. 
— Cu(CgH,4Ns)2H2S04 : carmine-red grains. S. 
•26 at 18°.— Cu(C«H,,N,)2H-^304a(i : pale red 
grains.- Cu(CeII,4Nj2ll2S04 3aq : light rose-red^ 
crystals. , 

n-BUrxL HEP lYL- OXIDE C4n.j.O.C,H,g. 
(205-7°). S.G. g *8023. S.V. 271'3. C.E. (0°*10°) 
•00097 (Dobrincir, A. 243, 8). 

BUTYL-HYDRO-ANTFRANOL v, Butyl- 

ANTHKANOL PIlIYBarDE. 

ISO-BUTYL HY^OPHOSPHATE (C4H„)4P.^Og. 
S.G. 1-125. From isobutyl iodicie and 
Ag,P.A at 140° (Sanger, A. 232, 12). OU. De- 
composed by hot water. 

Iso-butyl-hypophosphAte of barium 
7c,H.,)BaHP.20g 5aq. Needles. 

BUTYLIDENE-ACETO- ACETIC ETHER 
p. 24. 

ISO-BUTTLIDENE-AMIDO-BENZOIC ACID 
C.jH.gNOg i.e. Pr.CH:N.aH4C02H. [145°-160°]. 
From amido-benzoio aciii and iso-butyrio ald& 
hyde (Sohiff, A. 210, 114). Slender needle*, 
decomposed by cold dilute alkalis. 
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TRI-ISO-BUTYLIDENE DI-AMINE. 


TBI-ISO-STrnrUDEIlfc DI-AKINE v. Hydro- 
butyramide under IsodoJikic aldehyke. 


ISO-BtriYLlSENE C]|10BISEv. Di-ciilobo- 

180BUTANE. | 

ISO-BUTTLIDENE 

V. Dl • PHENYL - ISOPROP YLt METAPYRAZOL f TETRA- 
HYDRIDE. . 


THYLENE- ANILINE 


7^. BUTYL IODIDES I CH3.CH...C1I.,.CH.,.I. 
Mol.. w.<^ 184. (131^ cft\). S.G. I’Cl? 

(Briifil); g 1-C476. B.V. ffi8-2. C.K. (O^-IO^ 
•00098 (Dobrinor, A. 213, »). 1-510. 

64*47. Prom n-butyl alcoHol and III (Linne- 
marm, A, Ifil, 19G). ICI3 It 260° acts on it 
thus .'<1. CJI«I -h IIICI3 = 20Xlt+ DHCl + 12IC1 
(Krafft, B. 10, 805). \ 

Secondary v-butyl iodide CH.,.CII,.CHLCH.,. 
(118°). S.G. 1*020; 1*5‘)2 1*579 

(Lieben) ; ® 1*032 ; 1*000 (Luynes). V.D. 

0*0 at 20° (obs.). Formation.— 1. By distilling 
ery tlirito with III (Do Luynns, A. l25, 252 ; HI. 
2, 3). — 2. From ethyl-chloro-elhylic ether 

OH3Cl.CEtn.O.Et and HI at 140° (Lieben, 
A. 150, 87). — 3. From ?i-butylcne and HI 
(Wurtz, A. 152, 23). 

Isobutyl iodide (CIT,),CH.C1IJ. (120°). 
S.G. Y I'COO (Briihl) ; i? 1*0139, .:•’ 1*0007 (Perkin, 
C. J. 45, 402). 1*500. 54*41. S.V. 

128*28 (Schill, B. 19, 504). C.E. (0°- 20°) ‘OHO 
(Braunor, A. 192, 09). M.M. 12*199 at 19*4°. 
From isobutyl alcohol and HI. Distils con- 
etantly with 21 pts. water at 90° (Piorro a. Puchot, 
C. B, 74, 224). Treated with AgNCS gives a pro- 
duct, (CII.,)3CH.CH3NCS, which on saponifica- 
tion yields isobutylaminc and, in greater quan- 
tity, tertiary butylaminc (B.). Heated with lead 
oxide it yields pseudo-butylclie besides iso-butyl- 
ene (Eltekoff, Bl. [2] 34, 347). 

Tertiary butyl iodide MoaCI. (100°). S.G. ^ 
1*671. Formation. — From tertiary butyl alcohol 
and HI. 

Frcparation.—Hy passing i?obutyknc 62. u.) j 
into fuming HI, cooled with icotand well shaken 1 
(Markownikoll, Z. [2] 6, 29j! ! 

lieactions.—l. If tlie iodide (20g.)be shaken j 
with water (30 g.) for two days it dissolv^^s, being j 
converted into the alcohol : Me.,CI -1 - 1I..0 j 
MejC.OH-hHI (Dobbin, C. J.‘67, 237).— 2. With ! 
dry ZnO it forms tri-isobutylene —3. With 
sodium it forms isobutylene, tri-isobutylene, and 
hydrogen, with small quantities of a hydrocarbon 
not absorbable by H.BO^ (Dobbin). — 4. Moist 
Ag.^0, Zn and water, and AgOAc, form iso- 
butylene (Butlerow, Z. [2J 0, 237).«r-6. With 
MeOII at 100°-110° it gives *MeI #Jnd trimethyl 
carbinol (Bauer, A. 220, 103).— -0. With MeOAc 
at 110° it forms isobutylene, HO Ac and Mel, 

DI-BUTYL-KETINE v. Di-metuyl-pi-butyl- 

PYRAZINE. 1- 


DI-ISOBUTYL KETONE i.e. 

C,Hj.CO.C,Ho. Valeronc. Mol. w. 142. (182°). j 
S.G. 20 -833. Formed, in small quantity, by 1 
distilling calcium valerate (0 pts.) with CaO , 
(Ipt.) (LOwig, P. 42, «*12; Ebcrsbach, .4. 100,, 
208 ; Schmidt, B. 6, 600). Does not combine 
with NaHSO.,. I 

DI-ISOBUTYL-KETONE-SULPHONIC ACID 
0*H8(HSO,)— C0-0,H,(HS03). The sodium 
salt is formed by leaving phorone in contact with 
a saturated solution of NaHSOg for 2 or 3 weeks. 
It forms colourless prisms (A''Na324aq) : soluble 
in water and alcohol (Pinnar, B. 15] 693). 


PUTYLLACTIC ACID v. Oxy-bdtyrio acid. 
BUTYL-LUTIDINE v. Di-methyl-buiyl-pybi 

DINE. 

n-BUm-MAlIbNIC ACID 0,H,A le. 

C,H„.CI1 (COj{H). 2. [101°]. Prepared by saponi- 
fication of ^he nitrile CJI„.CH{CxN).CO,Et 
obtained by mo action of KCN on chloro- 
hcxoic-cther. Thick prismatic crystals. V. sol. 
w'atcr, alcohol, and ether. It gives a reddish- 
violet colouration on warming with II.SO,. At 
about 150° CO^, is evolved and it is converted 
into caproic acid. 

Salts.- 4 ."Ba : white plates. S. 2*98 at 24°. 
— A"Pb : very sparingly soluble white glistening 
plates, S, *011 at 20°. A"Cuaq: blue glisten- 
ing plates. S. *080 at 22°.— fA"Ag._. LjMnt? pp. 
S. ‘119 at 23° (Hell a. Lnmpp, B. 17, 2217). 

Isobutyl-malonic acid PrCH,.CII(CO.,H)2, 
[107°]. From its ether (Hj('U, J. 1882, 875). 

Ethyl ether EtA". (225°). S.G. *983. 
From sodium malonic ctlior and isobutyl iodide. 

n-BUTYL MERCAPTAN C Jl.SH. Mol. w. 
90. (98°). S.G. *858 ; If *843 (Saytzoff a. 

Grabowsky, A. 171, 25? ; 175, 351). HNO3 
gives butane sulphonic arid. 

Isobutyl mercaptan (88°). S.G. *848 
(Humann, A. 95, 25f)) ; '■«> *8357 (Nasini, O. 13, 
301). V.D. 3*10 (obs.). Bcd 27-47 (N.). Formed 
by distilling lv(C,H.,)SO, with aqueous KTIS. — 
KSCjH,,. — llg(C,,H.,S)., : pearly scales. — 

Pb(C4Hj,S)... : yellow crystalline pp. 

Secondary butyl mercaptan (85°), S.G, 
•H *8:10. From .scc-butyl iodide and KHS. — 
C,H,SAq.-(C,II„S).,ng [189°] (Boymann, B. 7, 
1287). 

TETRA - ISOBUTYL - METHYLENE - DI- 
AMINE i.e. N(C,ig,.ClI,N(C4HJ,. 

(245°- 255°), «' From ‘ trioxyinotiiylene ’ (formio 
paraldehyde) and di-isobutylaiuine (hUircnberg, 
J. pr. [2J 30, 117).-B'TI,1TC1„ [1!>8^]. Forms 
witli CS« a compound C,,TI,sN.jCSo [54°]. 

BUTYL - MUSTARD OIL “ v. “ Butyl thio. 

CAltnl’niDE. 

ISO-BUTYL.NAPHTHALENE C,,II,c i.e. 
CiJTjiC.,!!,,). (280“’). Prepared togetlicr with 

(a-a) and (a-j8)-dina).)hthyl by heating naphthal- 
ene and isobutyl chlori«le in presence of aluini- 
niuni chloride. Colourless oil, very slightly 
volatile in steam. Picric acid compound; 
[9G°J aggregates of golden needles (Wegseheider, 
M. 5, 230). 

ISO-BUTYL NITRATE C^H^NO^. (123°). 
S.G. - 1*038. From AgNOj, urea, and isobutyl 
iodide (Wurtz, .4. 93 120; Chapman a. Smith, 
Z. 1869, 433). 

ISO-BUTYL NITRITE (CII,)..CH.CILO.NO. 
(67°). S.G. 2-894. H.F.p. 47,800. H.F.v. 
44,900 (Th.) (Chapman a. Smith, Z. 1809, 433 ; 
Pribram a. llandl, M. 2, 058 ; Bertoni a. Truffi, 
G.M,2:.). , 

Tertiary butyl nitrite (CtldgC.ONO. (63°) 
(B.); (70°-78°)(;K). S.G. 0 *8914 (B.). Formed 
together with a little of the isomeric nitrobutana 
(110°-130^) by distilling tertiary butyl iodide 
with silver nitrite (Tscherniak, A. 180, 155 ; B, 
7, 962). Prepared by distilling tertiary butyl 
alcohol (1 mol.) with glyceryl tri-nitrite (1 mol.) 
(Bertoni, G. 15, 357). 

BUT YL-PSEUDO-NITROLE v, Nitboso-nitbo- 
bu.:anb. 
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BUTYL-NITBOLIG ACID v, Niiboso-kitko- 

BtTAHE. 

w-BUTYL-OCTYL-OXIDE C,H,.O.C«H„. 
(225-7°). S.G. S -8069. S.V. 295-7. C.E. (0°-10°) 
*00097 (Dobriner, A. 243, 9). % 

ISO-BUTYL OXALATE v. OxaS.c acid. 
ISO-BUTYL-OXAMIC ACID 
PrCH2.NH.CO.CO,H. From oxalic cthor (1 
mol.) and dry isobutylamino (1 mol.) at lOU^ 
(Malbot, C. R. 101, 220). CuA'.,. 
Di-isobutyl-oxamic acid 

(I’rGH.J.jN.CO.CO.JI. Similarly prepared from 
di-isO'butylamine (M.). 

DMSO-BUTYL-OXAMIDE (rrCf[,XTr),CA- 
[1074].*: „From oxalic ether (1 mol.) and iso- 
butylamiiiAi(2 mols.). Acute plates, insol. boiling 
water -, may bo sublimed (Malbot, (7. U- 104,22.s). 

DI-BUTYL OXIDE (C.HJ.O. Mol. w. 130. 
(141°). S.G. -784 (Lichen a. llossi, A. !(;">, 
110) ; S -78G5. S.V. 197-3. C.E. (O°-10°) -00109 
(Dobriner, A. 243, 8). 

Di-isobatyl oxide (100°-104°). From iso- 
butyl iodide and KOQ^Hg, or Ag.^0 (Wurtz, A, 
93, 117). 

Di-seC'butyl oxide (121°). S.G. -750. 
From aldehyde hydrijchloridc and ZnEt., (Kessel, 
A. 175, 56; B. 7, 291). 

;).ISO - BUTYL - PHENOL CA.CJT.OII. 
[99°J. (231°) (S.); (237") (L.). 1. From umi.lo- 
iso-butyl-bcnzono by the diazo- reaction (Studer, 
A. 211, 212; B. 14, 1474, 2187).— 2. From 
phenol (100 g.), isobutyl ulcohol (80 g.) and 
ZnCI, (240 g.) (Liebmann, B. 14, 1842; 15, 150, 
1991 ”; Dobrzyeki, J. pr. [2] 30, 390). Nc'cdles 
(from alcohol). Volatile with steam. V. sol. i 
alkalis. Gives a pp. with bromine- water, but | 
no colour with Fe.Cl,;. Is a I'iseptic. I’Cl, 1 
gives cliloro-iso-butyl-b(!n/eiie, wnich on oxida- j 
tion gives p-chloro-ben/oic acid. Gives a di- ! 
nitro- derivative [93°]. Fused with P-X), it gives | 
phenol and isr bntyhme. Ammonia and ZnCl.. 
give CA-C«H,NH, (Lloyd, B. 20, 1254). 

Methyl ether CJIg.C.lIiOMe. (2.l5-5°). 
S.G. -937. 

Ethyl ether {^ib5°) (S.) ; 

(242°) (L.). 

Benzoyl derivative C,Hr,.C„n,OBz. 
[83°J (S.); [80°] (Kreyslcr, B. 18, 1717); 

(335°); (344°) (K.). White phi tes (from alcoliol). ! 

Acetyl derivative C^.C^IIjOA^- (215°). 
S.G. -999. • 

ISO-BUTYL-PHENOL SULPHONIC ACID 
04H5,.C,jH3(0H).S03lI. From isobntyl phenol 
and 11.^864 (Liebmann, B. 15, 1990). — JlaA'.; 
ISO-BUTYL- PHENYL -AMINE v, Amido- 

PHENVIi-BUTANE. 

Di-isobutyl-di-pbenyl-amine 
(C,H 4 -C 4 Hg)oNH. (290°-315°). TJiick oil. I 
Formed together with CeIIi(GiH(,).NTT.J)y licating | 
oxy-phenyl-isobutane CJl,(C 4 H.j).Oli [ 1:4 J with] 
ammoniacal ’Zr.-Lr,f (or ZnClf^ and Ml I, Hr (or 
NH4CI) at 320°-33b° ; the y^Bld is 20 25 p.c.— 
B'.A 2 ^ 12 ^^ 014 : yellow needles. ' 

Acetyl derivative (CgH4.C4lI„).f^Ac : 
[ 76 °] ; glistening white plates ; si. sol. w-ater, 
V. Bol. alcohol and benzene (Lloyd, B. 20, 125.')). 
DI-ISO-BUTYL-DI-PHENYL CYANAMIDE 
i.e. C(NC,H 4 .CH 2 Pr),. Carho-di-phen- 
isobutyl-imide. [189°]. Formed by boiling a 
solution of di-isobutyl-di-phenyl -thio-urea in 
benzene with PbO (Pahl, B, 17, 1242), Colour- 


less crystals. Sol. ho’ benzene, si. sol. ether. 
By warm dilute alcohol it is converted into 
isobutyl-di-phenyl-urei . With amines it com- 
bines to form guanidines.' Heated with CS^ at 
170^ it,vields isobutyl-phenyl-lliio-carbiraide. 
ISO-BUTYL-PHENVLENE-DIAMINE 
! C,TI,(NH.)(NilCH2Fr\ [39°J. Formed by the 
reduetmn of p-nitroj ^ -iso butylanilino (Waoker, 

A. ‘243, *299). Plates (from ether); can be» dis- 
tilb-’d. Its chloridf; funns wliito plates ; Y. soL 

i water, si. sol. alcohol, iusol. cthor. 
j DI-p.ISO-BlfrYL-DLPHENYL-GUANIDINK 
j IIN:C{N H.C,;H4.C.11,,).. Dl-phe n i xohut yL^xianid- 
! inc. [173°]. I'Y -med by heating an aLoholio 
solution of di-p-isohiityl -di-])lienyi-thiourca with 
NIT;, and lead oxide (Pahi, B. 17, i210). Colour- 
less plates. V. sol. alcohol and benzene.— 
BLlT2CLPtCl4 : yellow crystalline jip. 

Tri-;j-isi#butyl-tii-plieiiyl-guanidine 
C.H,.Cyi,.N:C(N]l.C,Il,.C,ir,.),. Tri-pheniso- 
hulyl-yuanidine. [104°]. Obtained by digesting 
an alcoholic solution of di-p-isohutyl-di-phenyl- 
thionrea with p-isohutylphenyl-amiuo and lead 
oxide (P.). Small white iieiMlIes. V. sol. benzene 
ami hot alcohol. ByLClJ’tCl, : yellow needloB. 

IS0.BUTYL-PHENYL-(‘8)-NAPHTHyL-THI0- 
UREA C,.,Ji,.NlLCS.Nn.CJ Fheniao- 
huiiih{fi)-naphthyl~thioiirc(i. [152']. Prepared 
hv warming an alcoholic solution of (/3)-naphthyl- 
tltio-carbimide and isohutylphenyl-amine (Main- 
zor, B. 10, 29*20). White ])lates. Sol. boiling 
alcoliol. By plios[)horic acid it is split up into 
isob u ty 1 ph e ny I - til i o - ca r 1 ) i m i <1 e , ( j3) - ii ap h thyl - 

thio-earbimidc, isobutylphenyl-amine, and (jB)- 
iiaiththvlamino. 

ISO-BUTYLPHENYL-PHENYL-THIOUREA 

V, Pll KN Y U-IS’ UlUT YI,I’ n EN Yli TJI lomcKA. 

TKl-ISO-BUTYLPHENYL-PHOSPHATE 
PO((>C.H.Xl,ll,,),. (above -TOO '). Obtained by 
healing isobn' vl phenol with PtiClg; the yield is 
99 j>.c. of the theoretical (Kreyslcr, B. 18, 1700). 
Thick liquid. V. s !. ether, benzene, and warm 
alcol - .d si. sol. petrolonm-etlier. 

TEL R .\-ISO-BUTYLP HEN YL SILICATE 
Si((.>CJl,.C,Ti.,)4. (c. 380 ’). Obtained by heating 
isolmtyl-jihenol with SiCl, ; the yield is 70 p.c. 
of the theoretical (Hertkorn, B. 18, 1092). Thick 
colourless oil. V. sol. benzene, chloroform, 
CS.,, etc. 

2>IS0-BUTYL-PHEN yl-thiocarbimide 

SC:N.C„ 1 r .{C4Hy) . Phcnisnbii tyl - mustard - oi\ 
[12°]. ;:i/7°). Formed by la ating di-2>-isobutyl- 
di-phenyl-th ouioa with phosjihoric acid (Pahl, 

B. 17, 1235). Long white needles. V. sol. alcohol 
and ether. 

DI-p-ISO-BUTYL-ZH-PEENYL-THIOUREA 

SC(NH.C,JT,.C,1 ■ I>i-ph(')iisobtcty [.-thiourea, 
[193°]. P’ormed b. coliohating an alcoholic solu- 
tion of yj-isobidy iphenyl-amine with CSj (Pahl, 
B. 17, 1235). i'me white needles. Sol. ether 
and benzene, si. sol. alcohol, insol. water. 

L DI-p-ISO-BUTYL-Df-PHENYL-UREA 
I OC(Nll.C«n4.C4li„)2. Di - phenisobutyl - urea, 
[284°]. 

P'ormation.—l. By the action of carbonyl 
chloride on 2J-isobutylphenyl-amine dissolved in 
benzene. — 2. By cohobating an alcoholic solntion 
of the thiourea with mercuric oxide (Pahl, B, 
17,1240). Colourless needles. Sol. hot alcoholi 
insol. water. 
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ISO.BtJTYL-PHOSP«I!JE OAPH.,. (62®). 
Prepared, together with the following, from iso- 
butyl iodide, ZnO, and J at 100® (Hofmann, 
B. 6, 296). Resemblts ethyl-phosphine in pre- 
paration and properties. . 

Di-isobutyl phosphine (C4H|1).,PH. (ll3®). 

Tri- isobutyl phosphine (C^Hy).,P. (215®). 
From the preceding and isoliutyl iodide, 
Eotra-iflobutyl-phosphonium iodide 
(C4 Hh) 4PI. Crystalline. 

ISO-BDTYL-PHOSPHINIC ACID C^H^PO^Hj 
[100®]. Paraflin-like solid (Hofmann, B. 6, 301). 
— A'Ag. Amorphous pp. 

ifr* isobutyl - phosphinic Aud (C^HJ-^POH. 

Oil A'Ag. Amorphous. ' 

ISOBUTYL PHOSPHITE. Bichloride. 
C^H^O.PCl,. (155®). y.G. 5 1-191. A by- 
product in the conversion of isobutyl alcohol 
into isobutyl chloride by PCI3 (MenScliutkin, A. 
139, 347). 

DI- ISO -BUTYL -PINACONE C,,II,„02 Le. 
Pr.CH2.CH2.CMe(OH).CiMe(OIT).CH,.Cl4.Pr. Di- , 
oxy-tetra-decane. Tetra-decylene glycol. [30°]. . 
(268°). A product of the action of Na upon 
methyl iso-amyl ketone (Holm, A. 190, 305: 
Purdie, G. J. 39, 408). Needles, insol. water. 
BUTYL-METAPYRAZOLONE v. Di-oxy- 

BUTYL-MKTAPYRAZOL. 

(Py. 3)-ISO-BDTYL - QUINOLINE C.aH.jN 
.CH:CH 

I (271°). Colourless oily 

\n = C( 04H3) 

liquid. I’ormed by distilling its (Py. l)-car- 
boxylio acid with lime (Doebner, B. 20, 280 ; A. 
242, 282). 

Picric acid compound B'.C^jHjNjO,. 
[161*^]. Lemon-yellow plates (from alcohol).— 
(B'HCl)2PtCl4. Orange-red needles (from water). 

{Py. 3).IS0-BUTYL.QU1N0LINE— (Py. 1)— 
CABBOXYLIC ACID 

>C(C03lI):CH 

OhHjjNOj i.e. « I* .Isohutyh 

\N=c(C4n«) 

dnchonic acid. [186°]. I’ormed by the ai'tiun of 
isovalerio aldehyde upon pyruvic acid and 
aniline. White satiny plates (containing Uaq) 
(Doebner, B. 20, 279; A. 242, 280).— B'HCfaq: 
plates.— B'jH^PtCl,.- AgA'. 

ISO-BUTYL SILICATE (PrCII,)4Si04. (c. 258°). 
S.G. *953. From SiCl* and isobutyl alcohol 

i Oahours, C. B. 77, 1408). Slowly decomposed 
\j water. 

BUTYL SULPHATES ^ • 

n-Butyl-sulphuric acid Pr.CH..S 04 H. 

Salt. — BaA'jjaq: crystalline platc.s. S.Q. ^ 
1’778 (Lieben a. Boss^, A. 105, 110 ; Clarke, B. 
11, 1506). , 

Isobutyl sulphuric acid Pr»CIL^.S04H. From 
the alcohol and H^SO^ (Wurtz, C. B. 35, 310),— 
KA': laminiB (from alcohol). 

Chloride C4Hfl.0.S02Cl. From isobutyl 
alcohol and SOjCl^ (BeBrend, J. jar. [2] 15, 34).^ 
Liquid. 

- n-BDTYL SULPHIDE (04H8).,S. Mol. w. 
146. (182°). S.G. 8 -852 ; -839 (Saytzcll, A. 

171, 253). From butyl iodide and K^S. 

Isobutyl sulphide (Pr.CHJ.S. (171® i. V.). 
S.G. ^ *836, Formed by distilling isobutyl sul- 

5 hate with oono. aqueous EHS (Beckmann, 
.pr, [2] 17, 446). 


*8ecoxidary butyl sulphide (OMeEtHj.S 
(165®). S.G. -832. Combines with Mel (Bey. 
mann, B. 7, 1288)# 

iBobutyl disulphide (CH3Fr),S3. (220°) 

(Spring a. Learos, B. 15, 1938). 

ISO-BUTWL SULPHOCYANIDE CHjPr.S.CN. 
(175°) (Keimer. B 3, 757). 

w-BUTYL SULPHONE (C4Hn),gO,. [44°]. 

From fuming HNO3 and (CjHy)^^ (Grabowsky, 
A. 175, 348). 

Di-isobutyl sulphone (C4Tr,),,SO.j. [17°]. 

(265° i. V.). S.G. — 1*006. Di-isobiityl sulph- 
oxide (100 ptS".) is dissolved in water (1000 pts.) 
and oxidised by KMnO^ (03 pts.) dissolved in 
water (1900 pts.). Excess of pcniiarigq,nxt<i de- 
stroyed by sodic formiale mid thjiP Sulphone 
extracted by other. The yield is quantitative 
(Beckmann, J.ijr. [2] 17, 448). 

Properties. White plates. Not affected by 
reducing agents 

n-BUTYL SULPHOXIDE (CJf,).,SO. [32°]. 

From UNO, (S.G. 1*3) and (C^HJ.S (Grabow- 
sky, A. 175, 348). 

Di-isobutyl sulphoxide (CjHJ.SO. [69°]. 
From di-isobutyl sulphide (1 pt.) and (2 pts. of) 
IINO3 1‘4) in the cold. Extracted with 
ether aher neutralisation. Tho yield is quanti- 
tative (Beckmann, J.pr. [2] 17, 440). 

Properties . — Yellow needles. Soluble in 2 
parts of cold water, but separates as an oil on 
warming. Beadily reduced to di-iso-butyl sul- 
phide. 

BUTYL SULPHURIC ACID v. Butyl sul- 
phate. 

DI-ISO-BUTYL-THETINE 
C02H.CH,.S(C4H,).,(0H). Tho hydrobromide 
is a syrup formed by the action of isobutyl sul- 
phide on broifio-acctic acid at 100°. Lead con- 
verts it into crystalline C,„H.,oS0..5PbBr3 and 
Ci„H,„S0..3PbBr.. (Letts, Pr. AL 28, 588). 

71-BUTYL THIO-CARBIMIDE Cn,Pr.N.CS. 
Mol. w. 115. (107°). Formed by boiling n- 
butylTiinine with CS.^ and alcohol. Evaporating 
the alcohol and heatingtheresidue with aqueous 
IlgCl.^ (Ilofinaiin, B, 7, 508). NII3 gives butyl- 
thio-urea [79°]. 

Isobutyl thio-carbimide CH.^Pr.N.CS. (162°). 
S.G. *937. Similarly prepared. (II.). NH, 
gives isobutyl-thio-urea [94°J. 

Secondary isobutyl thio-carbimide 
CHMeEt.N.eS. (160°). S.G. -944. Similarly 
prepared. It is the essential constituent of the oil 
of scurvy-grass or spoon-wort (from Cochlearia 
oj/iciiialis) (Hofmann, Z. [2] 5, 400; B. 2, 102). 
NH3 gives butyl-thio-uroa [135°]. 

Tertiary butyl thio-carbimide CMej.N.CS.. 
[11°]. (140°). S.G. 24 *900 (lludneff, J. B. 11, 
179 ; B. 12, 1023). 

BUTYL THIO-CABBONIC ACID v. Tmo- 

CARDONIC ACID. 

71-BUTYL-THI9PHENE JC^H,) (181°). 
S.G, *957. Colourless oil. Fornxed by the 
»' action of sodium on a mixture of iodothiophene 
and kutyl bromide (Meyer a. Kreis, B. 17, 1661). 

BUTYL-THIO-UREAS. Tho preparation and 
properties of these bodies are analogous to those 
of the corresponding ethyl thio-ureas (q. v.). 

n-Butyl thio-urea CHoPr.NH.CS.NH« 
[79°]. From butyl thio-carbimide and NB^ 
(Hofmann, B. 7, 612). ^ 

Isobutyl thio-urea [94°j (H.). 
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thlo-urea [138®] (H.). 

Ter<- butyl tWo - urea CMe,.NH.OS.NH8. 
[166®] (Budnefl, Bl. [2] 33, 300). Prisma, sol. 
alcohol. * 

butyl thio-urea SC(NHCMe3)j. 
[162°]. From tert-butyl -amine, \3S., and alco- 
hol. Formed also by the action of tert-butyl 
thiooarbin^de on tert-butyl-amine (Kudncff BL 
[2] 33, 300). 

wi-ISO-BUTYL-TOLTJENE C,H,(CII,)(C,H„) 
[1:3]. (187^) (K. a.B.) ; (191°) (K.) ; (ISo") (K.). 
Methyl •isohulyl - benzene. Colourless liquid. 
Occurs in oil of resin (Kelbe Baur, B. 16, 
619, 2559 ; llonard, A. Ch. [0] 1, 250). Pre- 
pared by the action of isobiityl bromide on 
tol3ene^»n presence of Al,,Br,; (K.a. B.). Formed 
by diazol^Sing methyl -isobutyl -phenyl -amino 
and treating the diazo- salt with an excess of 
SnCljj (Effront, B. 17. 2329). On oxidation with 
HNO3 it first gives j«-iso-butyl-bcnzoic acid and i 
finally isophthalic acid (Kelbe a. Pfeiller, B. 
19, 1723). 

^-(Jso?) - Butyl - toluene C,jH 1(0113) (C ,11,,) 
[1:4J. (178°). Occifts in oil of resin. HN63 

oxidises it to ^-toluic acid (Kelbe a. Baur, B. 
16, 2562). 

jp-Isobutyl-toluene (c. 195°)? Formed by 
heating toluene with isobutyl alcohol and 
ZnCli (Goldschmidt, B, 15, 1067). Formed, 
together with the w-isomeride, by the action 
of isobutyl bromide on toluene in presence of 
Al.^r« (Kelbe a. Pfeiller, B. 19, 1725). HNO, 
oitidises it to p-isobutyl-bonzoic acid. 

w-ISO-BUTYI-TOLUENE-SirLPHONIC ACID 
C«H3(CH3)(C,H«)(S03H) [1:3:®]. [76°]. Small 

hygroscopic plates. Formed by sulphouation of 
w-iso-butyl-toluene. 

S alts .— KA' aq : large soln’.->. pearly plates. 
— NaA'aq : needles. — CuA'.jdaq : largo blue 
soluble plates. — BaA'jaq : small plates, si. sol. 
cold water and alcohol.— PbA'.^3aq : pearly plates. 

Amide: T. 5°], small plates, soluble in water 
(Kelbe a. Baur, B. 16, 2560). 

p-{Iso ?)-Butyl-toluene-8ulphonic acid 
0«H3(CH3)(C4H„)(S03n) [1:4:®]. Obtained by 
sulphonation of /^-isobutyl-toluene. 

Salts. — KA'l^aq: small easily soluble 
plates.— Na A' 2aq. — BaA'oaq : small sparingly 
soluble plates.— CuA'2»aq : easily soluble blue 
crystals. — PbA'jSaq: small plates, sol. hot 
water. 

Amide: [113°], largo pearly prates, si. sol. 
hot water (Kelbe a. Baur, B. 16, 2563). 

ISO-BUTYL-o-TOLUIC ACID 
O.H3(CH3)(C,H,)C03H [1:3:6]. [140°]., Formed 
by saponification of its nitrile (ElTront, B. 17, 
2884). White needles. V. sol. alcohol and 
ether, si. sol. hot water, insol. cold water. — 
A'Ag : colourless plates, v. sol. hot water. 

Nitrile C«H3(CH3)(C,H,.)CN [1:3:6]. [60®]. 
(248®). Formation.—l. By distilling the formyl 
derivative of meunyMsobutyl-pnenyl-amine with 
zinc-dust.— 2. By heating #sobutyl-tolyl-thio- 
oarbimide with copper powder (E.). Long 
white needles. V. sol. alcohol and ethef, si. 
60I. hot petroleum-ether, insol. water. 

liO-butyUtoluic acid CaH(rH3)(C^H9)CO.dI 
[1:5:6]. [132®] . Formed by saponification of its 
nitrile (Effront, B. 17, 2343). White silvery 
plates. V. sol. alcohol and ether, si. sol. hot 
water. — A'Ag ; colourless plates, sol. hot water. 


mtriU C,H3 ^CHj,)( 04H„)CN [1:6:6]. (243®). 
Fcnmatidn. — L By distilling the formyl 
derivative of methyl-isobutyl-phenyl-amine with 
zinc-dust. — 2. By heaVng isobutyl-tolyl-thio- 
carbimide with copper-powder (Effront, B. 17, 
2343)j^ Colourless oil, solidifies on freezing to 
a white crystalline mass. V. sol. alcohol and 
ether. 

ISOBUTYL-TOLITIDINE v. MRTnYi#i8o;gUTVL- 

PnEXVL-A:MINE. 

• BUTYI-TOLYL-AMINE v. Mkthvl-butyl- 

PUKNYL-AMINK. 

ISO-BUTYL-TOLYL-THIOCARBIMIDE 

C,H3(Ciy(C,}:^».^^CS 11:3:6]. (275i 'itf-O®). 

Formed by the ■ 'otiou of phosphoric acid on di- 
isobuiyl-di-tolyl-tliiourc 1 {lUfro'd, B, 17, 2336). 
Long white needles. V. sol. alcohol and ether. 

l80-butyl-tolyl-thio-c4rbimide 
C,;fl3(Cn3)^,H,JNCS [1:5:6J. [11°]. (207°). 

Formed by heating di-isobiityl-di-tolyl-thiourea 
with pliosphonio acid (Effront, B. 17, 2345). 
White crystalline solid. V. sol. alcohol and 
ciher. 

DMSOBUTYL-DI-TOLYL-THIOUBEA 

SC(NII.C,H,(CH3)(C,l]„)[6:l:.3J), [184°]. 

Formed by digesting iiiethyl-isobiityl-phenyl- 
amine with CS.> in alcoholic solniion (Effront, 
B. 17, 2335). Long thin silky needles. V. soL 
ether, si. sol. alcohol. 

Di-iaobutyl-di-tolyl- thiourea 
SC(NH.C„H3(CH,)(C,II,)[6:1 :5]),. [175®]. 

White needh's. Sol. hot alcohol. Formed by 
digesting mcthyl-isobutyl-phenyl-amine with an 
alcoholic solution of CH^ (ElTront, B. 17, 2344). 

ISO-BTJTYL-TTKEA. Valery I derivative 
NH(C,N„).CO.NH(CO.CJI„). [102 Flat needles. 
Sol. alcohol and other, si. sol. water. Formed 
by the action of KOTI on a mixture of (2 mols. of) 
valcramide (isopropyl-acetamide) and (1 mol. of) 
bromine (Hofmann, B. 15, 758). 
Iso-^cr^-di-b'atyl-urea 

CMe3.NII.CO.NH.CII.,Fr. [163°]. From terU 
butyl cyanaie and' *sobutyUuuine (Brauner, B. 
12, LE5). 

Di-fjr^-butyl-urea (CMejNlJlXO. [242®]. 
From fcr^butyl cyanate and ferf-butylamine (B.), 
ISO-BUTYL-XANTHAMIDE v. THio-c.mBONi0 

ETHEllS^ 

BUTYRAL V. Butyric ALnmiYDK. 
BUTYBAMIDE v. A mule of Bittyrio acid. 
Di-isobutyramide (0.,H,.CO)._.N11. [174°]. 

Formed by the action of ammonia on isobutyryl 
chloride jilofmann, B. 15, 981). Long needles. 
Sublimable. Sul. alcohol. On distillation it 
splits up into isobutyric acid and isobutyro* 
nitrile. 

»i-BTITYRIC ACID C,H/),t.c. 
CH3.CH...CIT...CO.,n. Aloi. w. 88. [c.-3®]. 

(162° cor.). S“.G. *9594 (Briihl) ; ;] •970 (Zander); 

1^-9670; p*95H8 (Perkin.O. 15). C.E. (0°-10°) 
•00104 (Z.)’. 1*172 at 18*8° (P.). 1-4025. 

R oj 35*50. S.V. 1U7-85 (11. Schiff, A, 220, 105) ; 
108*3 (Z.). S.H. *410 0° (Schiff, A. 234, 300). 

'• Occurrence. — 1. Butter contains 2 p.c. of 

glyceryl butyrate (Chevreul, A, Ch. [2] 23, 23). 
Kancid butter contains free n-butyric acid (Griin- 
zweig, A. 1G2, 193).— 2. In crude wood vinegar.— 

3. In perspiration (Schotten, J, 1852, 701).— 

4. In muscular juice (Scherer, A. 69, 196).— 
6. In the contents of the large Intestine.— 6. Al 

1 hexyl butyrate in oil got from fruit of Heraclcnm 
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^iganteum.—! , The fruit of Pastinaca saliva 
contains octyl butyrate. — 8. In cheese {e,g* of 
Limburg) (Iljenko, A. C3, 268). 

A great many veg<|*;able and animal juices 
and oils contain butyric acid, but in most cases 
it has not been determined whether the {>^3id is 
n- or iso- butyric acid (Gorup-Besanoz, A. 69, 369 ; 
Klinger, A. 106, 18 ; Kriimen Ar. Ph. [2] 51, 9; 
Wagner, J. X)r, 46, 155 ; Scherer, A. 69, 196 ; 
Eebling, Ar, Ph. [2J 92, 83 ; 93, 300). 

Formation, — 1. A prod net of the fermentation 
of sugar, starch, milk, libriri, and most kinds of 
vegejtable and animal matter (Pelouzo a. Gclis, 
A. 10, 43<); Lerch, A. 49, 2?d ; Bonaparte, 

C.ij. 21,1070; Erdmann a. Manliand, 29, 
468 ; Wurtz, .^1. 52, 291 r Scharling, A. 49, 313; 
Schubert, J. pr. 33, 256 ; Sullivan, J. 1858, 280 ; 
Kitthausen, Z. [2J 4, 314).- -2. By fermentation of 
calcium lactate : 2C;,H,;Oj = -f + 2Ho. 

3. Along with 9i-butyl alcoliol by the fermentation 
of glycerin through a Schizomycetes in presence 
of OaCOa (Eitz, Ji. 9, 1348). — 4. By the action of 
CrOa on albuminoids (Guckclbergor, ^.64, 68). — 
5. liy the action of ITNO3 on fats (Bcdtenbacher, 
A. 59, 49) and on Chinese wax (Buckton, C. J. 

10, 166). — 6. By oxidation of coniine (Blyth, A, 
70, 89).--- 7. By the accto-acetic ether synthesis 
(Fraiikland a. i)uppa, A . 138, 218) v. Aceto-acetic 
ETHEK. — 8. By passing CO over a mixture of N aOEt 
and NaOAcat 200 ’ : CJ l^NaO + C.JI.NaOi + CO = 
CHNaOjj -I C.H.NaO, (Erdhlich, A. 202, 306). 

— Sugar (6 kilos.), water (26 
litres), and tartaric acid (30 g.) are left for some 
days, after which there is added putrid cheese 
(250 g-), sour skimmed milk (8 kilos.), and chalk 
(3 kilos.). The mixture is kep\ at 30“ to 35“ with 
occasional stirring. Calcium lactate is first 
formed, and this is afterwanls decomposed with 
evolution of hydrogen {v. Formation 2) ; at tho 
end of six weeks tho evolution of gas ceases and 
tho whole is now converted into*calcic butyrate 
(Bensch, A, 61, 177, c/. GrUlon#, A, 165, 127; 
Liebcn a. Kossi, A. 158, 146 ; and E’itz, />*. 

11, 62). Crude butyric acid may be purilied by 
etherification, followed by saponification vjf tho 
butyric ether (121' ) (Bannolf, 13, 19, 2552). 

Properties. — Liquid, miscible with water, of 
powerful unpleasant smell. Separrted from 
aqueous solution by CaCl,. Its barium salt is 
more soluble in alcoliol than those of forznic, 
acetic, or propionic acids. Its calcium salt is 
Ijpd, by boiling a solution saturated in the cold. 

Ticactions.—l. Boiled wilh UNO., ♦it gives 
succinic acid (Dessaignes ; Erlcnmlyer, A. 180, 
207). — 2. With CrO., it gives CO., and acetic acid 
(Griinzweig a. Ileeht, B. 11, 1053).— 3. With 
MnOg and dilute it gives propyl butyrate 

(Veicl, A. 148, 164). — 4. ridio silver salt decom- 
poses on dry distillation according to tho equation : 

4CsH,.CO.Ag - 3C3H,.C0,,H i CO, + C + 4Ag 
(Iwig a. Hccht, B. 19, 240). - 5. Distillation over 
zinc-dust at 350° gives di-propyl ketone, propyl- 
ene, CO, H, and other ^zroducts (Jahn, B, 13, 
2116). 

Salts.-NaA'.-KA'. S. 125 at 15“ Very 
deliquescent. — MgA' oaq. Very soluble plates. — 
CaA',. S. 20 at 0“ ; 18 at 22° ; 16 at 60“ ; 16*2 
at 100“ (Chancel a. Parmentier, 0. R, 104, 474; 
Hecht, A, 213, 69). Trimetrio needles. — 
CaA', aq. S. 19*6 at 22“.— (CaA'.,),(C^H,0,) 6aq. 
CaA',CaCL(C,H,Oj4.— CaCla(C,H,0,), 2aq (Lie- 


|ben,.Jlf. 1, 926),— SrA',. S. 40 at 22“.— 
BaA',4aq. S. 40 at 14°. S. (alcohol) 117. 
Trimetric. — BaA', 2aq. — BaA'.,04Hj,0.2 (Mixter, 
Am. 8, 343). — BaA'j^CaA',. Eegular octahedra 
(Fitz, B. 13, 1314). EnA', 2aq. S. 11 at 16°. 
Monoclinic priafcs. Gives pp. of basic salt on boil- 
ing. — PbA', : oil.— PbA'., 2PbO. — Pb A'.,2CaA'a ; 
cubes. — CuA'j 2aq. Monoclinic. — CuA', aq. 
Triclinic (Alth, A. 91, 176). — CuA', 2Cu(As02)a 
(Wohler, A. 94, 44).— AgA'. S. *343 at 4*6“. 

Needles or monoclinic prisms. 

2Iethijl ether (102°). S.G. g *9194 (Gar- 
tenmeister, .4.C233, 249) ; “ -9194 (Elsiisser, A, 
218, 314) ; i *948 (Kahlbaum, B. 12, 344) ; 
•8962 (Briihl) ; Ji:' -9037 ; -8915 (Perkin, C. J, 

45, 183). M.M. 5-387 at 16*4'’ (1?.). S.V* ?20*35 
(B. Schiff, A. 220, 332). pp 1-3936 (Brtftl}. E 
43-11 (B.). C.E. (0° -10°) -001156 (E.). 

Ethyl ether. — Mol.w.116. (12i“cor.). V.D. 
3-99 (for 4 00) (S.). H.G. J] -9001 (Gartenmeister) ; 
J -8996 (E.) ; -- -898 (Limiemann a. Zotta, A. 

161, 178) ; Y -8892 (13.) ; 1^8819 ; -n? *8762 (P.). 
M.M. 6-477 at 16-1“ (P.)’ H.V. 150-23 (S.). 

1-4007. Boo ^>0-33 ^B.). C.E. (0“-10“) 
*001162 (E.). Bmolls like,pinc- apples, in which 
it occurs as well as in other fruits. 

Allyl ether (140°) (Cahours a. Hofmann, 
2V. 1857, 555; A. 102, 296); (145°) (Bcrthelot 
a. De Luca, A. 100, 360). 

Propyl ether (113“ cor.). S.G. “ ’8930 
(E.); J- i*879 (liiniiemann, A. 161, 53). 8.V. 
173-85 (S.). C.E. (0“-10“) -001077 (E.). 

Iso-propyl ether. (128°). y.G. - *879; 
3^- -865 (8ilva,‘A. 153,135). 

n-Butyl ether (165° cor.). S.G. *8878 
(G.) ; -876 (Liiniemann, A. 161, 195) ; -889 ; 

-872 (Liebcn a. Bossi, A. 158, 170). S.V. 
197-8 (G.). C«E. (0“ 10“) -00105 (G.). 

Iso-butyl ether (158".^ (S.) ; 157° (E.). 
S.G. 7 -8818 (E.) ; it -880 ; 1"- -866 (Griinzweig, A, 

162, 207). S.V. 197-66 (S.) ; 200*53 (E.). C.E. 
(0 '-10“) '001093 (E.). Velocity of bromination : 
UrcclJtJL 13, 1693. 

n-Amyl ether S.G. § -8832. C.E. 

(0° 10“) -60099. S.V. 222-3 (Ga.). 

Iso-amyl ether. (176“) (Delffs, A, 92, 
278) ; (l78-6“) (E.). S.G. ^ -8823 (E.). S.V. 
221-52 (E.). C.E. (0“-10“) -001014 (E.). 

Hexyl ether. (205“). S.G. [J *8826. C.E. 
(0“-10“) -00006. S.V. 246-4 (Ga.). From Ilera- 
cleum (Franchimont a. Zincko, A. 163, 198). 

Heptyl ether {22rP). S.G. ^ *88-27. C.E. 
(0°-10°) -00093. S.V. 270-2 (Gartenmeister). 

Octyl ether. (245°) (B.) ; (242°) (G.). 

S.G. “j -8794. C.E. (0°-10“) -00091. S.V. 295*6 
(G.). From Pastinaca sativa (Benesse, A, 166, 
80). 

Cetyl ether. [20°J. (c. 265°) at 200 
m.m. S.G. — -856 (Dollfus, A. 131, 286), 
Ethylene ether v. Glycol. 

E thy lidenc^ ether v. J(^i-h\ityryl ortho- 
Aldehyde p. 106. * 

, Glyceryl eth^r v. Glycerin. 

A^iide C3lI,.CONH2. [116°]. (216°). 
Prepared by heating ammonium butyrate under 
pressure at 230“ ; the yield is 76 p.c. (Chancel, 

A, 62, 294 ; Buckton a. Hofmann, 0. J. 9, 241 ; 

B, 16, 982). -Hg(C,H8NO)2. 
^?iiZideC3H,.CO.NH(C,H4). [92°]. Pearly 

plates (from dilute alcohol). Sol. ether. Formed 
by heating butyramide, butyric anhydride, or 
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ohlorido with aniline (Gerhardfc, C7i. [31 57, 
829; Kelbe,R.16, 1200). 

Chloride C3H..COCI. Mol. w. 106*5. 
OOP). S.G. \o 1*0277. iu^f4178. 

(Briihl, A, 203, 19). From butyric acid (UOpts.) 
and PCI, (100 pts.) (Burcker, A. [5J 26,408 ; 
Linnemann, A, 161, 179). Converted by sodinin- 
amalgaiii in^o dibiityryl (C.HjO)... A1..C1, forms 
crystalline C,,,II„0, [107'"] ‘ butyro 1 butyrvl 
butyric anhydride.' - 


quantities of methyl tert-hxiijl ketone, iso- 
butyric aldehyde, and isobutyrio acid (Barbaglia 
a. Gucci, G. 11, 84). 

Salts . — More soluble lAan those of n-butyrio 
acid. — CaA'oaq : small plates. S. (of CaA'.,) 20 
at 0 ’ ; at 80°; at 100'\~CaA',r,aq: long 
moMoeliiiic prisms (Chancel a. rnrmentier, G. U. 
104, 477).-SrA,.^ni. S. 44 at 17° (hydra- 
ted) (Griinzweig). - lia.V^jaq. IMonolbliTi^C.— 


butyric anhydride.’ NaOH forms C,Jl,,,NaO, i BaA'.JIA' [74°] (Mixlerr tm. 8, 346).— 
(Combes, C-U. 104, 853). i l’aV..Ba(C-.H.,0..)., aq.— ZiiA'-.aip S. (hy drated), 

C,H,O.Br. (128°) (Borthelot, J. j 17 at 20\-l>bA'... S. 9 at 16°. Trimetrio 
18o7, 344). • I plates. Molts under hot water.— A" A'. S. *98 

Iodide C^H.O.I (147°) (Cahours, A, 101, at 16°. Plates. 


1857, 844). 

Iodide C^HjO.I (147°) (Cahour 
lllh 

Ana;'4rtdcfC,H,0),0. (192°). S.G. 13 *978. | (ELsUsser,“.l. 218, 332). C.E. (0^10°) *001223 
V.D. 5-38 (OTIS.). From sodium butyrate (4 x)ts.) | (K.). S.V. ll'“ ” 
and POCl., (2 pts.) or BzCl (2^ pts.) (Gerliardt, i 116,760 {Th.). 

A. 87, 155). Also from butyryl chloride an«l ■ Ethyl 
butyric acid (Linnemann, A. 161, 179). Heated ' 
witli sodium butyrate at 180° it forms di-propyl- 
ketone (Perkin, C. J. 49, .*{25). 


I plates. Melts under hot water. — AgA'. fc}. 

101, at 16°. Plates. 

Methyl eP"er. (92°). S.G. ^ *9112 

. . , . . siisser, .1. 218, 332). C.E. (0^-10°) -OOli 

From sodium butyrate (4 pts.) | (K.). S.V. 126-5. II.F. p. 100,660. H.F. 


Peroxide (C^H.OLO.,. From butyric an- 
hydride and Bz.^0.j. Oif (Brcdic, Pr. 12, 655). 

iVii?*iZe C.,irj.”CN. Vropyl cyanide. IMol.w. 

69. (119°). S.G. -^-3 *795. Formed by distilling 
the amide or ammonium butyrato with P-.O^ 

(Dumas, yl. 64, 3.34 ; Henke, A. ‘lOG, 272). 

Isobutyric acid (CH,).,Cn.CO..U. Mol. w. 

88. (153° cor.). S.G. *9.‘d{9 ; r;) '9157 (Perkin, 

C. /. 45, 487) ; -0100 (Briibl) ; f *9651 (Zander). 

C.E. (0°-10-) -OOUO (Z.). H. 20 at 20°. M.M. 

4*479 at 17*8° {i\). S.V. 108-57 (K. Schilf, yl. 

220,105). A*,, 1-3979. B,^ 35-48 (B.). S.H. , 

*435 at 0° (Sciiil'f, ^4. 234, 300). Heat of solution \ heating 
973 . Heat of nmtralisation in dilnte solution : ])n‘ssure 

Vapour- 


Hhyl ^ther. (110°). S.G. <’ -.8004 (B.) ; 
-8758 ; ^ *8670 (Perkin, C. J. 15, is?). M.M. 
6-479 at 21*8° (P.). C.E. (0° 10°) -001156 (E.). 
S.V. 148-86 (E.) ; 150-68 (S(diilT, A. 2‘20, 333). 

Propyl ether. (135°). S.G. ° -8813 (E.). 
C.E. (0°-10°) -001039 (E.). S.V. 173-7 (B.) ; 
171-2(8.). 

I.so- propyl ether (120°). S.G. -879 
(Pribram a. Handl, M. 2, 601). 

Iso. butyl ether, (JHr6’) (E.) ; (149°> 
(S.). S.G. -8750 (E.). C.i:. (0 '.-.10°) *000904 
(E.). S.V. 108-2 (S.) ; 106 0 (E.). 

Iso-amyl ether. (160 ') (E.). S.G. 2*8760. 
C.E. (0°-10 9 *001031. S.V. 223-04. 

Benzyl ether v. p. 403. 

Amide [120°J. (c. 218 ’). Prepared by 

ininioiii')m isol)utyraie at 230° under 
the yi(!ld is 00 p.e. (Ilnfmaim, D. 15, 


13989 (Gal a. Werner, Bl. [2] 46, «0l). Vapour- 982 ; cf. Letts, B. 5, 672 Miinch, A. 180, 340 ; 
pressure : liicliardaon (0. J. 49, *3). : and DL/so-nuTYjaMiDK). 

Occ?/m'/iC(7.~l. In St. Jolin’s broad, the fruit I Jh-omo-amide C.,H,.CO.NllBr. [92°]. 
of Ccrafonia siJi([ua ((jri'inzwcig, A. 158, 117 ; i Prepared by the action of bromine and KOH on 
162, 193).— 2. In the root of Arnica monfana ! i.sobutyramide ^ilofqyann, B. 15, 755). Large 
(Sigcl, A. 170, 3i5). -3. As an ether (isobuiylic?) colourless ncc.d'c , so'). oJier, si. sol. water. De- 
chamomile (Kopp, A, P,)..., 8.5; ■■ composed by caustic alkalis inlo propylamine. 


Kilbig, A. 195, 96).— 4. In human excrement 
(Briegcr, B. 10, 1020). 

Formation. — 1. From iso-proj.iyl cyanide and 
potash (Markownikoff, A. 138, 361). — 2. By 
saponifying di-mclhyl-accto-acetic ether (Prank- 
land a. Duppa, A. 138, 337). —3. Aqueous calcium 
butyrate which had been heated and cooled in a 
sealed tube 30 or 40 times in 10 years was 
found to have changed to the extent of 10 p.c. 
into calcium isobutyratc (Erlonmeyer, .1. 181, 


HPr, aial CO.^, but by carbonated alkalis the reac- 
tion st(^>s half way with 2 )roduction of propyl 
cyan ate. 

Iso-propyl - amide PrCO.NHPr. [102°]. 
(210°). Formed by the action of acetyl chloride 
on di-isopropyl aoetoxim (Moyer and Warring- 
ton, G. J. 51, 685). Al.^-’o by tlio action of iso- 
butyryl chloride on isopropylaniino. Colour- 
less ti'an'-oarent needles v. sol. alcohol and' 
ether, n- 4 iol. water Sublimes at ordinary tern- 


126).— 4. By the oxidation of pyroterebic acid i peratures ai .1 distils wiiljout decom])osition, 
(Williams, B. 6, 1094). « • j Is decomposed by prolonged boiling wi h alco- 

Preparanon.—Vy adding K.Cr.Dy (4 pts.)»to • holic potash into isobuLvric acid a)id isopro- 
a cold mixture of isoliutyl alcohol (3 pis.), II. .SO, j pylainiiie. 

(5| pts.) and water (15 pts.). Isobutyl isobutyratc | /IntHhZc CalL.CO.'IHCJI,. [103°]. From- 
separates. It is distilled with moist potash, and ; isobutyric acid an-l aniline (Norton, Am. 7, 116). 
’ Prism.s. 


the potassium salt is distilled with strong ILSO^ 
(Pierre a. Puebot, A. Ch. [4] 366). 

Prc^ierties , — Unpfoasant smelling liquid. 

Reactiom. — 1. Oxidised CrO;, mixture at 
140° to CO^, acetone (PopolT, Z. 1871, 4) ^nd 
acetic acid (Erlcnmcycr, Z. [2] 7, 67). — 2. Oxi- 
dised by KMn 04 in alkaline solution, to 0-oxy. 
isobutyric acid, (CIIs)^C(OH).CUan, according 
to Richard Meyer’s rule that when the group CII 
is united to three carbon atoms it may be oxi- 
dised to C.OH. — 3. Calcic isobutyratc on distil- 
lation gives di-isopropyl-ketone, with smaller 


p-Bromo -an i Hde G,H,.CO.NII.C,;TI,Br 
[1:4J. [1*28°]. From the jirecfiding and Br (N.)^ 
I Chloride 0,11, .cr>^]. (92°) (Markowni- 
Voff, Z. 1866, 501). S.G. 10174 (Briihl, A. 
203, 20). Ps 1-4136. R,^ 41*41 (B.). ZnMe* 

(1 mol.) followed by water converts isobutyryl 
chloride inlo a ketone C,„H,^0 (190°). S.G. 
*870 (Pawlow, A. 188, 139). ZnMe., (2 mola.)- 
followed by water forms tertiary butyl alco- 
hoi and sometimes a ketone C,JI.,.0 (218°k 
S.G. ii *864. ^ 
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Bromide (im. 

Anhydride (04H,0)20. (182*). S.G.-^ 

'9574 (Markownikoll, Z» 1866, 601 ; Tdnnies a. 
Btaub, jB. 17, 860). | 

Nitrile (108=*). From iso- 

propyl iodide, KCN, and alcohol (Marko^iiikoff, 
Bl. 1866, 63). From iaobutyric acid and potas- 
iflium sulpliocyanide (Letts, iB. 6, 0(59). 

MdBUiYEIC ALDEHYDE 0,11,0 i.e. 
CH3.CH2.CII...CnO. (74^). Mol. w. 72. S.G. 
V -8170 (Bruhl). 1*3893. 1^^ 32*93. S. 3*7. 
•Got by distilling calcium butyrate with calcium 
fo^^ate (Linneinann, A. KJl, 180 ; Lipp, A, 
21 r,lT55). From casein by oxidation with H.SO, 
and MnO.^ (Guekelbcrgcr, A. cfi 39). 

lleaction. Aiinetfus NaOII and NaOAc 
form oily C„II,,0 (173°). It is probably 

rr.CHo.CiliCEt.CnO as it reacts with phenyl- 
hydrazine and combines with bromif>.o (Kaupen- 
strauch, Jlf. 8, 108). 

Ammonia compound 
(CH3)2CH.GII(OH)(Nn,)3iaq. [31°]. Trimetric 
pyramids. V. si. sol. water, v. sol. alcohol, m. 
8ol. ether. Deliquesce above 4°, giving off water. 

Bisulphite compound C^H^ONaHSOj 
-<Juslin, B. 17, 2505 ; Kahn, B. 18, 3304). 

Butyraldines. Dibutyraldino CgH,7NO and 
tetra-butyraldino C,gHooNO-., are formed by the 
protracted action of alcoholic ammonia on 
butyric aldehyde (Schiff, A. 157, 352). Butyral- 
dine, on distillation, gives para-coniine C^H,^N. 

Butyral C^HgO (?) (95°). S.G. *821. A 
product of distillation of calcic butyrate (Chancel, 
A. Ch, [3] 12, 146; Limpricht, A. 90, 111; 
*93, 241). Reduces Ag^^O. Does not combine 
-with NHj. Combined with NaHSOj. 

Beactions. — 1. Air or Ag„0 forms butyric 
acid. — 2. Chlorine forms C^HjClO (141°) and 
C4H3CI2O (200°).— 3. PCI5 forms C^H^C^c. 100°). 

iBObntyric aldehyde (CfI,,)JlH.CHO. (64°). 
43.G. ^ -7972 ; U *7879 (Perkin, C, J. 45, 476) ; 
^ *7938 (Bruhi; A. 203.^18)f S. 11 at 20°. 

1*3777. R 00 32*89, iLF.p. 61,340. H.F.V. 
-69,310. M.M. 4*321 at 19*3°. 

Formation, — 1. From isobutyl alcSiol by 
•chromic mixture (Pfeiffer, B, 6, 699 ; Michael- 
son, A. 133, 182 ; Pierre a. Puchot, C. R, 
70, 434). — 2. By heating iso-butyler.e bromide, 
^OH,)jCIIBr.CHBr, with water (20 vols.) at 160° 
(Linnemann a. Zotta, A. 162, 36). — 3. By dis- 
tilling calcium isobutyrate (Popoff, B. 6, 1265 ; 
•Barbaglia a. Gucci, B. 13, 1572).— 4. By dis- 
-tilling calcium isobutyrate vjith calcium formate 
(Linnemann a. Zotta, A. 162, 7).^*5. By distil- 
ling colophony (Tilden, B. 13, 1604). 

Preparation.— A mixture of cone, aqueous 
with an equal volume of H.^S04 is 
•slowly run into a llasfe containing iso-butyl 
alcohol (100 g.) and water #(200 g.) until the 
layer of alcohol has disappeared. The product 
is distilled. Tlie yield is 65 p.c. of the theo- 
retical (W. H. Perkin, jun., C, J. 43, 91 ; cf. 
Fossek, M. 4, 660). • ^ 

Properties. — Pungent liquid. Forma a com- 
pound with NaHSOj from which it is separated 
hy potash without change. 

Reactions. — 1. By the action of potash (4 g.) 
in alcohol (140 g.) upon the aldehyde (60 g.) the 
following bodies may bo obtained; iaobutyric 
acid, an acid CuHajO, (246°-265°) and an aldc- 
feyde — 2. If more potash (8 g.) and a 


higher temperature be used, the neutraljiroducta 
are: OjjHjjOj?, 020831,04, 024H4404and 

C.2SH40O2 (W. H. Parkin, jun., O. J. 48, 101).— -S, 
Aqueous potash forms an acid CjHjjO, [76°-80°], 
a crystalline body CgHigOa [90°], and di-oxy- 
octane (P’ossol# M. 3, 622). — 4. PCl^ gives chloro- 
isobutylene Me_.C:CHCl (68°) and di-chloro-iso- 
butane (104°) Me.CH.CHClg (OeconoijiideB, G. R, 
92, 884).— 6. IKS and aqueous ammonia form 
isobutyraldine Cj^HasN S., (Pfeiffer, B. 6, 700), 

6. CS., and cone. NH^Aq give NH,.CS.SN(O4H0)* 
[91°]. Prisms, insol. water, v. sol. alcohol — 

7. Alcohol art! HCi followed by NaOEt form 

di-ethyl -ort ho-is o butyric aldehyde 

CMc,CHCH(OEt)2 (135°). S.G. *996, V.D, 
143*5, and, when some water is als^pi'ifsedl, a 
compound C,„IL(,0 (223°) (Oeconommos, Bl. [2] 
36, 210 ; G. li. 92, 886). — 8. Gives with ammonia 
a crystalline compound (C,II(,),N0H0O (Lipp, A, 
205, 1; 211, 344; B. 13, 906; 14, 1746). 

7CaH7CnO -f- 6NH3 = 6H,,0 -h (C0n,CH),N0H0O. 
When the product, ‘oxy-hepta-iso-butylidene* 
amine* [32°J, is heated, it first splits up into 
2NII3, C,II,0 and 2(C,d0)3N,. The latter ia 
hydro-butyramidc, an oil, nearly insoluble in 
water, v. sol. alcohol or ether. If quickly heated 
it distils at 154°, but if heated slowly it splits 
up into NH3 and C^Hi^N. llydro-butyramida 
or tri-isobutylidene -diamine is not affected by 
boiling KOII, but dilute IICl splits it up into 
butyric aldehyde and NH3. It is, therefore, 
C4 Hs:N.C,H,.N:O 4H0. Dry IICN added to its 
ethereal solution forms the dihydrochloride of 
(Cy.C4nH.NH)2C^H(, a body that is decomposed 
by water into isobutyric aldehyde and amido- 
valero-nitrile. When hydro-butyramide is slowly 
heated it does not, like hydro-benzamide, change 
into an isomeride, but splits up, giving C.H,2N. 
This compound, ‘iso-butenyl-butylidene-amine,* 
is a liquid (145°-147°) at 715 mm., nearly 
insoluble in water, miscible with alcphol or 
ether. It is not affected by aqueous KOH, 
but ffoids split it up into isobutyric aldehyde 
and NH3. It would thus appear to be 
(CH3)3CH.CH:N.CH:C(CH3)2. It combines with 
Br, forming CgHjjNBrj, a body that, when kept 
for a long time, and then treated with water, 
gives NH^Br, isobutyric aldehyde and bromo-iso- 
butyric aldehyde, or rather a polymeride of the 
latter [129°]. If CHHuNBrj bo at once treated 
with water^ the unstable liquid bromo-butyrio 
aldehyde is probably formed (Lipp.). 

Oxim C3H3.CH:N(0H). [139°J. Colourless 
liquid. Sol. water. Formed by the action of an 
a*4ueou3 solution of hydroxylamine on isobutyric 
aldehyde (Petraezek, B. 15, 2784). 

Description of condensation products^ ob- 
tained as above (W. H. Perkin, jun., C. .7.43, 90). 

Acid C,.^n2303 (245°-255°). Brownish oil. 
Reduces ammoniacal Ag^O. 

Compound, C,Jl2,0^ (164°-167°). Oil. 
Ethereal odour. Reduces ammoniacal Ag.O. 
Combines slowly f^ith NaHSOj. Decomposes on 
pro^^nged heating. Is probably Urech’s C.H„0 
{B. 12, 191). With Na and wet ether, it is re- 
duced to CioHogOo (170°-176°), an alcohol (?) 
which does not combine with NaHSO,. 

Compound 02oH,g04 (223°-226°). Oil 
Smells of camphor. Very slowly combines with 
NaHSOj, forming needles. Reduces ammoniacal 
AgjO. V.D, 167 (Theory 842). With Ao ,0 it 
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loms OJ^jAjhO^ (2400-2420). Oil, which with 
Ao,0 At 2(wo giyes 02oH,eAo*04 (248’-262®). 
When saponified by KOH.a body 
( 0 . 2200) is formed. / *o « 4 

Compound (260O-253O). Oil. V.D. 

(air «1) 12*9 (Theory 13-7). ^ 

Compound Ca^H^gO, (227O-2290) at 100 
mm. Thicktoil. Decomposed when heated under 
atmospherio pressure. 

Di-isobutyrio di-aldehyde CJI,„0.,. (138^) at 
18 mm. V.D. 5-2 (calc. 6*0). This polymeridc 
of isobutyric aldehyde is obtained, together with 
octenoio aldehyde (?) C„Hi,0 (ICfO) by lieating 
isobwtyric aldehyde witli cone, aqueous NaOAc at 
(Fossek, M. 2, 622). It is an oil, sol. alco- 
hol ana%tj^er, fcJfming a crystalliiio compound 
with NaHSbg. 

Iso-butyric paraldehyde (C.ILO).. [60°]. 

(195°), V.D. (H = l) 104*8. From iso-butyr- 
aldehydo by 'H.SO,, IICl, PCI,, Cl, Er, or I (Bar- 
baglia, B. 6, 1052 ; G, 1064 ; G. 16, 430 ; Dem- 
tsohenko, B. 6, 1176). Needles (from water or by 
sublimation). Diliicidtly attacked by oxidising 
agents (Urech, B. 12, 1749). Does not combine 
with NalLSO., or react#.vith NH3. At 150° it par- 
tially changes to ordinary isobutyric aldehyde. 

Iso-butyric poly-aldehyde (C^riHO)„. S.d. ^ 
•969. Prepared by leaving isobutyric aldehyde 
in contact with dry Na.COa. Thick liquid. 81. 
sol. water. Decomposed on distillation, with 
separation of water and formation of isobutyric 
aldehyde and condensation products (Uroch, B. 
12, 191, 1744 ; 13, 483, 590). 

BUTYRIN V . Ctlyckuin. 

BUTYEO-CHLOEAL v. Tui-ciiLouo-BUTYmo 

ALDETIYDU. 

BUTYRO-COUMARIC ACID y. Oxy-phknyl- 

PENTENOie ACID. 

BUTYRO-CREATININE u. Metutl-amido- 

BUTYRIC ACID. 

BU.TYRO-FURONIC ACID C.,H,„Or i.e. 
COoH.Cn:CTI.CO.CII,.CH,,.CH,.CH;.C(),TI (?). 
[142°]. Prepared by treating furfurvalci acid 
with bromino-watcr and subsequent action of 
silver oxide. White crystals. 80I. water and 
alcohol, bI. sol. other. By HI and P it is reduced 
to azelaio acid (Toennies, B. 12, 1200). 

BUTYRO-LACTONE v. 7-OxY.mjTYRic acid. 

BUTYROLIC ACID V, TETROIilC ACID. 

BUTYRONE v. Di -propyl-ketone. 

BTJTYRONITRILE v. Nitrile of Butyric acid. 

BUTYRO-PINACONE ue, 

CPr.^(OH).CPr.^(OII). Di-oxy-tctradecane. [68°]. 
(260°). From di -propyl-ketone, water, and Na 
(Kurtz, A. 161, 215). Crystals, sn»elling •of 
camphor, si. sol. water. * 

BUTYRO-THIENONE v. Tuiknyl propyl 

KETONE. 

DI-BTJTYRYL CJIhO, i.e. Pr.CO.CO.Pr. 
DUpropyl di-ketone. (245°- 260°). From butyryl 
chloride and sodiura-amalgan^ or zinc (Freund, 
A. 118, 35). Yellow oil. Boiled with potash it 
forms butyrate of potassium ^iid a liquid CUIi,0( 
which does not unite with NH., or NaliSO, 

Mono-oxim C3lI;.CO.C(NOH).C3H, : thick 
oil; can bo distilled in small (juantity without 
decomposition. A di-oxim has not been obtained 
(Miinchmeyer, B. 19, 1840). t 

BUTYRYL-ACETOPHENONE 
O4H5.CO.CH2.CO.C3Hj. Be7izoyl-methyl-prop7jU 
hetone. (174° at 24 mm.). S.O. 1061 at 15°. 


Colourless oil. formed fiDm acetophenone and 
butyric ether by EtONa (Beyer a. Olaisen, 

20 , 21^). 

l8obtttyryl-acetophen(r.e 

C4H5.CO.CH2.CO.C3H,. Bemoyl-mcthyl-iso- 
propyl^ctonc. (170° at 26 mm.). Colourless 
liquid. Formed from acetoi)lienone and iso- 
butyrio ether by EtONa (Beyer a. Claisen, 

20, 2181). ^ 
BUTYRYL-AMIDO-BENZOIC ACID 
PrCO.Nn.CuH3.CO.Jl. [209°]. From 7i-butyrio* 
ether (20c.c.) and dz aiiiido-benzoic acid (10 g.)- 
at 180° in scaled tubes ^I’ellizzari, A. 232, 148). 
Sol. water aiid^i[eoliol. 

BUTYRYL 1[^10MIDE v. Bltykio acid. 

BUTYRYL CHLORIBE P. Bt TVRIC ACID. 

BUTYRYL CYANAMIDE V. Cyan.vmide. 

n-BUTYRYL CYANIDE C H Ni) i.c, 
PrCO.CN. g33°-137°). From AgUN and PrCOCl 
(E. Moritz, C. J. 39, 16). 

n-Di-butyryl di-cyanide (PrC()).^(CN)2 
(c. 234°). By-product in preisiration of above. 

Iso-btttyryl cyanide Pr.CO.CN. (117 -120' ). 
From PrCO.Cl (40 g.) and AgCN (50 g.). Bad 
yield (E. Aloritz, C. J. 39, 13). The greater 
pai’t of the product is di-iso -butyryl di-cyanide 
(226°-228 '). S.CI. *96. 

BUTYRYL IODIDE v. Butyutc acid. 

BUTYRYL-MALONIC ETHER 
C3lI,.CO.CH(CO.J*:t)... (247° 25-°]. Formed by the 
action of butyryl chloride u])oii soilio-inalonio 
ether. By nitrous acid it is counc liod into iso- 
nitroso-biilyryl-acetic; oHiei* (I,:iii;', ,/>. 20, 1326), 

I BUTYRYL PEROXIDE e. J.JuTYiiic acid. 

BUTYRYL-PROPYL-UKEA v. Butyryl dcri- 
raiwe of Propyl-up.ha. 

BUTYRYL SULPHOCYANIDE (180°). From 
hulyryl chloride and lead siilpliueyiuiide. Decom- 
poses when ])()iled (Miipiel, A. Ck. [5] 11 295). 

BUTYRYL-UREA v. Uk- v. 

BUXElNp'. An alkali. i4 cKlraeted by dilute 
oxalic acid tv(.u» tlioj^ark of the boA-li‘(‘(‘ Buxns 
sonpervirenii. Yelio\vish-\vliil.e crystalline sub- 
stance, sol. alcohol and 1. Mur, si. sol. water. 
IlNO.,^'ives a greenish-yellow colouration turn- 
ing brick-red. IFSO, give s a blood-rc.d colour, 
CJjromic acid mixture gives an orange pp. 
(Alcssandri, G. 12, 96). It- is p(!rlia.j)s identical 
with buxine. Jiarbaglia finds four alkaloids in 
the leaves and twigs of the box: buxine, para- 
buxine, buxidine, and buxiiiidiiio {G. 13, 249 ; 
B. 17, 2f-55). 

BUXiNE C„II..N03(?). An alkaloid extracted 
by dilute oxalic acid from the leavi-s of the box 
tree. White crystalline suhstanei', sol. alcohol 
and ether, si. sol. watei. UNO., give ; a purple- 
red colouration. v 'v; .s a i)riek-red colour. 

Chromic acid mixture .givos a canary-yellow pp. 
(Alessandri, G. >2, 96; Barbaglia, JJ. 4,757; 
Faur6, J. Ph. 16, 1 ^8 ; Couerhe, J. J‘li. 1854, 51). 
According to Vvi-'z (>/. 1.860, 518) buxine is 
identical with beuecrine (q. v.). 

Parabuxine C^.Jl ,^#.0 {.'*) An alkaloid oc- 
*ciirring in both leaves and lark of the box 
tree. It is a reddish-purple amorphous resin, 
Bol. water and alcohol, iiisol. ether. UNO,, 
gives a permanent greenish-yellow colouration.- 
IFSO3 gives a greenish-yellow colour becoming 
dark. Chromic acid mixture gives no pp. — 
B'^HoSO*.— B"2HCl.-B"H.JHCl4 (Pavesi a. Bo- 
I tondl, G, 4, 192 ; Alcssandri). 
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CACAO V, THEOBnfvMINB. 

CACODYL V, p. 318. # 

CACOSTEYCHNINE a,H,,N,0,„. AHnoduct 
of the action of HNO, tyi strychnine {q. v.). 
Golden needles (from dilute lINO^t) or lu‘xa;fiuial 
plains (a'om cone. IlCIAq). SI. sol. nu.'st 
menstrua, sol. alkalis, fonninij red solution?. — 
B'oILrtCl, (Claus a. Glassner, B. Id, 773). 

‘CACOTHELINE A product of 

thj’ action of UNO., on brucino.^/. e.). OrajiL^o 
lamintD (containing aq). Xffoak base ; sol. 
alkalis, v. si. §ol. hot ''rater, iiisol. alcohol and 
ether. — B'BaO 7aq. - B'. ILIHCI,; (blrccker, A. 
91, 70; C. It. 39, 52 ; Ilosengartou, A. 05, 111 ; 
Claus a. llohre, i^. 14, 705). 

CADAVEEIC ALKALOIDS V. rroMAlNES. 

CADET'S FUMING LIQUID 7'. p. 318. 

CADMIUM. C(l. At. w. 111-7. M.d. w. 
111-7 ; gaseous molecule is monatomic. i32() '] 
(Person, A. Ch. [3J 27, 250; Kudbcrg, P. 71, 
400; V. liiemsflyk, C. xY. 20, 32). (703 -772^) 

/Carnellcy a. Williams, C. J. 33, 284). 18.(4, 
(molten) 8-05, (liaminercd) 8’8 (Stromever, S. 
22, 302; Schroder, B. 100, 220; 107‘, 113; 
Malthicssen, P. 110, 21, Ac:.). Y.D. 55*8 
(Doville a. Troost, C. P. 52, 920). S.H. ((1^ 100^) 
■0518 (lUmson, P. 141, 1), -0507 (llegnault, 
A. Gh. [3] 20, 208). C.E. (linear, O^-lOO'') 
•0033*23; (cubical for 1*^) •000094 (Ivoi)p, A. si , 
32 ; Matthiesseu, B, 130, 50 ; l''i/.eau, C. U. 
08, 1125). T.C. (Ag = 100) 20*00 (Ijorouz, 115 
13, 422). E.C. (Hg at 0’=i'l) at O ', 13-40; at 
100", 9-5 (Lorenz, \V. 13, 122 a. 582). Heat of 
fusion 13,000 (Person, P. 70, 120). S.V.S. abt. 
12*8. Emission-spectrum characterised by lines 
3009-6, 3405-4, 2747-7, 2572*2, 2313*0, ’228S-9 
(Hartley, T. 1884. 03). 

Cd was discovered by Strqmoyer in 1817 in 
a speciineii of zinc carboTi.ate (<8. 21, 297 ; 22, 
802 ; V. also Hermann, Cr. A. 59, 95). The 
n&me cadmiiiiii was derived from mu'/y/n. fosiiilis 
by which name zinc ore was then known. 

Occiwrcfice.—With Zn in various unlive sul- 
phides, carbonates, and silicates, especiall}'' in 
the Silesian zinc ores (v. Damour, /. 2^r. 13, 
354; Stadler, J. qir. 91, 359; Blum, J. 1858. 
734 ; Bunsen, A. 133, 108). CJS occurs nearly 
pure as Qreoiochite at Bishoplon in Eenfrew- 
Bbire. 

Forrnatioyi . — In the disti'datioicof crude zinc 
oxide with cliarcoal ; the greater part of the Cd 
distils over before the Zn. 

Bre^aration. — ZnO containing CdO, or 
metallic Zn containing Od, is dissolved in dilute 
HoSO^Aq or HClAq ; the wanp solution is satura- 
ted with US ; tlie CdS thoroughly washed and 
dis.solved in cone. HClAq; most of the free HCl 
is removed by warming, the solution is diluted 
and filtered, and an exc(i -.s of (NH^)2C03 is added; 
the pp. of CdCOj is well Avashed, dried, and 
strongly heated; the CdO thus produced is 
mixed with ^ of its weight of pure powdered 
charcoal and heated in a retort of hard-glass or 
porcelain when pure Cd distils over (Stromeycr, 
5. 22, 362). 

Properties. — White with slight blue tinge; 
very lustrous ; soft, but harder than zinc ; very 


malleable, du^ile, and flexible ; more tcnaoic>u3 
than tin ; C]^stallises easily in monometrio 
forms, chiefly the octahedron (u. Kiimmerer, B, 
7, 1724 ; also G. Bose, P. 85, 293).^ Vapour is 
yellow. Cd does not decompose witor even at 
100"; but if Cd vapour and steam are passed 
through a hot tube the steam is decomposed 
(Begnault, A. Ch. 02, 351). Cd oxidises slowly 
on the surface by exposure to air ; when lieatcd 
ill air it burns to CdO. The atomic weight of 
Cd has been determined (1) by finding tlie V.D. 
of, and by analysing, Cdlli-o (Meyer, 1292 ; 
Dumas Jl.CV/.. [3J 55,158; Huntiugt'm'‘,P. A//Z..4. 
17, 28); anahescs of CdC..Oj (Lorisseii, J. pr. 
79, 281); reduction of CdSO, to Cd8 (v. Hauer, 
C. G. 1857. 897) ; analyses of CdO (Stromoytu*, 
S. 22, 300) ; (2) by determining the S.H. of Cd 
(Bunsen, P. 141, 1 ; Begnault, A. Oh. [3) 20, 
208); (3) by comparing, as ri'gards crystalline 
form and general reaetioifs, salts of Cd with salts 
of Zn, Be, Mg, and Hg. In the gaseous mole- 
cule CdBr.j (this is the only compound of Cd 
whoso V.D. has been determined) the atom of 
Cd is divalent. The gaseous molecule of Cd is 
monatomic. Cd is a distinctly metallic element; 
it acts on HClAq, H.SO,Aq, Ac., evolving H and 
forming salts of tlie. form CdXo wliero X,, CL, 
Br.j, SO4, CO;„Ac. ; many of these salts combine 
with tlie similar salts of the more positive 
metals (K, Ca, IMg, Ac.) to form double salts; 
but few basic salts of Cd are known, tlio most 
marked arc derived from sucli weak acids as 
]l.(Jr(),, JI3BO.J, Ac. Xo compound of Cd 
exliihits any acidic functions. CilOJJ_, aets to- 
wards acids as a salt-forming hydroxide ; it.s 
heat of neutralisation by H.SOjAq i.s about the 
same as that of tlie correspomiiug liydroxidc 0! 
IMn, Ni, Co, Fc, or Zu, [CdG ll-A(i, Tr-'SO'Aq].= 
23,8^’‘‘ (v. 'Xh. 1, 339 a. 430). CdOJL is de- 
hydrated by Jieat ; the oxide CilG is not converted 
to CdG.lLby direct addition of H.O. Cadmium 
i.s closely related to Zu, it i.s less positive tluiii 
that metal ; it is also related to Mg on one hand 
and to Hg on the other (u. Magne.sium guqup oe 

KEEArENTS). 

Jicactions. — 1. Pleated in aii\ or 0, CdO is 
produced. - - 2. Heated nearly to redness in 
bromine, CdlJr^, is formed.— 3. Aqueous solu- 
tions of hydrochloric, sulphuric, or nitric, acids 
are decomposed by Cd with formation of chloride, 
sulpliate or nitrate of the metal. — 4. Heated 
wi^h HOAq to 200^ CdS is formed (Geittrior, 
A. 129, 354); possibly sulphite and thiosulplialo 
are first formed (v. Schweitzer, G. N. 23, 293 ; 
Fordos a. Golis, A. 50, 200). 

(■nmbumtions. -Most compounds of Cd are 
formed from the oxide or other salt. Cd com- 
bines directly with the elchients 0, Cl, Br, I, P, 
S, Se, Te, and wi4h many metals {v. Cadmujm, 
OXIDE OP, Ac., and Cadmium, alloys of). 

l)ctectio7i and Bstimation. — Formation of 
the yellow sulpliide, CdS, insoluble in dilute 
HClAq and also in solution of ammoniam sul- 
phide, characterises Cd salts. Cd is usually 
estimated by ppii. as CdCOj (by K-^COsAq), the 
pp. is strongly heated, and the CdO is weighed, 
^Separation from other metals may be eflected 
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by repeated ppn. by H^S, and solution of.CdS 
In oonc. HClAq. Cd may be ppd. as oxalate ; 
on this fact is founded a volumotrio method of 
estimation. * 

Cadmium, Alloys of. Ikually prepared 
by mol ting the luetals together. Several are cha- 
racterised by low melting-points. An amalgam 
with^ Hg formnd at ordinary temperatures : 
by dissolving Cd in warm Hg, and pressing, a 
crystalline amalgam, liaving the composition 
and S.G. 12*02, is formed ; by com- 
pletely saturating Hg with Cd, oetaliodral 
crystals of Hg., C(l, melting at TiV, are prodiici.'d 
(Gaugain, C. li. 42, 4d0 ; Ih gnaiild, C. ll. ol, 
779 ; Crookewitt, J. pr. 102, (io a. 129 ; Kopp, 

46,!r4.8G). •Easily fusible alloys with J!i 
agreeing iT^omposition with the fonnuhe HiCd ,, 
BiCdo, and BiCd, are known (Matihiossen, P. 
110, 21). Various alloys of Cd with (i) lii and 
Pb, (2) Bi, Pb and Sn, (3) Bi and Sn, are also 
known ([1] Wood, D. 1\ J. 101, 108; v. Hauer, 
J. pr. 94, 430 : [2] Lipowit/, D. P. J. 158, 370 : 
[3] Wood, lx.). Alloys with Pb(Wood, C. A. 0», 
135) ; Na (Sonnensoliein, J. pr. 07, H19) ; Tl, ami 
with Tl and Bi (Carst{>,n joii , J. -pr. 102, 05 a. 12'.)) ; 
and Sn (iludbcrg, J. 1817, 7i), have be en de- 
scribed. An arsenide, AsCd.„ is said to bo 
obtained as a faintly red-coloured alloy, S.G. 
0*2G, by reducing tliearsenate by KCN (1 lescump.s, ; 
0. /i. 80, 1022 a. 1005). ' 

Cadmium, Arsenates of. Cd.,(As(),).2.311,(), 
and Cd,lL(AsO,).2.4ILO ; v. ajjsi:natj:s, under 
AliSENlC, ACIDS OF. 

Cadmium, Arsenide of. Cd.,As v. Cadiuiitsi, 
Alloys of. 

Cadmium, Bromide of. CdBr,. IMol. w*. 27 1 *2. 
[570°J (Carnelley, C. J. 33, 278). (800-^812 ) 
(Carnelley a. Williams, C. J. 3/, 120). S.C. "''j 
4-794 (Clarke, Am. 5. No. 4). H.P. [Cd,Br-J i 
75,200; [Cd,Br“,Aq] = 75,040 (Thomsen). 

Preparation. — By heating Cd to redm'ss it* 
Br vajiour; or by dissolving CdCOg in IJBrAq 
and subliming. 

Properties and Reactions. — White, ci-ystal- 
iino, non-hygroscopic, solid; soluble in water, 
ether, and alcohol; decomposed by 
(Bodekor a. Giosecke, J. .1800. 17 ; Croft, /'. ,]/. 
[3] 21, 355 ; Bertbemot, A. Ch. 44, 387 ; Bam- 
raolsberg, A. 41, 207). 

C7o7a6ina4/on.<j.— Dissolved in HA), and 

evaporated, yields long wliitc g needles of 
CdBr„.4H„0 ; these are dehydrated at 200'’ 
[CdBr“',4H-0] = 7,730 (Thoms.'ii). CdBr^Aq 
and KBrAq mixed and evaporated yi<‘ld 
2 CdBr. 2 . 2 KBr.H G, and on further ev%porali\ia 
CdBr.2.4KBr. The double salts ^ 

2CdBr2.2NaBr.5H.,0, and CdBr.ahiBr.^.llLO, 
have also been obtained (v. Ilauor, J, pr. 04, 
477; 09, 121. Croft, J. pr. 08, 399). CdJ’.r.^ 
absorbs NHj to form CdBr„.4NH., ; all NU;, is 
removed by heat.. Cone. "OtlBroAq saturated 
with NH;„ and evaporated, gives crystals of 
CdBro.2NH, (Croft, P. M, ft] 21, 355; Bam- 
rnelsberg, A. 44, 267). • 

Cadmium, Chloride of. CdCl,. Mol. w. un- 
known; probably as represented hv formula 
OdOl,. [541°] (Carnelley, G. J. 33, 2'79). (801°- 
954°) (parnelley a. Williams, C. J. 35, 504). 
S.G.^ 3-655 (Clarke, Am. 6, No. 4). S. (20°) 
140; (100°) 160 (Kremers, P.103, 57; 104,133; 


105, 360). H.F. [Cd,CP]- 93,240: [Od,CP,Aq] 
w 96,250 (Thomsen). 

Phparation.—J\y dissolving Cd in HClAq 
and heating to low njflness the crystals of 
CdCL.^H.O which sepai^ite on evaporation. 

P-^yperties and Reactions.— Pmivly, lustrous 
plates*; white powder after exposure to air for 
sometime. S. (20P-100°) nht. 140 (Kremers, P. 
103, 57 ; 101, 133). Insoluble in coy*. l-yi)lA(j. 

Combinations. — 1. Willi water to form 
etlloresccnt prisms of nilC1..2H.,0 ; [CdCr‘',21IGj 
-2,250 (TJiomsmi) ; b, - ( obtained by dissolving 
Cd, CdO, or CdCO;, in JlCIAq, (!vai)orating, and 
crvslallising. '' -2, With hydrochloric acid ami 
water io form^ JdCl.;.2iICl.7H O : obtained by 
passing IlCl iiilo CdCL.Aui; easil / dcconqiosed in 
air with evolution of liCl ; fCdCl V^HClJll A)] - 
10,200 (Bertlulot, C. R. 01, 1021). -3. With 
ammonia, ±o form CdCL,.0Nll., and CdCl.,.2N 1 1 
CdCl,.CNll 3 is obtained" by ]nissing Nil., over 
CdCl.j,or by passing I tCl into CilCI.A(i eontaining 
exc'’ss of Nil., until the NIT,, is iiaitly neutral- 
ised. Loses 4NJI,, by cxposiiro to air, leaving 
C«lClo.2NrT., ; tin's compound i.s iil.so produced by 
exposing to air a s(»hition of (MCI., in excess of 
warm NJl^x^q (Croft, P. M'. [Oj 21, 55; Schuler, 
A. 87, 34; V. Hauer, J. ]»'. 01, 477; v. also 
Amir*'*, C. R. 104, 908). — 4. With viirious metallic 
chloriites to form double salts. These salts liavo 
been preparcul chielly by Croft (Z’. ilL [3J 21, 55), 
ami v. Hauer {J. pr. 03, 132 ; 0 (, 477 ; 00, 176; 
09, 121) ; their er \ si al lint'! bu rns, and tluj thermal 
conductivities of some of tbem, have been de- 
tcrmineil by Grail ieh {J. 1858. IH2), and v. Lang 
{P. 135, 29). 4’liese doubl*'. coiiqtomids ai’O ob- 
tained by evapoiatiiig mixed solutions of the 
two chlorides; the cliief are : — 

2CdC1...2NTI^01.!J ; (MCl JhiGl... 4Tr„0 ; 

CdC1...4NlI,Cl; ' 2(MCr.l!a(.llL>ilA); 

2CdC1...2 IvC) .xl„0 ; 2< MC r,. Si Cl.,".7 1 1 .0 ; 

CdCl... llvCl • “ 2C<lCl.;.CaCL.711.0 ; 

CaC1^.2Na01.3n,J ; C*lCl.>2(JaCl,..121T„0 ; 

CdCl ,.2MgCL.12i40 ; 

CdCl,.xMCU.12H,0 
when M = Co, Fe, Mg, IMn, or Ni ; 

CdCl.,.CuCl.,.41LO. 

5. With the hydrochlorides ('f many organic 
bases to form floubl*.; salts; r.g. with toluidine 
4(C-H„N.lICI).3CdCl...L IL.O (Williams, C. G. 
1850. 47 ; Galletly, C. C." 1850. 000). 

Cadii.iuni, Cyanide of. Cd(CN),.. Prepared 
by evaforrtii'g 4vCX.\*i with CdCLAq (v. 
Cyanides). 

Cadmium, Fluoride of. CdF.^. Mol. w. un- 
known; probably as I’Opre.sented by formula. 
[520°] (Carnelley, G. .7. 3^}, 280). S.G.'f- 5*994 
((Jlarkc, Am. 5, 4). Hard, white, crystalline 

muss; by evai-nratiiig solution of CdO in 
IIFAq; not easily soluble in xvater; much 
moro soluble in HFAq (Berzelius, P. 1, 20). 
By dissolving Cdl) a*d oxide of Sn, Zr, or 
*Mo in llF.'Vq, and evaporating, the double com- 
pounds CdF.,.SnF.,.011A), 2CdF.,.ZrI*\.0H,,O, and 
CdF.,.2ZrF^.0H,,O, were obtained by Marignao 
(Anii.M. [5] 15,221; A. Gh. [3] 60, 257); and 
the double compound CdF^^.MoOjFjj.CHjjO by 
Dclafontaine {J. 1867. 230). • 

Cadmium, Hydrated oxide ol^ Cd0.n20 V, 
next urticlo. 





Cadmium, Hydroxide of, CdO^Hi. A white, 
anioiphous solid, obtained by adding EOHAq 
to a ^ate aqueous solution of a Gd salt, ^t^ash* 
ing with warm water. And drying at 100^^200® 
(Sohaffner, A. 61, 168;.' According to rTickUs 
(J. Ph. [3] 12, 406) CdO^II, is obtained ir crys- 
tals by keeping Cd in contact with'*Fe in 
NHjAq. De Schulten (C. U. 102, 72) describes 
the ftvmait^jon of hexagonal crystals of CdO.H.,, 
S.G. ^°4*79, by dissolving 10 grams Cdl^ in 160 
o.c. HjO mixed with 360 grams KOII contaih- 
ing 13 p.c. H^O, heating till all is dissolved, and 
cooling. Thomson gives the thermal value 
[CdiO,rr“0] = 65,680; and the fwlowing values 
for the heat of neutralisation solid CdO.Jlj 


(T/i. 3 , 285) : . 

* 

Q 

[M.QAq] 

H2SO4 

24,200 

H.,N., 0 . 

20,6*20 

H‘s.;o, 

20,360 

H.C12 

20,290 

H.;Br2 

21,560 

HJ, 

24,210 


The quantity of heat produced with the three 
haloid acids increases as the atomic weight of 
the lialogcn increases ; in this respect CdO.Ho 
is analogous to the corresponding compounds of 
Ilg and rb, and dilfer.s from those of Ihi, Ca, Sr, 
and Mg. CdO.H, loses 11,0 at 300''^ (II. liose, 
P.20, 152) ; Clio is not hydraii-d by contact with 
HoO; according to tli(3 tliennal values given by i 
Thomsen {Th. 3, 285 ; and V. 113, 354 a. 107) the 
reaction CdO + J 1,0 = CdO, I I. would require the 
expenditure of about 10,000 units of heat. 

Cadmium, Iodide of. Oil,. Mol. w. un- 
known, but probaldy as represented by tlie 
formula. [40t"J (Carnclley, G. J. 33, 278). 
(708''*' 710°, with d(;composition) (Carnelley a. 
Williams, C. J. 37, 126). S.O. 5-C44, and 
4*626 ('U. J^vfparnlion a. P^oprrtic^). H.F. 
[Cd,!*]- 48,830; [Cd,F,Aql - 4^.870 (Thomsen). 
V, = Vo (1 -f* 0(){)0H748/), t\h)i greater than 40° 
(Fizean, C. 11. 61, 311). 8. (20 ) 02*6; (60°) 
107*6; (100°) 133'3 (Kremers, P. 103, 51 ; 101, 
133 ; 111, 60). 

Preparation and Properties. 1. By heating 
together Cd and I, in the ratio Cd:L, in aijsence 
of air. — 2. By digesting together Cd and I under 
water (Stromoyer, S. 22, 362). — 3. By tnapora- 
ting a solution of 20 parts KI and 15 ]){i.rts CdSO, 
to dryness, dissolving in alcoiiol, and crystaili- 
Bing (Vogjd, N. It. P. 12, 303). — 4. By dissolving 
CdCOs in ilJAq, decolonrisfng h|. addition of 
clippings .of Cd, and crystallising (Clarke, Am. 
6, No. 4).— 5. By dissolving Cd in JllAq, ev.apo- 
rating, and crystaili^ hig (Clarke, Lc.). Accord- 
ing to Clarke (/.c.) Cdl, (|\ists in two forms ; tlio 
normal salt is wliitc, is unel^anged by heating 
to 250°, and lias H.G. 51)14 ; tlie other s.alt is 
brownish, loses weight even at 40°, and has 
S.G. 4*626. The conditions under wiiich l!ie 
less stable salt is foitnod have not yet beim 
exactly determined ; Clarke obtained it twiert.* 
by the action of IIlAii on Cd and on CdCO.^. 
The S.G. of the less .staldc salt increases ]»y 
heating to 50° for some time. If the formula- 
weight Cdl, is divided by the S.G., the results 
arc, for the stabler salt "Ol’H, and for the Ics.s 
stable salt 79*2; now S.V.8. of Cd + B.V.S. of 
L^-64*3 (Clarke, l.c,). 


QorMnations*’^!, With ammonia to form 
Cdl 2 . 6 NH|^and CdX 2 . 2 NH 3 ; obtained as the 
corresponding CdC 4 compounds (q. o.) : both are 
decomposed by Hj© with ppn. of CdOaHjj (Kam- 
melsberg, P. 48.. 153).— 2. With some metallic 
iodides to fom^ double salts; Croft (J.pr. 68 , 
309) described OdI 2 . 2 KI. 2 H 2 O (aqueous solution 
of this salt pps. most of the organic bases 
from plants ; Marm 6 , N, E. P. *16, 306) ; 

CdI 2 . 2 NHJ. 2 H 2 O ; CdL..2NaI.6H20 ; 
Cdl 2 .Bal 2 . 5 Il 20 ; and CdL.Srl^.SH.O. Clarke 
{Am. 6, No. 4) obtained Cdla.SIlglj as gold- 
coloured plate^’. 

Cadmium, Oxide of. CdO. Mol. w. unknown. 
S.G (amorphous) 6*95, (crystalline) 8*11 (Stro- 
meyer, S. 22, 362; Wertlier,^ J. 5/5. liiS ; 
Schiilcr. A. 87, 34 ; Sidot, G. E. ; Fol- 

lenius, Fr. 13, 279). H.F. [Cd,0] -75,500 (cal- 
culated from data given by Thomsen, Th. 3, 
285 ; P. 143, 354 a. 497). 

Preparation. — As a dark-brown, amorphous, 
infusible, powder, by burning Cd in air or 0 ; 
or by strongly heating CdO.JI,, or CdCO.,. As 
black-brown very small ‘ octahedra (or other 
forms of the monometric system), by strongly 
lieating Cd. 2 X 03 , or CdS(54 (Werther, i.c. ; Schil- 
ler, Lc . ; Ilcrapath, B. J. 3, 109). 

Properties <(V. — Brdiiced to Cd by heating 
with 0. At red lieat Cl forms CdCl 2 . 
Ileadily combines with CO., forming CdCO,. 
Dissolves in aqueous acid with production of 
Cd sails. Thomsen (P. 143, 354 a. 497) gives 
the thermal values, [CdO,ll-8()'Aq] =- 14,240 
for crystalline CdO, and 14,510 for amorphous 
CdO. 

Marchand (P. 38, 145) supposed that a 
lower oxide than CdO was formed when CdC ,04 
was licated; jb^t Vogel’s experiments {J. 1855. 
390) seem to prove that tlie sul)stanco was a 
mixture, in varying proportions, of CdO and 
Cd. 

! By the action of n„0.,Aq (about 3 p.c. H^O,) 

: on i^-=:ist CdOJf.,, HaaV(B. 17, 2219) obtained 
an oxide of Cd containing more O tlian CdO. 
Analyses gave results agreeing fairly with the 
formula Cd.,0,,, in one case with Cd,0-. These 
results WTi’C confirmed by Bailey (G. J. 49, 484) 
who obtained Cd.,Oji by the action of H.,0.,Aq on 
CdSOjAq followed by addition of NH;,Aq. The 
pp. obtained by these methods may have been 
a mixture, or possibly a loose compound, of 
CdO and C40, (u. Haas, Lc. 2255). 

Cadmium, Phosphides of. Cd and P are said 
to combine when heated together to form a 
gpy, sli^ditly metal -like, mass, which burns in 
an to phospliates, and dissolves in HClAq with 
evolution of ITI, (Strom eycr, S. 22, 362). 
According to B. Benault (G. It. 76, 283) wlien 
P vapour is pa.ssed over hot Cd, two phosphides 
arc formed, Cd^Po and Cd.,P. Oiipenlieim {B. 6, 
979) di'si-ribes CdaP 2 as a grey, metal-like, crys- 
talline sul)stan(?e, produemi by heating CdO 
with KOH.'Xq and^, and heating in H. 

Cadmium, Salts of. Compounds obtained by 
repflieing the H of acids by Cd. The Cd salts 
form one series CdX.,, when X.,--C1.,, (NOJj, 
(CIO,).,, SO,, CO„ IlPO,, &c. The V.D. of one 
sal^., CdBr.j, lias been detennined ; from this 
result, and from the similarities between the 
salts of Cd and Zn, it is probable that the 
gaseous molecules of the haloid Od salts BXO 



- ^ OiESIUM. 667 

oonreotly represented by the formula CdX, where Name given because element characterised by 
X»F, 01, Br, or I. greater number of the two skylblue (casiiis) lines in the spectrum, 
salts . of Od are soluble in wrfter ; the aqueous Occuifrence. - -Never fr^e. Salts very widely 
solutions- redden blue litmus psmer ; they are distribuijd, but in very suiall quantities, along 
poisonous. The haloid salts aw not decom- with Bb,5chinfly as chloride and oxido ; in many 
posed by heat; salts of volatilisablo acids give mineral!^ and miiinral watirs, in seawater and 
CdO when strongly heated. Many Cd salts are sea weed, in residuc'cs from saltpetre refining, 
isomorphous* with corresponding salts of Zn ; in ash of tobacco, tea, coifoc, and oak \pood»<feo. 
some, especially more complex double salts, are (v. especially Luspoyres, A. l‘M, 819 ; i38, 826 : 
isomorphous with corresponding salts of Mg, alscf Smith, .4m. <t>. [2J 49, 33o ; iirdniann, Xpr. 
Ni, Co, and Zn. A great many double salts ■ 8(5, 377; Grandeau, C. II. 63, 1100; Lonstadtf 
containing CdX2(X"Cl,lir,I) are ^-iiown; but C. N". 22, 25 a. 44). The rare mineral 
few basic salts of Cd have been prepared. Tlio from ]51ba, acenrding to analyses by Pisani, 
principal Cd salts are borate ; bromite ; car- cojitains 34 p.c. oxide combined with silica, 
honai^^s clilora^t 'perchlorate; chromate; and is free from Itb (.^1. 132, 31). 
cyanates^ iodate^ periodate; molybdate; Preparation. — 1. The mother liquor, obtained 

nitrates^ nitrites; phosphates, 'phosphite; sclc- by repeatedly evaporating the water of the mine- 
nates, selenite; snlphatas, sulphite, &c. ; hnuj- ral spring at Nanheim, and separating from the 
state; vanadate', v. Bohati^s, CAiir.oNATJis, iVc. crystals whicn form, contains nearly p.c. CsCl. 

Cadmium, Selenide of. CdSo. Golden yellow, Fe, Al, and the alkaline cartli metals, are 
metal-liko, crystalline, mass; by heating Cd in removed in the usual way ; the liquid is evapo- 
Se vapour ; S.G. 8 79 (Stromeycr, S. 22, 3(52). rated, and heated to volatilise ammonium salts 
The same body is said*to be formed as a dark- added in the preceding processes ; the residue is 
brown pp. by passing IIBo into solution of a dissolved in water and the Cs and lib are ppd. 
Cd salt (Vigicr, 2)7. 1801. 5; lionault, G. ii. 70, as double chlorides of Cs, or lib, and Pt, by 
283). addition of rtCl,Aq. The pp. is boiled in 

Cadmium, Silicofluoride of. CdSiP,,. Long, ■ a very Utile water, and allow'ed to settle, the 
columnar, doliciuescont crystals, obtained by water is poured off whibi still liot ; this procos.s 
action of II;,SiF„Aq on CdO (Berzelius, P. is repeated about 20 times, when the pp. will 

I, 26). * be quite free from K PICI,. and will consist of 

Cadmium, Sulphide of. CdS. Occurs native Cs.PtCI,, mixed w’ith lih^PtCIi,. Tlio pj). is now 
in hexagonal prisms (u:c = l:'vSl2.r>7) as Green- ■. rt'duced in IT, CsCl and libCl are dissolved out 
ockite. Obtained as an amorphous yellow solid, ^ in boiling 11,0 (Bottger, J. pr. 91, 120). The 
by repeatedly heating to dull, redness CdSO, in mi.xed chlorides arc converted into sulphates, 
H.B (v, Hauer, J. pr. 72, 338)’ ; by passing ll.B these are dissolved m H.p, BaOAq is added, 
into a slightly acid solution of a Cd salt; by BaS04 is removed by filtration, and tlie filtrate 
heating Cd with SO.Aq (Geit^i ^4* 87, 31; is evaporated to dryness in a silver dish after 
Fordos a. Gelis, A. 50,200; Schweitzer, O. N. addition of (NIIJoCO,; the residue is dried, 
23,293). Obtained also in crystalline form by ■ dissolved in water, ^BaCO,., removed by filtration, 
fusing the amorphous CdS with K„COs, and S | and twice as muclr H.^.O^H^Oa is added as ii 
(Schuler, .4. 87, J4); by heating OdOl.^ In 11 B; ! reej aired to nen'raU^o the solution of Os.^CO, and 
or by melting together CdS04, CaFj, and ’.hiS BbXO:, ; the liquid is evaporated at 100° and 
(Troost a. Deville, G. Ii- 52, 920). CdS is also crystaili ed ; the pp. consists of CsH.C4n40B 
produced in crystals, but in small quantity, by mixed w 7b Bbll.C^IIiOo. As the latter salt 
passing S vapour over strongly heated CdO, or requires 8 iimos as much Iip as the former for 
Cd (Folleiiius, Fr. 13, 411 ; Sidot, C. Ji. 02, solution, the two salts may he completely 
999). Crystalline CdS is non-volatilo at any separated by fractional i)rc(*ipitat ion ; this pro- 
temperature ; it dissolves easily in boiling cone, cess is cojitinued until the crystals of Cs 
nClAq, or dilute H.,SO,Aq (Follenius, l.c. ; tartrate do not show a trace of lib in the 
Hofmann, A. 115, 280) ; S.G. 4-5, when melted spectroscope (Hunsen, P. 119, 1 ; Allen, P. M. 
4-6. Schiff (A. 115, 74) described <^dS, as a [4] 25, 180). By heating (lie tarlrato, and 
yellow powder obtained by the action of K.B.Aq dissolvin'; tWi residue ^in ILSO^Aq, and ciystal-. 
on a neutral Cd salt in solution ; acconliiig to Using, Cs BO, n: .\y be prepared ; this is dissolved 
Follenius (Fr. 13. 411) this yellow Boh^ is a- inILO,decomi)osed by BaOAq,andthe soiiitionis 
mixture of CdS and S. / filtered and evaporated to d ■ y ness in a silver dish, 

Cadmium, Sulphocyanide of. Cd(CNS)... Ob- when CsOH is obtained. Tlis CsOTT is tlissolved 
tained by action of HCXSAq on CdC(3^; v. in absolute alcohol, and eVy IICN is passed into 
SULPHOCTANiDES, Under CYANTr)KS. this solution : CsCh thus obtained as a white 

Cadmium, Telluride of. CdTe. Black crys- solid (Setterberg, A. 211, 100). A mixture of 4 
tals, S.G. 6-20, by heating Cd ^vith To, and parts CsGN and 1 pe d Ba(CN)2 is heated just to 
subliming the product* in II (Margottet, G. U. ; melting in a porcelain crucible, and an electric 
85, 1142). • M* AI. R M. cu|ront from 2 or 3 Bunserf cells is passed into 

' CADMIUM ETHIDE CdEt,. Obtained in the'molten ma.ss, in the manner described by 
impure condition, from EtI and Cd. Takes firo Bunsen (P. 155, 633). The contents of the 
in air (Wanklyn, 0. J. 9, 193; Sonneuschoin, ; crucible are then warmed under petroleum when 

J. pr, 67, 169). i tbe metallic Cs melts into globules (Setterberg, 

CIESIUM. Cs. At. w. 132-7. [26°-27°i | 4. 211, 100).— 2. The mixed chlorides of Cs and 

(Setterberg, 4.211, 100). S.G. 1-88 (Setter- Rb, obtained as in 1, are converted into sul- 
berg, l.c,). S.V.S. 70*7. Discovered by Bunsen ! phatea, and then into alums by adding- 
and’^rchoff as chloride in the water of a ALSSOiAq and evaporating. Bb alum is 4 
mineral spring at Durkheim (P. 113, 342). limes more soluble than Cs alum; Cs alum 
Yofc I " 
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mAj be obtained quite free from Bb by a few 
crystallisations. The Os alum is dis^lved in 
hot HjO, and ppd. by NH,Aq, the liquid ^ filtered 
from Al.p„ evaporatsd to dryness in I Pt dish 
and strongly heated to remove ; the 

residue is dissolved in H.p, and Bf-ClaAq is 
added so long as a pp. of JiaS 04 forms ; the pp. 
is filtewd off, NHjAq and (NH,).^C 03 Aq are 
ad^fed td the filtrate, the liquid is kept warm 
for some time, and is then filtered from , any 
BaCOa which has formed; the filtrate is eva- 
porated to dryness, and heated to fusion; 
dolution in H.^0, treatment vyith NfI{Aq ami 
(NHJjCOa, evaporation, and fus’on arc repeated ; 
finally CsGl is obtained by dfcsolving the fused 
mass in Il^O, and crystallising (Godeffroy, 
A, 181, 176 ; Itedtcnbacher, J. pr. 05, 148). 
This is converted into Cs^S 04 and then into 
CsOH which is treated as described in 1. — 
3. Lepidolito (a silicate of Al), from Hebron, in 
Maine, U.S.A., contains about *4 p.c. Cs oxide 
and *2 p.c. Bb oxide. The powdered mineral is 
well mixed with 2 parts freshly slaked CaO, 
and very strongly heated for some time; tlie 
mass is powdered, half its weight of cone. 
H,BO,Aq is added, followed by water; the 
whole is boiled, filtered, and evaporated to 
dryness; the residue is dissolved in water, 


ofV.D. of CsOl, and analyses of the same salt; 
by Bunsen (P. 113, 863 ; 119, 4), by Johnson 
a. Allen (Am. 36, 94), and by Godeffroy 
(A. 181, 185) ; (2) by comparing the reactions 
of Cs compoi'iids with compounds of Li, K, Na, 
and Kb. One gaseous compound of Cs has been 
obtained; the S.II. of the metal has not been 
determined. Cs is positive to all oilier elements 
{v. Alkali mktals). 

Combinations . — No compounds of Cs have as 
yet been prepared directly from the metal. When 
cone. CsClAq is electrolysed witli Pt as the +, 
and Hg as “the — eleelrodo, an amalgam of Cs 
and Hg is formed, and solidities to a white 
crystalline mass ; the Cs in this amab;aii, very 
quickly oxidises to CsOll. , 

Defection and Estimntion.-^lost of the 
salts of Cs aro easily soluble in water. Cs salts 
I may be detected by the comparative insolubility 
I in iPO of Cs.PtCl^ (v. I'rcparation, No. 1), and 
I by the spectroscope. There is no satisfactory 
method for separating and estimating Cs salts; 
the pp. by PtClj contains KhlHCl^ and a little 
KiHCl,;; by repeating the ppn. the pp. may bo 
obtained almost free x*rom KPlCl,;*, tlio pp. is 
tben reduced in II, the CsCl and KbCl dis- 
solved out, the liquid evaporated and the residue 
weighed; the Cl is then estimated and the 


filtered from 0 aS 04 and evaporated until the 
alums of K, Cs, and Bb crystallise out. About 
4 kilos, of the crude mixed alums was prepared 
by Setterberg (A. 211, 100), and dissolved in hot 
water, so that the solution had S.G. = 20'-’ 
Beaum6 ; tliis was cooled slowly to 45^^, when 
the Cs and Bb alums w-ro deposited, as they 
are insoluble in cold cone, potash alum solu- 
tion. The alums were dissolved in a little hot 
water and again cooled, and then solution and 
crystallisation was continued until the crystals 
were free from potash. Cs a'lum is 4 times loss 
soluble in 11.^ than Kb alum, and is insoluble 
in a saturated solution th’e latter; the mixed 
alums were dissolved in a little hot water, and 
alloAved to cool, when Cs alum sepa ated witli 
a little Bb alum; this process was repeated 
until pure Cs alum was obtained. The alum 
was dissolved in hot water, enough BaOAq 
added to ppt. Al^O., and all the H.,SO„ the 
flolution was filtered off and evaporated to 
dryness : the CsOH thus obtoined was dissolvt'd 
in absolute alcohol, and CsCN was pr». pared ; 
the CsCN was then electrolysed as described 
in 1 . (For other proccs.ses for'^ preparing pure 
salts of Cs V. Godeffroy, B. 7, '241 ; Cossa, B, 
11 , 812 ; Stolba, D. 1\ J. 197, 33G; 198, 225; 
Sharpies, Am. Ch. 3, 453. For an account of 
attempts to prejiaro the metal by various 
methods similar to thSso used for preparing Bb, 
V. Smith, Avi. Ch. 6, 10<3.)‘' 

Properties. — Silver white, soft, ductile, metal; 
oxidises rapidly with production of lieat and 
light in air; decomposes 11^0 at ordinary 
temperature with inflammation of H produrLd. 
Melts 20^-27' ; S.G. at 1-88 (Setterbeig, A. 
211, 100). Spectrum characterised by two lines 
in the blue, Cs„ - 4560, Cs^ = 4597 ; *00005 mgm. j 
Cs may be detected by the spectroscope ; *003 
CsCl may be detected in presence of 300-400 
parts of KOI or NaCl ; *001 CsCl in pre-sence of 
1600 LiGl (Bunsen, l.c.). The atomic weight of 
Os has determine (1) by determination 


quantity of CsOl is Ciilcnhiled. 

CsBsiuiu chloride CsCl. Mol. w, 168*07 
I (Scott, Pr. E. 1888). For jn-epavation i’. C.ksiuii, 
I Preparation, No. 2. Small, white, cubes ; not 
delicpicscent when pure ; j^iiidially decomposed 
by molting in air, residue is alkaline. Melts at 
low red heat, and volatilisi.-s at a higher tempera- 
ture. Easily soluble in ILO and alcohol. CsOl 
forms several double compounds, insoluble in 
' cone. nClAq, with other metallic chlorides; they 
aro obtained by adding CsCl in cone. HClAq ton 
solution of the otlior chloridn also in cone. 
HCIA<|. Tlie following are known : 2CsCl.CdCl2, 
2(;4Cl.HgCl,., 2CsCI.ZnCL, 2CsCI.CuCl2, 

: 2CsCl.MnCC, 2CsCl.x\i01.', 2CsCM‘dCl,, 

; 6C.sCI.Fe,C)‘, OCsCl.lhCl.*, fiCsCl.SbClj, 

CsCl.AnOlg, 20sCl.rtCl, (Sto'lba, D. P. J. 198, 
225 ; Godeffroy, B. 7, 375 ; 8, 9) ; 2CsCl.rtCl4, 
S. (0^^) '024, (100'^) *377. When molten CsCl ia 
electrolysed in an alrjosphere free from 0, a 
small blue mass is obtained which is dissolved 
I by ILO with evolution of II ; ])robably this 
duo to fc matiun of a subchloride. 

Ceesiura cyanide CsCN. Prejiared by the 
action of dry IICN on CsOH dissolved in 
absolqto alcohol ; v. Cyanides. 

0 CEDsium hydroxide C.sOH. Mol. w. unknown. 
Prepared (as described under Cj'ksidm, Pre« 
paraiion. No. 1) by decomposing Cs^SO^Aq by 
BaOAq, filtering off BahiO,, and evaporating to 
dryness in a silver dish. Grey-white solid, melt- 
ing below rediicss; undccoinposcd by heat; deli- 
quesees in air, with prodaction of much heat, to 
form strongly a'kaline CsOlIAq. 

C<£siuin oxide. An oxide of Cs has not yet 
been prepared. 

Csosium, Salts of. Compounds obtained by 
replacing H of acids by Cs. CsOHAq acts as a 
very strong base. The salts belong to one 

BorieB CaX where X = 01, NO,, ^ Ao.; 

1 the formulas are established from the vapour 
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density ol CsCl, (Scott, Pr. B. 1883), and 
also by oomparing the salts with those of the 
other alkali metals. The sal^ of Cs are very 
similar to those of Bb ; they are well marked, 
stable, compounds; no basic sails are known; 
BO far as investigation has gone the Cs salts 
show a marked tendency to form double salts. 
Most of the* salts of Cs are soluble in water; 
the solutions are ppd. by rtCl,Aq (yellow), by 
Ha.C 4 H 40 ^Aq (white), by IIClOiAq (wliite), and 
by silicotungstic acid (white). The chief salts 
are carboTiates, nitrate^ sclenatcSf sUicotungstatCt 
auljpIiateSf tartrate (v. Cauhonatiss.^Vc.). 

M. M. P. M. 

C.AFFEIC acid C„H,04 i.e. 

[4:3:11 '.^^Jrj!f,.CH;CH.CO,H. Di-oxij-ciii- 
naniic acid» ^Di-oxij-phGnyl-acj'ylic acid^ 

For?)iatio)i. — 1. By boiling Gaffetaiinic acid 
with aqueous KOH (Hljisiwetz, A. 142, 221). — 
2. From its acetyl derivative. — 3. Powdered 
cuprea bark is extracted with ether followed by 
alcohol ; the residue is boiled with aqueous 
KOH, H;,SO, is addoc^ and the liquid liltcrod 
while hot. The filtrate, when cold, is exhausted 
with ether, and the etL.;real solution, after de- 
colourising with animal charcoal, is set aside to 
crystallise (Cr. Kiirner, [3j 13, 2 Ifi). — !. From 
hemlock (in which it is combined with con- 
hydrine?) (Hofmann, JJ. 17, 1322). 

Properties. — Yellow monocliuic tables (con- 
taining .;i,aq), V. e. sol. alcohol. The aqueous 
solution is turned green by Fc.Cl^, on adtling 
NajCOj it then changes to blue and violet. It 
does not reduce Fehling’s solution but rediu'‘es 
warm ammoniacal AgNOj.* Its solution in 
KOHAq turns brown in air. 

Eeactions. — 1. Dry distilla'jm gives pyro- 
catechin. — 2. Potash fusion iaii;u protocate- 
chuic acid. — 3. Sodium amalgam reduces it to 
di-oxy-phcnyl-propionic acid. 

Salt s. — C m.A'j 3a<i. Sr A'., laq.- BaA'.^ 4aq. 
Ba,(C„H,Oj 2 9« i.— Ph,(C,TI,o;), 2aq. 

Mono-methyl derivative v. Fisuoiiic 

ACID. 

Di -methyl derivative 
OeH 3 (OMe),.Cil:CH.CO,H. [1801. Formed by 
saponifying the ether or by heating cal'feic or 
forulic acid with Mel and KOH. White needles. 
Sol. alcohol and ether, nearly insol. water. On 
oxidation with KMuO, it produces veratric acid. 
Methyl other A'Me. Prisms. Pre- 

pared by methylation of isoferulic acid (Tie- 
mann a. Will, B. 11, 051 ; 14, 353). 

Methylene ether 

OH,<Q>C«H3.CII:CII.CO.,n. [232°]. ^'orm*/l 

by boiling piperonal CHyOa:OJI,.ClIO with 
NaOAc and Ac^O (Lorenz, B. 13, 757). Minute 
crystals (from dilute alcohol). Cone. ilBOi 
forms a brick-red solutioti. — AgA'. 

Acetyl-victhyl jderivatwe v. Acistyl- 

FBBULIO ACID. 

Di-acetyl derivative • 
CJB[,(OAc).,CH:OH.COaH. [191°]. FromcailiVio 
acid and Ac^O or by heating protocatechuic alde- 
hyde (2 pta.) with NaOAc (2 pts.) and Ao.p 
(6 pts.). Slender needles. V. si. sol. water, v, 
iol. alcohol and ether (Tieniann a. Nagai, ©. 
11, 669). 

Hydro-oaffe'io acid v. Pi-oxy-puenyl-pbo- 
nomo ACID. 


669 

CAFFElDINE C 7 H,aN 40 . Formed, together 
with m^hylamine, CO.^, and NH,, by boiling caf- 
feine will cone, baryta-water (Strecker, A. 123, 
860; 151,1; C. B. 62, 1269; Schmidt, B. 14, 
816; Sc^ultzon, i?". 1867^ 6x6). Alkaline liquid. 
Sol. wat, r, alcohol, and chloroform, si. sol. ether. 
Long bailing with baryta-water gives mcthyl- 
amido-acetio acid, formic acid, CO., and NH,. 
Chromic acid oxidises it to di-metliyl-||*car«do, 
niethylamine, CO.„ and Nil.,, (Maly a. Audreasoh, 
M. 4, 381V EtI forms C,] I ,, MtN^O. 

Salt 8.—B'IICI.— 1 V.. 11, PtCJ, laq. 

CAFFElDINE CARBOXYLIC ACID 
C,,H,2N,02. Prepared by tlio gradual solution of 
caffeine in dilut MiOIlAq ; lln's solution is 
neutralised with HOAcanu Ihe e<q ^ cr salt ppd. 
with Cii(0Ac) 2 (Maly a. Andrt'asch, M. 4, 389), 
Very soluble erystallino mass; its aqueous solu- 
tion on boiling gives off CO.and leaves caffi'idine. 

Salts. -KA': golden syni]). lIgA'o2IIgCl2: 
bnlkypp. — CuA'.^i minute crystallincgranules.— 
CaA'...— ZuA'.,.— CdA'.,. -MgA'... 

CAFFEINE C,H,‘N,0„. Thane. [230-5M. 
S.O. 1-23. S. 1*35 at 10°; 'I5 (; at 05° (ConJ- 
luaiJle, C. R. 81, 817). 8. (alenlud) -(il at Itl’; 

3-12 at 78\ S. (ether) -0 1 1 at iO '. S. (OS.) -00 
at 10°. S. (chloroform) 13 at 10 

Occurrence. — 1. In colTcio berrio.s and leave! 
(Piimge, Materialien zur Thyloluyic, 1820; Ston* 
liouse, P.M. [4J 7, 21 ; Pfalf a. Liebig, A. 1, 17). 
Coffee berries contain from 1 to 1*28 p.c.cuffeine; 
roasted coffee about 1*3 p.c. (Paul a. CuwnJcy, 
P/i. [3] 17, 505; cf. Sienhouse a. Campbell, C, •/. 
3, 33 ; A. 83, 2 1(>). — 2. In tea leaves (Oiidry, 
j\Ug. Pliarm. 13 13; Jobst, A. 25, 03 ; Mulder, 
P, 43, 100). Tea contains 2 to 1 p.c. — 3. In 
gnarana, the diie<l pulp of I'aulinia sorbitis 
(Martins, A. 30, 33). (.ruaraiia contains about 
5 p.o. of caffeine. -- 4. In Math or Paraguay tea 
the leaves and twigs of Ilex Paraguay emsis (Sten* 
house, P. '3] 2.‘3, 12r>). 5. In the seeds of 

th*' Ivola fico [Cal i acuminata) of West Central 
Africa, to the amount of 2- 13 i).c. of tJio dried 
seed (aM, field, Ph. [2J 0, 457). - 0. Present to a 
Biuall ex eut in cocoa (E. Sclimidt, .1. 217, 300). 

Formation. By healing silver theobromine 
with Mel for 20 hours at 100' : caffeine is thus 
sliown to be methyl-thoobromiiK' (Stia^ckcr, A, 
118, 151 ; E. Sehm'idt, A. 217, 282). 

Prcparativn. — l. Tea or coffee is exliaustod 
with boiling water; tannin is ppd. by lead sub- 
aectatf ; +he filtrate is freed from lead by 
and evj poiaited to crystallisation (Peligot, if. Gh. 
[3] 11, 11:3). • 2. Baw ground coffer (5 pts.) is 
mixed with moist lime (2 pts.) and *'xtractc<l 
with alcohe-i, chloroform, ar benzene, from which 
the caffeine cryslalli. < s or* evaporation (Vers- 
mann, Ar. Ph. [2] 08 148; Vogel, u. G, 
1858, .307; Vayev A.Ch. [3] 26, 108; Paul a. 
Cownley, Ph. [31 17, 505). ~3. Tea or coffee ia 
boiled with water -md Mther the whole, or else 
the filtrate, is evaporated to a syrup, mixed with 
sJaked lime and cxtraciied with chloroform 
(Ahbert, PjUlgcr's Arcliiv, 5, 583 ; Cazenouvo a. 
Caillol, Bl. [2] 27, 193).— 4. By sublimation 
from tea (Ileiynsius, J. pr. 43, 317). — 5. A de- 
coction of tea is evaporated with PbO to a syrup, 
K.BO., is added, and caffeine extracted by alcohol 
(Grosschoff, J. 1800, 470). 

Properties. — Mass of slender silky needles 
(oontaining aq) ; begins to sublime at 79° 

U D 2 
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M . SI. Bol. cold water and alcohol, v* si. 

er. The crystals from alcohol a^ ether 
are anhydrous. Weak base; the sain being 
decomposed by wa^r; does not aftsot red 
litmus. Tastes bitter. Produces tetafus and 
rigor in the voluntary muscles of frogs ij4ubert ; 
Brunton a. Cash, Pr. 42, ^38). In men it in- 
creases the heart’s action, excites the nervous 
system, Vnd diminishes metabolism (?) (Leh- 
mann, A» 87, 205). Cailcine gives a yellow |)p. 
with phosphomolybdic acid. 

JUstmuii ion. -The various methods of pre- 
paration may also be used for estimation 
(Stenhouse, A. 102, 12C; Lievcnthal, 0. G. 
1872, 631 ; Weyrick, Fr. 12, llH ; P^ligot, Bep. 
Pharm. 82, hlO ; Claus, J, 18{)3, 708, Zollcr, J. 
1871, 818 ; Mulder, J. pr. 15, 280 ; Commaille, 
Bl [2] 25, 261; Paul a. Cownloy, Ph. [3] 
17,565). r 

Colour Evaporate with chlorine- water 

on platinum-foil. A yellOAvish residue is left, 
which on furtlier heating becomes red, and is 
turned purple by ammonia (Sohwarzcnbach, J. 
1861, 871; 1865, 730). Xanthine, theobromine 
and uric acid also give this test. Caffeine 
evaporated Avith cone. HNO;, gives a yellow , 
residne (amalio acid) Avliich is also turned purple j 
(murexide) by ammonia (llochlodcr, A. 69, 120). 

Ecactions. — 1. (raseous chlorine or llCl and 
KCIO., give in the lirst place di-mothyl -alloxan 
and motliyl-urea (E. Fischer, A. 215, 257): 

CJI.oN^O, + 0, + 211,0 = C,H„X,05 + 0,TI,N,0. 
Part of the di-nicthyl-alloxan becomes amalic 
acid. Cliloro-caffeine,mcthylamine, and cyano- 
gen chloride arc also formed, and, if the reaction 
is prolonged, di-mothyl-parabanic acid (choles- 
trophane). Bromine and Av^ater at lOO'^ act 
similarly (Maly a. Hinterborger, M. 3, 85).— 2. 
Cold HNOj, attacks it sloAvly, giving off CO2 
(1 vol.) and N.^O (about 2 volt,.) ( tVanchiinont, 
B. T. (7. 6, 223). — 3. Hot dilute IINO3 gives di- 
methyl-parabanio acid (^u’.tynlfouso, A. 45, 366; 
46, 227; Roehleder, A. 69, 120; 71, l).-3. 
Chromic acid gives di metliyl-parabaiyic acid, 
NHg, methylamino, and CO, (Maly a. Hinter- 
berger, M. 2, 87). — 4. Boiling bari/ta water spVits 
up caffeine into caffeidiiio and CO, ; the caffei- 
dinethen breaks up into CO„ NH,, metbiylaniine, 
formic acid, and methyl-amido-aceUc acid 
(sarcosine) (Kosengarten a. Streckor, A. 157, 1). 
6. With cone. HCl at 250® it forms ammonia, 
methylamirie, sarcosine, formic acid and CO., 
(B, Schmidt, A. 217, 270). ^Tho vlullie of NH' 
is to that of NMeH, as 1:2 Eelow 200®, HCl 
has no action. Hence the/e are three NMe 
groups in caffeine, C„Hj„N,0,. h 6H.,0 = 
2C0.2 + 2NMeH2-f-Nll, H Cn.A+ C.H^NO.^. ‘ 
Salts. — (E. SchmidE’, A. 217, 282; Herzog, 
A. 26, 344; 29, 171 ; Piedefmann, Ar. Ph. [3J | 
21, 175; Tilden, 0. J. 18, 99; 19, 145.) 
B'HCl. — B'HCl 2aq i monoclinio ; decomposed 
by moist air into HCl and caffeine.— B'2H01. — 
B'4HC1.— B'jILx tCl, (at 100®).-BmuCl^ 2aq:f 
glittering plates.— B'HBr 2aq.— B'HL— B'2HI. 
— B'HI, liaq (Tilden). — B'HClOlI : [175®] ; 
yellow needles converted by NH, into a greenish- 
olack pp. (Tilden, Z. 1866, 350 ; Ostermayer, B. 

^ 18,2298).-B'HNO,aq.-B’H2SO,.-B'H..SO,aq. 
Formate B'H.CO,,.— Acetate B'2HOAo.— 
Butyrate B'CAsO,.— I sovalerate B'Cj,HioO*. 
*~>0itrate: prepared by adding a solution of 


oitrio aoid (1 pt.) in alcohol (74 pti.) to one of 
caffeine in chloroform (14lpts.) andevapo* 

rating. Semi-crystalline powaer, decomposed 
by most solvents (Lloyd, Ph, [8] 11, 760). 
According to Timret (/. Ph. [5] 6, 691) the last 
five salts are merely mixtures. — Oaffeate 
B'C^HhO^ 2aq (Hlasiwetz, A. 142, 226). 

Combinations. — B'HgCl, (Niohdlson, A, 62, 
78; Hinterbergor, if. 82, 316).— B'HgOy- (Kohl 
a. Swoboda, il. 83, 341).— B'AgNO,. 

Methylo • chloride B'MeCl aq. At 
200® it splits up into MeCl and caffeine.— 
(B'MeCl),PtCf4. Sparingly soluble. 

Methylo-iodide B'Melaq (Tilden, J, pr, 
94, 374 ; E. Schmidt, A. 217,^86; E.,8cl*mitt 
a. E. Schilling, if. 228, 141). FromffSiicine and 
Mel at 130®. At 100® it loses aq, at 190® it 
splits up into caffeine and Mel. Triclinia: 
a:6:c = -0962:l:*4161; a»91®24'; i3 = 74®; y«88®. 
— B'Mel^. 

Methylo-hydroxideB''M.eOB.&q [91®], and 
B'MeOH LlilS®]. From the methyloiodide and 
Ag._.0 (Schmitt a. Schiiling, if. 228, 143). 
Crystals. V. sol. water, alcohol, and chloroform. 
V. si. sol. ether or light petroleum. Its solutions 
are neutral. It is not poisonous. Heated at 
200° in the dry state it gives off methylamine 
wliile caffeine is also formed. HCl or dilute 
I ILSO, convert only part of it into the corre- 
I sponiling salt, the rest gives methylamine, 
formic acid and dimethyldialurio acid, the 
latter being converted by atmospheric oxygon 
into amalic acid. 'Wlion HCl is used, caffeine 
methylochloiide is one of the products. With 
water at 200° it gi^es sarcosine, methylamino, 
formic acid, and CO,^. Chromic aoid forms cho- 
Icstrophanc, methylamine, formic aoid and CO,. 

Ethylohriiodide B'Etl,. I’rom caffeine 
and Etiat 130° (Tilden, C. J. 18, 99 ; 19, 145).— 

! B',Et,PtCl«. 

I Chloro-caffeine OBHoClN^Oa. [188®]. Formed 
by posing chlorine into dry caffeine in dry CHCl,. 
Crystallised from water. V. si. sol. cold water 
and ether, v. sol. strong acids but ppd. by water. 
Keduced to caffeine by zinc-dust and HOI 
(Fischer, A. 215, 262; 221, 336). 

Bromo-caffe'ine v. p. 561. 

Amido-caffeine 08Hn(NH2)N402. [above 360®]. 
From bromo-caffeme (2 pts.) and alcoholic NH, 
(20 pts.) by heating for 7 hours at 130° (Fischer, 
A. 215, 265^. Slender needles ; may be distilled. 
V. si. sol. Avater and alcohol ; sol. oono. HOAo ; 
sol. cone. HClAq, but reppd. by water, being 
apparently loss basic than caffeine. 

’ Oxy-'caffeine 08H„{0H)NA- [o- 346®]. From 
etlioxy-caffeine by heating with dilute HOI 
(Fischer, A. 216, 268). Mass of white needles 
(from Water). V. si. sol. alcohol, ether, or cold 
water. Sol. cone. HCl but reppd. by water. 

! Oxy-caffeine is an acid. — NaA' 3aq. Needles. — 
BaA'2 3aq. iiedefions.— l-)The silver salt with 
EtI at 100'’ give^ ethoxy-caffeine. — 2. PCI, in 
POCI3 gives chloro-caffeine. — 8. 01 at a high 
temperature gives di-methyl-alloxan.— 4. 01 gas 
at 0® in a solution of oxy-caffeine in HOI gives 
apo- and hypo-caffeine.— 6. Dry bromine forms 
an addition compound 0,H,(0H)N40aBr^?) as a 

mass, decomposed by water or alcohol, th« 
latter giving diethoxy-oxy-caffeine dihydride. 

Ethoxy - oaffeiae 0,H,(OEt)N,O,. [140®]. 
From bromo-oaffeine and alcoholic KOH (Fil* 
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Aer, A, 215, 266). White needles (from water). 
Bl. sol. cold alcohol or ether, v. e. sol. hot alco- 
S **°’^*“8 water^partly dissolving. 

Sol. dilute HCl and reppd. by KOH. 

Dl-methoxy-oxy-oaifeine dihydride 
C|^#N40s(0Me)j0H. [179°]. Prepared by the 
action of methyl alcohol on oxy-caflfcine bromide. 
Col^riess ^5rystals. Sol. water and alcohol. 
By HCl it^ 13 decomposed into methyl alcohol, 
methylamine and apo-caffeine (Fischer, B. 14. 
642), 

bi-ethoxy.oxy-caflfeine dihydride 

®8H»(OEt),^(OII)N,Oo Di-ethyl derivative of tri- 
oxy-caffe^ne dihydride. [195^^-205 ’]. From oxy- 
caff^me Br, anj^ alcohol, as above. Warmed 
with HCi A gives alcohol, metliylamine, apo- 
caffeine, andiiypo-caffoine. Fuming HI or HI 
gas passed into chloroform solution reduces it 
to oxy-caffeiiie. With pJiosphoi'^is oxychloride 
it forms a crystalline substance that appears to 
be 0,H„N,0,(OH)(OEt)Cl. This body is recon- 
verted by alcohol into diethoxy-oxy-caffeine di- 
hydride, but it is deoempof. ed by water, one of 
the products being di-methyl-alloxan, although 
this is not formed from diothoxy-oxy-calTeino 
dihydride by water or acids (Fischer a. Reese, A. 
221. 887). 


Allo-caffeine C«H„N,0,. [198°]. A by-pro- 
duct obtained in the preparation of the preced- 
ing body from oxy-ealfeine, bromine and alco- 
hol, especially when the latter is wet (92 p.c.). 
Sandy powder. V. si. sol. water, si. sol. boiling 
alcohol. Decomposed by boiling IICl (Fischer, 
A. 216, 276). J t. \ 

Apo-oaffoine 0,II,Nj,0,. XUQ% 

Formation* — 1. From di-ethoxy-oxy-caffeme 
dihydride (6 g.) by evaporating ' ith (20 g.) di- 
lute (20 p.c.) HCl at 100° (Fischer, ^.215, 277) ; 
the equation is: C8H„(OH)M^O..(OEt).. f 2H..0 
-C^H^NaOs-FMeNHj i-2TIOEt. -2. From oxy- 
caffeine and aqueous Cl at —10°. -3. From 
caffeine, HCl and KCIO3 (Maly a. Andreasi'^ M. 
3. 100). 

Properties. — Monoclinic crystals (from 
water). a:6:c = -8025:1: -6976. V. sol. hot water, 
alcohol or chloroform, si. sol. cold water, benz- 
ene or CS.. Boiling water decompo.ses it into 
COjj, hypo-caffeine and caffuric acid (j. v.). 
Hypo-caffeine C^H^NsO;,. [182°]. 

Formation, — 1. Formed along with apo- 
caffeine by warming the di-ethyl dei ivative of 
tri-oxy-caffeine dihydride with liydrochloric 
acid, thus: OHH„(OII)NA(OEt),, -f- 2110 ^ 
O^HyNjOa + 2HOEt + NH,Mo + CO,. ” - 2. From 
oxy-caffeine, IICl and Cl (Fischer* A. 2ll>, 288/ 
Properties. — Crystallised from water. V. 
sol. hot water or alcohol, si. sol. cold water. 
May be distilled with but slight decomposition. 
Ba(0AN,O3),C,H,N3O., : V. sol. water. 

Reactions. — Not affected by boiling fuming 
HNOj, chlorine- or bipmine-wat6r, KoCr-^O, and 
dilate H0SO4, HMnO^, cone. HCl, fuming III, 
8n and HCl, Ac^O or POCI3 ana PCI5. Water at 
160° completely destroys it. Boiled with bar^a 
it gives oaffolin {q. v.), 

Caffolin 03H,N,03. [194°-19n°]. Formed by 
boiling hypo-caffeine with lead sub - acotf^o 
(Fischer, A. 216, 292). Slender needles (from 
alcohol) or long prisms (from warm water). 
V. e. sol. warm water. SI. sol. alcohol. Does 
not oombius with acids. It is but a feeble 


acid, f A its bariuia compound is decomposed by 
COj. Soiled with Ag^O, it forms a crystalline 
silver clmpound. 

Remions.—l. Cone. N'Ol at 100° splits it up 
into C0|, NH3, NMeH, Ac.— 2. Cone. HI forms 
methylifaroa.— 3, K^FeCy^ gives iiiethyl-oxamio 
acid and methyl-u-ea : C;,H„N,,Oj. + 0 h- H .,0 =* 
McNII.CO.CO,n -i-MeNII.C6 Nft. — ^ KjjuO^ 
and KOH give di-methyl-oxamido and^mmonia 
aceording to the reaction: CJLN,02 + 0 + H.,0 
= MeNH.CO.CO.NHMc CO, + Nil,.— 5. Potas- 
sium bicliromatc and H, SO, give cholcstrophane : 
CJI„NA + 0 - C,HXO;, i NII,. - 0. Nitrons 
acid com; 'ctely deytmys it. -7. Boiled with 
Ac,0 it forms thj acetyl derivativo of acecafflii 
C,H,.,AcN,0,. 

Acecaffin CJI.jNaO,. [110°-U2°]. From its 
acetyl derivative by evaporating with fuming 
HCl at 10(^ and docompoHing the resulting 
hydrochloride by Ag,,0 (Fisclicr, A. 215, 300). 
Triinotric crystals (from ben/eiie). a:b:c = 
‘6707:1:1-2445. IMay be di.stilled undecomposed. 
V. e. sol. water and alcohol. 

Acetyl derivative 

CJI,„AcN,0,. [1()0°-107°]. From caffolin by 
boiling with Ae,0 as long as CO, comes off 
(12 hours). Moiioclinio tables (from chloroform 
mixed with ether). 

Caffuric acid C.jIT.NaO,. [210°-220°]. From 
apo-calTeiiio by boiling water (Fischer, A. 216, 
280). C,1I,N30 ,, + H,0 -^CJ1„N,0,h-C 0,. Trans- 
parent tables (from alcohol). V. sol. water, si. 
sol. cold alcohol, chloroform or ether. Feeble 
acid, its barium salt being (h'cnmposod by CO,. 

Sal t. -- Ag.V'. Tables, si. sol. water. 

Reactinns.~l. Not affected by chlorine- or 
hromine-icaicr.—2. Til convn ts*it into hydro- 
caff uric acid. — 3. Warmed wilb Ic.iid unb-acctatc 
itgivc.s iiicsoxalic aei<l, niotliyl-inca and methyl- 
amine. —4. IT j\ KOn gives oi'f NlI,Mo. 

Hydro-caiiurio acid CJI,,N;,0;,. * [210°-248°]. 
Froni calfiulc acid, .uiuing 111 and PH, I 
(Fiscl s r, A. 215, 285). Colourless prisms (from 
water). V. sol. hot water, si. sol. cold water. 

Rcaction.s.~l. Gives no pp. when bulled with 
lead snb-acetate (unlike caffuric acid).- 2. Gives 
with ammoniacal AgNO., a mirror in the cold.— 
4. Chlorine-water oxidises it to oil’furic acid.— 
3. Hot KOH gives off methylamine. — 5. AVarmod 
with baryta it forms niclliybimine and methyl- 
hydantoin carboxylic acid, llie latter splitting up 
into CO and mcthyl-hydanti .in. 

Metayl*caraiicaoidCJr,,N[,0,. [167°]. Frdln 
allocaffcino by boiling witli water (f^hmidt a. 
Schilling, A. 228, 172). Needles (from water). 
V. sol. water, alcohol and chloroform. Basio 

lead acetate converts it into mesoxalio acid, 
methylamine and dimetnyl urea. 

Amalie acid v. n. II9. 

Constitution of Caffeine.— Mod ions (A. 175, 
MeX CO 

proposed the foriuula CO (L-NiAle 

I II >CB 

McN— 0— N 

whde Emil Fischer (A. 215, 314) proposed 

Me.N-CH ^ ^ ^ 

I II 

COO.NCH3 . Both fonnulio readily rcj 

I I >CO 
Me.N— C-N 



663 j CAFFElNB, 


present the formation by oxidation of dilmethyl* 
alloxan and methyl urea. According to lischer’a 
formula the derivatives of caffeine vrovfo be re- 
presented as follows^ Oxy-caffeine woiW be 
yNMe-~C(OH) = 0 - NMe T 

ir 1 


CO 


\nMo 


i=N: 


>CO. Eth(fxy-oxy- 


caff|inc dihydrido would bo 


CO^ 


^N\te-C(On)(OEt)-C(OEt).NMe 


\NMe 






>CO. Apo- 


jaffeine would bo 


, 0 - 


C(CO..H)--NMe 

cor \ ■ t >co. 

C N 


Caff uric acid would be 

HO.C{CO..H ) -mid 

\ ' >(fo 

HNMe-C—-- N 

Hydro-caffuric acid might bo written; 
HC(COJI)— NMo 
\ ‘ > 00 . 

HMoN— C N 

Metbyl-hychuitoin carboxylic acid would bo 
IIC(CO,H) . NMo 

I >00; 

CO NH 

n.C.NMo 

whence metliyldiydantoin | >0 ). 

CO.llH 


Hypo-caffeinc may bo 
^O-CII—NMo 
CO 


AJ VAX 

\ \ >C0, SC that apo-caffoino 

NNMe-C-N 
would be its carboxylic acid. Caffolin may then bo 
HO.OH.NMo 

I >00 ; but the formation of cholcstro- 
HNMeO = N « 

CO — NMo 

pliano cor I •'from' it is in Hint case 

NnMo-CO 

somewhat anomalous. r- 

Strecker’s caffeidino (from caffoino b/ alkalis) 
MeHN.CH-C-NMo 

would be ) >00 , whicli by 

MeTTNO-N 

boiling alkalis gives 00^,, Nll^, 2NMcII,;, formic 
acid and sarcosine. 

MoN CH 

A Theobromine will be ' CO (•) .*NMo , 

1 I >00 
IiN C=N 

HN— OH 

I II 

not CO C— NMo ^ as is shown by the 

I 1 >00 

MeN-C-N 

formation of hypo-ethyl-theobrominc. 

Somewhat similar formul^e are arrived at if 
we start from the formula of Medicus. InasmuolL’ 
as caffein methylo-hydroxide differs from caffeine 
in giving no NH3 but only NMeH^. in its decom- 
positions, we must assume that it has the formula 
MeN-CO 

V ioil-NMe 

I i >CH 

M«N-^0--NMe(0H)^ 


MeN-CH 



Its decomposition-product, di-methyl-dialurie 
acid, should, according to Maly a. Hinterberger 
(Jlf. 3, 85), be represented by ^lie formula 
MeN—CO 

Ao CH(OH), which agrees better with the for- 
MeN-CO * 

mula of Medicus. On theotherhand, the frequent 
occurrence of methyl-urea as as s-di-aicthyl 
urea amongthedecomposition-pro{Jji«Li-3 of caffeine 
and its derivatives accords best with Fischer’s 
formula (Schmidt a. Schilling, A. 228, 174). 

CAFFEOL 0«H,oO,. (190°). Given off (to 
the extent of *05 p.o.) on roasting coffee together 
with caffeine (’18 p.c.), palmitic acid, aoctic 
acid, CO2, and traces pyrrol, methylamine, and 
iiydroquinone. It is extracted by ether from 
the liquid distillate (Bcrnheimer, ilf. 1, 459). 
Liquid, smelling like coffee, si. sol. hot water, 
V. c. sol. alcoliol and ether; v. si. sol. cone. 
KOHAq. Fo.^Clt, colours its alcoholic solution 
red. I’otash-fusion gives salicylic acid. It is 
locj'haps a methyl derivative of o-oxy-benzyl 
alcohol. 

CAFFETANNIC ACID Occurs in 

coffee berries to the amount of 3 to 5 p.c. as Ca 
and Mg salt, and perhaps also as a double salt 
of K and caffenne (Pfaff, (1830) Solicr, 01, 487 ; 
llocblcder, .1. 50, 300 ; 03, 193; CO, 35; 82, 
190; Liebicli, A, 71, 57; Payen, A, Ch. [3J 
20, 108). Prepared by mixing an alcoholic in- 
fusion of colfeo with water; filtering from ppd. 
fatty matter ; boiling the filtrate, and ppg. as 
lead salt by ro(OAc)2. Oolonrless mammellated 
crystalline groups, v. sol. wutor, m. sol. alcohol ; 
ha^iv.n astringent taste ; strongly reddens lit- 
mus. FcXl„ colours its solutions green. It 
does not 2^^^- ferrous salts, tartar-emetic, or 
gelatin, but it ppts, quinine and cinchonine. 
It reduces AgNO.,Aq, forming a mirror. Its 
.salts turn green in air. Potash-fusion gives 
inotocatecliuic acid. Jloiling cone. KOHAtj 
sidits it up into caffeic acid and a sugar (Hlasi- 
Avetz, A. 142, 220). 

Saltsf—BnA'.^ (at 100°): amoridious, v. 
sol. water; addition of baryta forms a yellow 
i)p. - Pba,,H. A)3.-Pb.c,,n,,o« 

(at 100°). 

V Virfdic acid. An acid formed by the at- 
mbsplieric oxidation of an aramoniacal solution 
of caffetannic acid. According to Itochleder the 
green colour of coffee berries is due to calcium 
viridate. It is 2>pd. by Pb(OAo)2. Amorphous 
brown mass, v. sol. water. Cone. H.,S 04 forms 
a crimson soluflon whence water gives a floocu- 
lent blue pp. Tlje aqueous solutions are turned 
green by alkalis, and give a bluish-green pp. 
with baryta-wH,tcr (c/. Vlaanderen a. Mulder, 
1858, 201). 

CAFFOLIN V . Caffeine. 

^CAFFUmC ACID v. Caffeine. 

CAIL-CEDBIN. a bitter, neutral, resinous 
substance present to a minute extent in the 
bark of the OaXUcedra (Caventou, /• Ph» [8] 
16 , 855 ; 88 , 123 ). 
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CAlNOIK C 44 ^H, 40 ,«. CaKncic acid, S. *14. 
Found in Oainoa ro®t (from Chiococca a'oguifuga 
and racemosa) (Franpois, Pelletier, a. Caventou, 
J, Ph, 16, 465; Liebig, A, (?/^. [2] 47, 185; 
Roohledet a. Hlasiwetz, A. 76, 386 ; Rocbleder, 
J, pr, 85, 275). The root is exhausted with 
alcohol and the caincin ppd. either by milk of 
lime or Pb(QAc) 2 . Crystalline flukes, tasteless 
at first, afterwards very bit^r ; v. si. sol. water 
and ether, v. sol. alcohol ; reddens litmus. 
Boiling alcoholic IICl splits it up into a sugar 
(C„H,aOJ and crystalline caincetin 02 .^H 3 , 0 .,. 
Caincetin is resolved by potasfe-fusion into 
butyric acid and caincigeuin which 

is possibly related to aiscigenin. Caincin in 
dilute alcbV<:lic ^ution is converted by sodium- 
amalgam in% crystalline whence 

fuming HCl forms gelatinous Cj^ILhOx* 

CAJEFTJT, OIL OF. A light green oil pre- 
pared in India by distilling the leaves of Mela- 
leuca leucodendron with water. Its chief con- 
stituent is cineol Oioll,„0 {q. u.), which is also 
called oajoputol. converts it into ter- 

penes {q. v.) which when so obtained may bo 
called oajeputenes (•^ohmidt, C. J. 14, C3; 
Wright a. Lambert, C. J. 27, 619 ; Ilisted, Ph. 
[3J 2, 804 ; Blanchet, A. 7, IGl ; Gladstone, 
C. J, 49, 621). 

CALAMUS ROOT. According to Geuther 
A. 240, 92) the acorin prepared by Thoms 
p. 60) from ^com.5 calamus is not a definite 
BubstaiiCG, but is separated by alkalis into a 
neutral amorphous brown mass (C,„H,i,NO; ?) 
and an acid (C,,IIi „03 ?). Calamus root after 
extraction with water still oontalns a combined 
acid (C,,H, 304 ?) which may be extracted by 
adding HCl and shaking with olber. When the 
root is distilled with steam, m tliyl alcohol 
and a mixture of terpeiies (< 2 . v.) and a compound 
C,^H,„0(?) is obtained (G. ; tioknedermann. A, 
41, 374; Kurbptow, B. 6, 1210 ; Gladstone, C. J, 
17, 1). 

CALCIUM. Ca. At. w. 39*91. Mol. w. link. wwn. 
Melts at red heat. S.G. 1*57 (Matthiessen, A. 
93, 27). S.H. (0^-100^) -1686 (Bunsen, P, Ml, 
1). S.V.S.abt. 25. E.C. (Hg at 0^-1) 12-5 
(Matthiessen, P. M. [4j 12, 199 ; 13, 81). Chief 
lines in emission-spectrum, 0121*2, 5587*6, 
4226*3, 3968, 3932*8. 

Occurrence. — Never free. Very widely dis- 
tributed, and often in largo quantities, as 
silicate, phosphate, sulphate, caroonato, flu- 
oride, &o. Most natural waters contain Ca 
salts; phosphate and carbonate of Ca are 
found in plants and animals. Ca saW;s ocqur 
in the sun, fixed stars, and meteorites. Calc;&m 
carbonate and burnt lime have been known 
from very ancient times. In 1722 Fr. llel’f- 
mann showed that lime is a distinct earth; 
Black (1765) was the first to make a quantita- 
tive examination of limestonei and burnt lime. 
In 1808 Davy obtained calcium (impure) by the 
electrolysis of lime. • 

Formation, — 1. Dry Cal^ is heated witl^ Na 
in an iron crucible with an* air-tight cover 
(Li4s-Bodart a. Jobin, A, Gh. [3] 54, 3G3; 
Dumas, 0, B, 47, 675 ; Sonstadt, C, N. 9, 140). — 
2. Dry fused GaCl, (300 parts), Na (100 ptfrtsl, 
and pure distilled ^anulated Zu (400 parts), 
are heated in a crucible with loosely fitting li^ 
as high a temperature being maintained as it 


possible |dthoat volatilisation of much Zn ; an 
alloy of t)a and Zn is thus produced (Zn^Ca 
according to v. Bath, P. 136, 434). ThiS' alloy 
is heateciin a oruoible of gas coke until the 
Zn is al distilled off (Car m, 0, B, 48, 450 ; 
50,.647).-V3* boiling cone, solution of OaCl, 
is clectrC/.ysed, using an amalgamated Pt wire as 
negative electrode (Buiscn, A. 92, 218). 

Preparation.— k mixture of dry CaOl* and 
SrCk, in the ratio 2CaCl.:8i’Ck, mixe4f wifti a 
littlh NH 4 CI, is melted in an open crucible ; the 
current from ^3 or 4 JJunson cells is passed 
througli the molten mass, the positive electrode 
being a stick o* carbon, and the negative an* 
iron wire as thick as a knitting needle, drawn 
out to a fine point. Tlic point of the iron wire 
is kept just under the surface of tho molten 
mass for a minute or so at a time ; the Ca 
separates in small lumps (Matthiessen, A. 93, 
277 ; 94, 10 *). Frey obtained lumps of Ca 
weighing from 2^ to 4 grams (vl. 183, 367); he 
passod the negative electrode through tho stem 
of a tobacco pipe with tho bowl dipping under 
llie molten mass in tho crucible; II was then 
passed into the pipe ; when the pipe and bowl 
were filled witli this gas, tho H was stopped, 
and the current was started ; the Ca rose into 
the bowl of the pipe, and being in contact with 
H remained quite unoxidised. 

Properties, — Lustrous, clear yellowish-white, 
very ductile, but brittle when hammered out, 
mallcf ole ; about as hard as calc spar. Frey 
{A. 183, 367) says it is brittle and cannot be 
hammered out or drawn into wire. Molts at full 
rod heat, and th^n burns with yellow flame and 
production of much heat and light; [Ca, 0] = 
130,930 (77i. 3, 251). Does not oxidise in drv 
air; hut in ordinary air is quickly covered with 
CaO. Not volatilised at temperature of inflam- 
mation (Caron, C. B. 48, 410). Decomposes 
cold II..0 ra»i' lly; 

[Ca, A(i:' ( Ca, Aq] - 2[TD, 0] = 80,900 
{Tk. 3 . 251). As no Cv^mpound of Ca has been 
gasified, the value to be given to tho atomic 
weight if tho metal is decided partly by the 
S.ll. and partly by purely chemical considera- 
tions. Tho mass of Ca that combines with 
15*96 {i.e. with 1 atom) 0 is 39 91, hence the 
simplest forjnula for the oxide is CaO 
(Ca = 39*91); tho same mass of Ca combines 
with 2 X 35*37 Cl, 2 x 79*75 13r, Ac. ; the simplest 
formnl.p *’or the chloride and bromide are there- 
fore (. iCk. and CaBr-i respectively (Ca* 39*91), 
These formr.io are in keeping with the rsac- 
tions of the compounds, hence they ^re adopted. 
The chief compounds of Ca by analyses of 
which tho value Ca 39*91 has been found are : 
(1) CaCl.^ (Berzelius, Q, A. 67, 161 ; Dumas, 
A. Ch. [3] 55, 190) ; ( 2 ) CaCO;, converted into 
CaO (Dumas, C. R. 14, 537 ; Erdmann a. 
Marchand, J. pr. 26, 472). Ca is a strongly 
positive metal, iormiug well-marked and stable 
> salts by replacing tho lii of acids. Salts of Ca 
'derived from almost every acid are known; 
several of these form double salts; very few 
basio salts are known. CaO^IIs is an alkaline 
hydroxide ; CaO combines with 1^0 with pro- 
duction of much heat; CaO^H, is dehydrated 
to CaO at a high temperature. [OaO,H^QB 
•> 15,540 ( TA. 3, 25 1) . The heat of neutralisatim 
of CaO^H^Aq is the same as that of EOHAq, 
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NaOHAq, and BaO^H^Aq, via. 81, ^>0 lor | 
H^SO^Aq and 27,640 for B^OlsAq. (ta com- 
bines with the halogens with prodm^on of 
heat; [Oa,X«3 « 169,820 when X=01; k40.850 
whenX-Br; 107,2^ when X -I (2%. t 251). 

Reactions and Combinations. — l.Yfifhwater 
forms CaOAq andH.— 2. With acids forms salts, 
usually evolving H ; cone. PNO^Aq only’^ acts at 
high temperatures.— 3. Combines directly, when 
heatitd, yith many non-metals \ especially Cl, 
Bf, I, 0, S, P {v. Calcium ciiloiude, <frc.)c — 
4. Forms alloys with several metals, by heating 
the metals together. Alloys with Al, Sb, Pb, 
yg, Na, and Zn have been described (Caron, 
C. R. 48. 440 ; 50, 547 ; Wohler,* A. 138, 253). 
Calcium is usually estimated either as carbonato 
or sulphate ‘/^tr volumelrically, by K^MnaO^Aq, 
after ppn. as CaC^O^ and decomposition of this 
salt by H-^SO^Aq. 

Calcium, Alloys of, v. Calcium^! Comhina- 
iioTis, No. 4. 

Calcium, Arsenates of. CaHAsO^ and 
Caj,(AsO,)a : V. arsenates, under Arsenic, 
ACIDS OF. 

Calcium, Arsenites of. Ca^AsOs)^; Ca(ABO.j2; 
and Ca._A.s-j05; v. arsenites, under Arsenic, 

ACIDS OF. 

Calcium, Bromide of. CaBr.. Mol. w. 
unknown, as compound has not been gasified. 
r67G°-680°J (Carnclley, 0. J. 20, 497 ; 33, 270). 
8.O. 3-32 (Kopp, A. 03, 129). S. (0")^125; 
(20°) 141; (40°) 212; (00°) 277 ; (105°^ 319 
(Kremers, P. 103, 05). ILF. [Ca,Br^J = 140,850; 
[CaBrhAqJ- 165,360 (Thomsen). 

Foiviation.—Ciihr.. is farmed by dissolving 
CaO or CaCO, in HBrAci, evaporating, and 
crystallising ; or by decomposing Fe2Br4Aq by 
CaOAq. 

Prqiaration.—l. 12i parts Br and 1 part 
amorphous P are allowed to r«act in presence 
of H.p ; the solution is neutralised by CaCO, 
or CaO JI,, filtered from i;Jtt3.2r()^, evaporated, 
and crystallised (Klein, A. 128, 237). — 2. 20 
parts S are dissolved in 210 parts Br, and the 
liquid is poured into thin milk of lime, centain- 
ing 140 parts CaO ; CaSO, is ppd. by alcohol, 
the solution is filtered off, evaporated, and 
crystallised (Faust, Ar. Ph. [2j 131, 216). 

Properties. - White, lustrous, deliquescent, 
needles : very soluble in II.X^ and alcohol. 
Absorbs NH, forming CaBr.,.GNn., (llammels- 
berg, P. 55, 239). CaBr^Aq boiled with CaO,II„ 
and filtered, on cooling liclds. crystals of 
0aBr...3Ca0.15H,0. 

Comhinldions. — With water to form 
CaBry6H..O. [CaBrhGII-Ol = 25,600 ; 
[CaBr*.6H20,Aq]- -iroo (TA. 3, 251). 

Calcium Bromide, hydrated, u. Calcium, 
bromidb of, Combinations. • 

Calcium, Chloride of. CaCl.. Mol. w. un- 
known, as compound has not been gasified. 
[719°-723°] (Carnclley, f . J. 29, 497). S.(L 
2-206 (Schiff, A. 108, 23;: S.H. (23°_99°) -16 12* 
(Regnault, A Ch. [3] 1, 129). S. (0°) 49*6; 
(10°) 60; (20°) 74; (30°) 93; (36°) 104; (40°) 
110 ; (50°) 120 ; (C0°) 129 ; (70°) 136 ; (80°) 
142 ; (90°) 147 ; (95°) 161 ; (99°) 154 

JMulder, J. 1860. 66). H.F. [Ca.Cl*] * 169,820 ; 
^^C^^Aq]« 187,230 (Thomsen). 

JTormafion.— In making NH, by the action 


d jOaQA 01^ NH|ClAq ; also as a by-prodaoft 
in many onemioal manufactums. 

Pwjparation.—l, Pure Ca8o, is dissolved in 
pure HClAq; the« solution is evaporated to dry- 
ness and heated to about 200°.— 2. Ordinary 
marble or chalS is dissolved in HClAq, Cl is led 
into the acid liquid until all Fe and Mn salts are 
completely oxidised. Milk of lime is added to 
alkaline reaction, t^ie whole is ^gosted, the 
liquid is filtered from lime and ppd., oxides of 
Mg, Fo, and Mn, neutralised by HClAq, and 
evaporated as in 1. 

Properties ^and Reactions . — A white, porous, 
very deliquescent, solid ; after melting and 
cooling it is distinctly crystalline. Absorbs 
moisture rapidly : hence is miio?' usee] f »i* di'ying 
gasci, &(i. ; if the CaC4 to be use^must be free 
h’om CaO, e.g. for drying COg, it should be placed 
for some time in a stream of CO.^ and then of 
dry air at the ordinary temperature. CaCl^ is 
very soluble in water and alcohol, much less 
soluble in IIClAq. It is partly decomposed by 
heating in air (v. Weber, B. 15, 2316), more com- 
Ijletely by heating in 0, Avilh production of CaO. 
Heated with KCIO^ or KC10„ part of it is changed 
to CaO (ychulzo, J. pr. [2J 21, 407). CaOl^Aq 
is used as a bath for maintaining temperatures 
above 100°; 50 parts CaCl.j in 100 parts HjO 
forms a solution boiling at 112° ; 100 CaCl.^ in 
100 water, B.P. 128° ; '200 CaCl„ in 100 H.O, 

B. P. 158°; and 325 CaCl, in 100 ilp, B.P, 180° 
(Magnus, P. 112, 408; Wiillner, P. 110, 664; 
Lcgraiid, A. 17, 34). 

Combinations. — 1. With water to form 
hexagonal crystals of CaCI^.GTIoO [CaCP, 6H'0] 
21,750 (TA. 3, 251)* ; best prepared by evapora- 
ting a solution of CaCO..,, or CaO, in HClAq and 
crystallising. CaCl..,.6Iip melts at 28° (Tilden, 
0. J. 45, 268) ; heated to 200°, or placed in 
vacuo, tho liydrato CaCL.2IIaO remains. 
This hydra t-- * is also produced, according to 
Ditto (O. R. 92, 212), by saturating HClAq 
w'ith ,'^laCL at 12' and cooling. Hamerl 
{Sits. \V. (2nd part) 72, 667) says that 
CaCL.dH^O is formed by repeatedly molting and 
cooling CaClj.6ILO. According to Dibbits 
(Ar, N. 13, 478) CaClg.GII.^ loses 4H..4O in a 
current of dry air, and CH.,0 in dry air at 80°. 
S.G. of CaCl.,.6U.,0, 1-612 (Kopp, A. 93^ 
129). S.H. of CaGl.,.6H..0 (-20° fo 2°) -345, 
(4°-28°) -647 ; melted (34°-69°) -5601, (34°-99°) 
•552, (100 '-«-27°) -519 (Person, (7. R. 23, 162). 

C. E. (cubical) for solid OaCi.^.GH.,0 ; Vi = Vo 
(1 + -000 0ir> If- -000 053 77fH -OOO'OOl 906 P) 
for interval 11°-2G° (Kopp, i4. 93, 129). H.F. 
[Cii, Cl oH OJ = 191, 980 ; CaCl,.6H..O dissolves 
in Vator with disappearanco of much lieat 
[CaCF.6H-0,Aq] = -4,340 (Thomsen). This 
salt mixed with snow produces groat lowering of 
temperature; for use as a freezing mixture the 
salt is best prepared by boiling a cono. solution 
until tcinpcrature‘i:ises above 129°, then allowing 

,to cool, shaking fwell as the solid forms. 
»CaClyGH..,0 is thus obtained as a fine dry 
powtfcr; 4 parts- are mixed with 3 parts dry 
snow. Hamerl (Sits. W. (2nd part) 78, 69) 
observed -54-9° by mixing this salt with dry 
snow; both cooled under 0°, in the ratio 
CaCl,.6HjjO: 8*45 HjO (as snow). CaCVCHjO; 

I S (0°) 72-8 ; (13-8 ) 80-9 ; (24-6°) 89-6 ; (29-5°)100 
1 (Hamerl, Sits. W, (2nd part) 72» 287).— 2. With 
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AwtHioniafonna^Ol^SNH,: dissociated by Wt 
into CaCl^ and^H, ; NH3 aUo rejtnoved by dis- 
solving in H,0 and passing, in a current of air 
(W eber, B. 16, 2316). Isambert (0. R, 66, 1269) 
describes Ca01j.4NH3 and CaCJia.2NH, ; he gives 
these thermal values J[CaCl*, 2NH‘^ = 14,000 ; 
I COaGl*,4NH»J« 12,200; i[GaCP, 8NH‘»] = 11,000 
(0, .B, 86 , 968). — 8 . With alcohol to form 
OaOl2.2C3HyO ; decompomd by H-.O (Chodnew, 
.* Johnson, J. pr. 62, 2C4). Forms 
combinations also with acetone (lllasiwctz, 
A, 76, 294). — 4. With lime to form 
GaClj.SCaO 4511^0 ; prepared bji^boiling CaClAq 
with CaO^Htj, filtering while hot, and allowing to 
co<jl,* decomposed by II., 0 or (Boesley, 

Ph» 9, 60:: : KSsc, S. 29; 155; Bollcy, B. P. J. 
153, 202; (Bhrimshaw, C. N. ;J0. 280).— 6. With 
platinous chloHde to form CaCl.MlHGl2.8H^O ; 
]M.P. = 100° (Nilson, J,pr. [2j 15, 2IIO). ^ 

Calcium chloride, hydrated, v. Calciuit, 
CHLOBiDE OB' ; Combinations, No. 1. 

Calcium, Cyanide of. Ca(GN)2. Said to bo 
obtained by heating Ca ferrocyanide and diy- 
solving out with water (Schulz, J. pr. 68, 257). 
n. Otantdes. 

Calcium, Fluoride of. CaFj. Mol. w. un- 
known, as compound has not been gasified, 
[abt. 902'^] (Garnelley, G. J. 33, 280). 

3*16-3-18 (Schroder, Dichti-gkeitsmcssiuujen 
(Heidelberg, 1873) ; Kengott, Sits. \K 10, 295). 
S.H. (21°-50°) -209 (Kopp, P. 155, 71) ; (15°. 99°) 
•2154 (Kegnault, A, Ch. [3] 1, 129). Index of 
refraction at 21° for lino B = 1*432 ; line J> 
1-4339 ; line F - 1-43709.; lino G 1-43082 ; 
line H = 1-44204 (Stefan, Sita, W. 03 (2iid part), 
239). S. (15°) -0004 (Wilsoj>, J, 1850. 278). 
[GaH*0'S2HFJ = 60,000 (Guntz, P. 97, 1483, 
1558 ; 98, 816). 

Occurrence.^ Ks Fluorspar^ in octahedra, 
cubes, and other forms of the mononietric system , 
fairly widely distributed in many rocks ; in 
small quantities in many mineral waters, {>]ant- 
ash, bones (Lassaigne, S. 52, 141), enamel of 
teeth, <&c. 

Preparation. — 1. As a gelatinous mass, by 
decomposing an aqueous solution of a Ca salt by 
that of a fluoride. — 2. As a granular powder by 
digesting freshly ppd. CaCOj with HFAq.— 3. 
In small octahedra by digesting the gelatinous 
pp. obtained in 1 with dilute HGlAq for 10 hours 
at 240° (S6narmont, A.Ch. [3] 32, 129 ; Scheerer 
a. Drechsel, J. pr. [2] 7, 63). 

Properties and Reactions. — Transparent, 
colourless crystals, molting withouit decom- 
position at about 900°. Forms easily fu.'^ble 
mass with BaSOi, SrSO|, and many other 
insoluble compounds; hence much used as a 
flux. Soluble in aqueous solutions of NH^ salts 
(Bose, P. 79, 112). Not decomposed by fusion 
with£OHorNaOH,but partiaily by fusion with 
excess of alkali catenates. Decomposed, to 
CaO and HP, by heating to ♦edness in steam ; 
also decomposed by hot but only yery 

partially by boiling HGlAq orlHNOjAq. Said 
to be partly decomposed by A1 SSO^Aq (Friedel, 
Bl [2] 21, 241). 

Cembmatiorhs . — ^With Hydrofluoric acid \ind 
water to form CaF3.2HF.6H2O ; produced in 
small crystals by evaporating a solution of CaO 
in large excess of HFAq ; decomposed to CaF, 


hhd ^Aq by hot %ater (Fremy, A: Ch. [8] 47 

Calcium, Hydrate of, CaOjjHj, v. Calcium 

HYDRCfLIDB OP. 

Caelum, Hydrosulpiiide of, v. Caloius 

SUr.P^*I)BATE. 

Calcium, Hydioxide of, CaO JG. {Slaked 
lime.) Mol. w. unknown : cbmpoiind is decom- 
posed by heat. S.O. 2 078 (Filliolf Ch. [3] 
21,115). S.G. f (crystallino) 2*236 (Lamy, 
A. Ch. [5] 14, 145). S. (15°) *13; (54°) *103; 
(100°) *08 (Dalton, Neto Si/stcon, 2, 331) : S. (1Q°) 
*13; (100°) -il (BIiu'hu, 0. R. 41, 509, v. also 
Lamy, C. R. 86, 333). II.P. [Ca,0,H‘^0] = 
146,170; LCaO,irOJ = 15,510 (7^: ,3, 251). 

Preparation. —1. By atldiiig to 1 part II.^O 
3*1 parts CaO. —2. By allowitjg Ca to oxidise in 
moist air. ^3. By adding KOllAq, or NaOHAq, 
to a cone, aqueous solution of a Ca salt, collecting 
pp., washing well, and drying at 100°. Gay- 
Lussac (.4. Gh. 1, 331) obtiiincd CaO^TT^ in 
small six-sided plates by evaporating an aqueous 
solution over 11.80, in vacuo. 

Properties and Reactions. — A white, com- 
pact mass ; slightly soluble in cold, less soluble 
in hot, water [CaO'n*,AqJ 2,290 (77/.. 3, 251). 
Strongly alkaline reaction. CaO.H^,Aq neutralises 
acids with production of same’quantity of heat 
as when 2NaOHAq, or 2KOJrAq is used, viz. 
abon^ 31,000 for H.SO^A(|, and about 27,900 for 
2riCAq (Thomsen) ; also pps. many heavy 
metals as oxides or hydroxides, and saponifies 
fats. Moist CalLO. absorbs CO., forming CaCO, 
andH^O. Cali„0,.A/i forms insoluble salts when 
neutralised by ILSiO.Aq, lI,110,A(j, H^PO.Aq, 
Ac. ; pps. are also formed by adding animal 
char, sand, itc. CalLO,^ is soluble in solutions 
of cano sugar : on adding alcohol pps. aro 
obtained, aid • to have ll\o compositions 
CaO.C, .H.,..0„.TI,0; 2CaO.O,,,lI.,>0„ ; 
3CaO.(.V,li, ,0„ ; ‘ and 6Ca0.(3,,H,,0„ 
(Pelf.uzo, J. 1864. 572 ; Bowin a. Loisoan, A. Ch, 
[4] 6, 203; P^ligot, A. Ch. [3] 54, 383; r),:;ou, 
BL [2^ 17, 155 ; Berthelot, A. Ch. [3] 46, 173). 
Cali.,03 is much more soluble in glycerin than 
in water. At a bright red heat CalijOa is decom- 
posed to CaO + H.O. For reaction between Cl 
and CalljOa v. Bleaching Powder under hypo- 
OKLOKITKS, under ClILOiUNE, OXYACri>3 OB’, 

Calcium, Iodide of. Cal^. Mol. w. unknown, 
as compound has not been gasified. [631°] 
(Carnolb y, C J. 3^3, 279^. S. (0°) 192; (3P°) 
204 ; (40°) 2^,8 ; (43°) 286 ; (92°) 435 (Kreraera, 
P. 103, 65). IL F. ICa, 1-^107,250; 
[Ca, V, Aq] = 134,940 ( r/i.. 3, 251). 

Formation . — By the ..action of IIIAq on 
CaO.n, ; or of I on CaS suspended in water 
(Li^s-Bodart a. .^qfcin, A. Ch. [3] 54, 363). 

Preparatio n. -To 1 part amorplious P and 
40 parts ILO, 2(* parts I aro slowly added i the 
whole is digested at 100° ; the colourless liquid 
;ip neutralised by milk If lime, and ovapotraed 
in an atmosphere free from CO., (Liebig, A, 
121, 222 ; Wagner, G. C. 1802. 113)*. 

Properties ami Reactions.— deliques- 
cent mass ; very soluble in water and alcohol ; 
undecomposed when melted out of contact with 
air: melted in air gives CaO and I. 

Cal^Aq dissolves 1 ; on evaporation in vcAuo 
crystals of a periodide are said to be obtained# 



m 
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Absorbs CNH, (Isambert, (7. h, 66, 1259). ^rms 
Bii easily decomposed double oompound|with 
Agl; CaI,.2AgI.6H.,0 (Simpson, Pr. 27. 1^) 
Calcium hydroxyhydrosulpblde v, post &nder 

OaLOIUM SULPHTDliATE. ^ A 

Calcium, Oxides of. Two oxides are known ; 
OaO a strongly basic compouml, and CaOj vhich 
acts as a peroxide. CaO.^ cannot be formed by 
the aciflon «f 0 on CaO {comp. BaO.^). 

I. Calcium monoxide. CaO {Limct burnt 
lime). Mol. w. unknown, as compound has not 
been gasified. S.G. 3*15 (Schroder, P. Juhclbd. 
462); S.G. (crystalline, by heating Ca‘2N03) 3*‘2r)l 
(Briigelmann, W. 2,466; 4, 277).* S. variable 
according to state of aggregation (of the CaO &c. 
Lamy (A. 14, 14.6) gives the following 

numbers representing grams of CaO in 1000 
grams of solution ; CaO being made (1) by 


heating CaO-JL : — 
Temp. (1) 

(2) 

(3) 

0® 

1*362 

1*381 

1*430 

10 

1-311 

1*312 

1*384 

16 

1*277 

1*299 

1*348 

80 

1*142 

1*162 

1*195 

45 

0-996 

1*005 

1*033 

60 

0-844 

0-868 

0*885 

100 

0-562 

0-576 

0-584 


H. F. [Ca, 0] = 130,930 ; [Ca, 0, Aq] = 149,260 
{Th. 3, 261). 

Preparatloji. — Pure marble, or Iceland rpar, 
is strongly heated in a crucible with a ho? in 
the bottom to allow escape of CO,^ ; or a piece of 
charcoal is placed in the crucible beneath tlie 
marble, CO is thus formed f%nd sweeps out the 
CO.J with it. CaCOa is not completely decom- 
posed when heated in an atmosphere of CO^ ; 

V, CALCIUM OARBONATB, UndOF CaBBONATF.S. 

Sestini (Fr. 4, 61) strongly heats jjowdered 
marble with sugar, washes witKILO, dissolves 
in HNOaAq, pps. CaCOj by (NII^),. OO^Aq, and 
strongly heats the dried pp^ By strongly heating 
Ca2NO„ in quantities of ulioiit 15-20 grams at 
a time, in a porcelain flask, Briigelmaiin (n'. 
2, 466 ; 4, 277) obtained cubical crystals olf CaO ; 
semitransparent, harder than the amorphous 
form, and less easily acted on by ILO and CO.. 

Properties and Tteaciions. — 6Viiite, amor- 
phous (or crystalline v. supra), powder : does not 
fuse at full white heat. IStrougly basic ; reacts 
with most acids to form salts. CaO is decom- 
posed by heating to whiteness with K ; heated 
in C'lf CaClj is formed. Cii,S is nrotKiced by 
heating with S, and CaS and CaCG, by heating 
in CS3. CaG does not combine with 0 (u. Conroy, 
C. J. [2] 11, 809). 

Combinations.— Wiih carbon dioxide to form 
CaCOj (but dry CaO doosi not react with CO^ : 
Scheibler, B. 19, 1973) ; comUnation begins at 
about 400® (v. Birnbaum a. Mahii, B. 12, 1547); 
[CaO, CO'^ = 42,520 {Th. 3, 251). Heated with 
silica or silicates, silicates of Ca are formed, 
which in contact with wCter set to a hard com-, 
pact mass (l^draulic mortars). With water, 
CaOJIs is formed with production of much heat 
[CaO, H^O] = 16,540 (Thomsen) ; the lime is 
said to be slaked. 

II. Calcium dioxide, CaO^ {Calcium per- 
\iide). Mol. w, unknown. Prepared by adding 
HjOjAq to excess of CaOAq, or by adding 
excess of CaOAq to Ka^O^Aq containing some 


HNO^Aq ; oolleoting pp.> washii^ well with cold 
water, and heating the 0aO2.8H2l»thus produced 
in a current of dry qir free from 00a to 100® ~ 
120®. Forms a snow-white crystalline powder ; 
does not melt atf red heat, but gives off 0 and 
forms CaO. The hydrate Ca02.8H30 is slightly 
soluble in H2O, in contact with II2O it slowly 
decomposes to Ca02lijAq and H; folublc in 
NH^ClAq, but not in NMgAq ; dissolves easily in 
dilute acids, oven in II.C^H^O.^Aq, without 
evolution of 0. It forms prismatic dimetrio 
crystals, isomorphous with BaO.,. 811,0 and 
Sr02.8H.,0 (Sch^no) {Th6nard, A. Oh. [2j 8, 306; 
Conroy, a J. [2] 11, 808 ; Schono, B. 6, 1172). 

Calcium oxide, hydrated, Ca^ Jl., .CijL* 

CIUM, HYDROXIDE OP. ' CP 

Calcium, Oxybromide of, Callra-SClaO.lSHaO 
V. Calcium, bromide op ; Properties. 

Calcium, Oxychloride of, CaCL.3Ca0.15Il20, 
V. Calcium, chloride of ; Combinations, No, 4. 

Calcium, Oxysulphidos of, v. Calcium poly- 
sulphides ; under Calcium, sulphidks of. 

Calcium, Phosphide of. .\Vhcn Ca and P are 
heated under rock oil, and the unacted-on P is 
dissolved out by CS2, a black powder remains 
which is acted on by H.O and acids with pro- 
duction of PH,; this black powder is said by 
Vigier to bo Ca phosphide {Bl. 1861. 6). By 
strongly heating CaO in P vapour, a brown, 
amorphous mass is obtained ; wJien heated with 
conc. HClAq, non-in flammable PH, is evolved, 
but with dilute HClAq tlio gas evolved takes 
fire. Probably in the first case liquid PH. is 
formed and at once decomposed to gaseous PII^ 
and solid P.ll ; in the tiecond case the decomposi- 
tion of PII. proceeds more slowly, so that some 
is carried into the air with the PH3 and causes 
the combustion-. (Th6nard, A, Ch. [3] 14, 12). 
Tho brown substance got by lioatiiig CaO in 
P vapour is boa mixture of CaP and 

Ca.P./J, (Tlienard, Lc.) : this brown substance is 
describod by Tlienard as a very hard solid ; un- 
ci langid in dry air ; deli(|iie.sccut in moist air ; 
burns when heated in air ; acted on by water 
free from air gives CaOAq and PIT., PITj decom- 
poses to PII3 and P.H, and the PJl is decom- 
posed by the CaOAq to Ca{n.PO.J.Aq and II. 

Calcium, Salts of. Compounds obtained by 
replacing H of acids by Ca. These salts form 
one scries CaX., where X2=Cl2, (NO;,)2, SO,, 
CO3, 5 PO^, Ac. They are generally formed by 
the action of CaO or CaO.TI. on the acids in 
aqueous solution, or by the decomposition of 
salts of the heavier metals by CaO^H^Aq. As 
none of 4he Ca salts has been gasified, tho 
fonmilic are based jjartly on similarities between 
these salts and those of analogous metals which 
form gasi liable compounds, chiefly Zn, Cd, and 
Hg. and partly on the fact that the general 
formula CaXg is the simplest that can be given, 
provided the atoiuic weigli^ of Ca is about 40 
(this has been established by analyses of OaClj, 
JCaCO, Ac. and by determinations of the S.H. of 
tho yictal; v. (Jaloium). Salts of Ca derived 
from a great many acids are known ; they are 
well marked stable bodies ; many form double 
salts ; few basic salts are known. Most of the 
Ca silts are soluble in water ; tho more insoluble 
are the arsenite, carbonate, fluoride, oxalate, 
phosphate, sulphate, and sulphite. With the 
exception of CaF, all the salts are more or less 
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loluble in* d^ata acids. Ca salts of non> 
volatile acids lA generally ufldecomposed by 
heat. Ga salts deprived from^ great many acids 
are l^nown (Vr Bobates, CabbonateBi Phosphates, 
BoiJPHATaB, <Jkc., &c.). ^ 

Caloidih, Selenide of. CaSe. Mol. w. un- 
known. White solid, rapidly changing in air, 
prepared JbJr heating CaSc^^ to dull redness in 
H ; [Ca,Se] « 78,000 (Fabil, C. E. 102, 1109). 

Calcium, Seleniocyanide of (? CaSe.^(CN),^). 
Probably exists. Data very meagre (Crookes, 
J. pr. 63, 161). 1 

Calcium, Sulphides of Oifb calcium sul- 
phide, CaS, is known as a solid ; solutions 
wlii-:' most pjjobably contain CaS^ and CaS., 
respectively^, have been prepared. The sulphides 
of Ca are OTcidcdly less basic than those of 
Ba, e.g. they do not react with the sulphides of 
the negative metals As and Sb to form thic- 
salts. 

I. Calcium monosulphide. CaS. Mol. w. 
unknown. IT.F. solid, from solid materials: 
[Ca,S] = 92,000 (Sabatier, d. Ch. [r>J 22, 698). 

Preparation. — 1. ILS is passed over CaOJlj 
kept at about 60®; the solo products arc CaS 
and HjO. If the reacting bodies are perfectly 
dry the change does not occur (Veley, C. J. 
47, 478). — 2. liy gently healing crystals of 
CaS^iHa-GH-P (^.v.) in the product con- 

tains some CaOJI^ (Divers a. Shimidzii, 6'. J. 
46, 270). Sclione’s method, heating CaCOa in a 
mixture of CO.^ and IIj,S (l\ 112, 193) is said 
by Divers to yield a mixture of CaS and CaO 
in the ratio llCaS:5CaO (C. J. 45, 282). 

Properties and Reactidns. — A white amor- 
phous solid; soluble in water with gradual 
decomposition, giving H.^S, nd solution of 
Ca.SH.OH {g.v.) which tlion tffowly decom- 
poses in air forming CaS..O;,Aq and CaS.r,Aq 
(Divers a. Shimidzu, l.c.). Tfi^lmpure CaS 
produced by heating CaO with GS^, or CaS 04 
with C, is not soluble in, although it is pm-tially 
decomposed by, water. Perfectly dry CaS docs 
not absorb CS^ ; but in presence of a basic 
calcium thiocarbonate, 2CaOvjn.^.CaCS;,.10ll.D, 
is produced (Veley, C. J. 47, 480). Sal atier 
{A. Ch. f5J 22, 698) gives the thermal value 
[Ca,S] = 92,000 ; [CaS, Aq] = 6,010 (? pure mate- 
rials). 

II. Calcium polysulphides. When CaS 

(prepared by heating CaO in CS^rnd CO.^ and 
therefore containing some CaO) is boiled with 
S and H^O, it dissolves, forming an orange-red 
liquid ; the quantity of S which goes into solu- 
tion corresponds with that re<puredfto ftym 
CaS 4 and CaS^ ; if more S is used it is deposited 
on cooling the liquid ; if less S than Sj to CuS 
is used, some of the CaS remains undftsolved. 
Both solutions are decomposed on concentration 
with ppn. of Ca0..jH,^ and S, and evolution of 
H.iS {v. SchOne, i".,117, 58). •Warm CaSJIAq 
dissolves S very readily, forming a solution of 
CaSj and evolving H^S ; thfe solution is com- 
pletely decomposed (if cold ai^ dilute) byja.^S 
forming CaSaHjAq with ppn. of S (Divers a. 
Shimidzu, C» J. 45, 270). ^ • 

CaS^Aq is decomposed in contact witli^ air. 
By boiling 3 parts CaO, 1 part S, and 20 parts 
HjO for some time, and allowing to stand for 
several days, orange-red needles are obtained of 
80«0.0aS4.12H20 (Hersohel, N* Ed, P.J, 1, 8; 


SchSiJ, P. 117, 58), 2CaO.CaS,. 10 or 11 n,0 
according to Oeuthei* (A. 224, 178). If CaS 
(prepa'-ed by action of CS, and OO.j on CaO) is 
boiled ^ith much water ^nd filtered hot, CaSO, 
is sai^ to separate out ahd then yellow needles 
of 6 ClO.CaS,. 20 H 2 O (If. Rose, P. 66 , 433), 
or 4C>\).CaS4.18n,0 (Schono, P. 117, 68 ), or 
SCaO.CaSj, 14 or 15 H .,0 (Geuthcr, A. 224, 
178). These oxysulphides are easily dewom^osed, 
^ Calcium, Siilphocyanide of. Ca(CNS) 2 . By 
saturating IICNSAq with CaCOj, v, sulpho 
CYANIDES, under Cyamues. 

Calcium Sulphydrato {or hydrosulphide)', ar.i 

Calcium hydroxy-sulphydrate (or hydroxy- 
hydrosulphidc)^ CaS.JI . Cl 1 .(), and 
Ca.SH.OH.3II,0. liy passing M,S into a 
solution of CaO conlaiiung solid Call^O.^, 
CaS^lL.Oir.O is formed : 1 part CaO is added to 
3-4 parts wiarm water ; when cold, ll.S is passed 
into the semi-solid substance until all has dis- 
solved ; more CaO is added, little by little, the 
whole being surrounded by ice, and Hj^S is 
passed in until a little CaO remains un- 
dissolved ; the liquid is quickly decanted into a 
tube kept in ice ; tlio crystals which separate 
are drained and a current of dry H.S is swept 
over them at O'*. Air must bo excluded during 
the entire operation (Divers a. Shimidzu, G. J. 
45, 270 ; Veley, C. J. 47, 478). CaS,Il 2 .CHj.O 
forms colourless prismatic crystals, which melt 
in ihfjjr water of orystallisatiori, giving off H 2 S 
and -ormiiig Ca.Sll.OilAq and CaO.^Hg. At 
about 15®-18®, IIjS is evolved even in an atmo- 
sphere of IDS. Ca8JIr^>^^.!0 is very soluble in 
water and alcohol. rJaS JLAq is slowly oxidised 
in contact with air, giving a little CaS^O.jAq and 
CaS^ Aq. Thomsen ( Th. .3, 251 ) gives the tliermal 
value [Ca,S-',Tr-,Aq] = 115,250. 

References.— G. R. 62, a08 ; H. 
Rose, P, 56, 133 Berzelius, fS. 34, 12 ; P. 6 , 442 ; 
Bottgor, A. ->9, 79 ; .33, 344. 

When a stream H is ])aKscd through 
an i e-cold solution of CaS., ID, crystals of 
Ca.SIT.OII.3ILO are formed, and H.^S is evolved. 
The S’Aie com]3ound is formed by the combi- 
nation of H^O witli CaS, as in the interior of 
heaps of soda-wa.ste ; and by the mutual action 
of CaO JI^ and II.S, as in the piirilication of coal 
gas. Calcium hydroxysulphydrate crystallises 
in colourless four-sieleci prisms ; it i.s soluble in 
water with decomposition into CaS.JLAq and 
CaO.JL; iasoluble in, but slowly decomposed 
by, alcohbl »(CaS.4L goes into solution %nd 
CaO.JIj remains; Divers a. Shimidzu, G. J. 45, 
270). It absorbs CS,. forming a baSio thiocar- 
bonate 2CaOJL.CarSj. lOHp ; it is the active 
agent for absorbing CS*. in ga.s-purification 
(Veley, G. J. 47, 478). ^ * M. M. P. M. 

CALLUTANhIiJ ACID C.JT.jO,. Occurs in 
Callmia vidga. it - , the common Ijing. The green 
parts are extract i;d with alcohol, water is added, 
and from the filtrate the lead salt is ppd. by 
JVb(OAc)g. Arabcr-coloiA-ed mass. Its solution 
in alkalis rapidly absorbs oxygen (rom the air. 
Reduces AgNO^Aq. Fc^Clc gives a green colour. 
Dyes mordanted wool sulphur - yellow, — 

Salts. — (rbC, 4 H, 20 „) 2 (Pb 0 ) 3 aq(?)— 
(PbC, 4 n,A),(PbO), 2 aq(?)- 
Sn(C, 4 II,. . 02 ) 2 ( 8002 ). 2aq(?). 

Boiling dilute mineral acids convert callutail&io 
acid into calluxanthin O 14 H 10 O,, a yellow flopon- 



OALOTfAmO AOm 


lent pp., d. sol, cold water, t. sol, hot Irater 
and afoohol. Its alkaline eolations rapidly ab' 
sorb oxygen from the air (Boohleder, A, 84! 854), 

OALMUS V , Oalaiius. ' 

CALOMEL. Mercuious chloride (HgCf). 7. 
Hebourt, ohlobides of. . 

CALOPHYLLUM RESIN jtoS^]. 

S,G. 1'12, A resin from Calophyllum calaha or 
longif^wlf of South America. Said to give 
butyrio aoid on oxidation (Levy, C. B. 18, 242)^ 

CALORIMETER. Instrument for measuring 
quantities of heat. 7, PiiYsio.u'i methods. Sect. 

THERMAL. 

CALYCIN [240'^ uncor.]. Occurs 

in a yellow lichen, Galycium ci^rysoccplrnhwit 
from which i; lis extracted by boiling ligroin 
(Hesse, B. 13, 1816). Sublimable. Yellow needles 
or prisms. S. sol. cold petroleum spirit, petro- 
leum ether, ether, alcohol, and acetic acid, more 
easily in the hot solvents. By strong aqueous 
KOH it is split up into oxalic and phenyl-acetic 
acids. Carbonated alkalis give salts of calycio 
acid. 

CAMELLIN C.,3H„^Oifl. A glucosido occurring 
in the seeds of Camellia japonica (Katzujaina, 
Ar. Ph. [3] 13, 334). Extracted by alcohol, and 
ppd. by lead acetate. White powder with bitter 
taste, inaol. water. Somewhat resembles digi- 
talin. 

CAMPHANIC ACID 0,oH„0^ le. 

>0 


ChH, 




Oxy-camplmic anhydilde. 


From bromo-camphoric anhydride, the product 
of the action of bromine orf camphoric anhy- 
dride, by treatment with water (Wroden, A. 163, 
330; Woringer, A. 227,3). From campholic 
acid and bromine (Kachler, 162, 264). Formed 
also as a by-product in the preparation of cam- 
phoric acid by oxidation of camjfaor with HNOs 
(Itoser, B. 18, 3112). According to Fittig {A. 
172, 151) it is a lactoiv^ acid, formed vid 

CJI„Br<^^>0 and C,H,s(OH)(CO,H).,. 

Properties , — Feathery crystals or p.isms 
(from water). Monoclinio, a:b:c = l*2723;l;l-622. 
/3 = 66°34'. 

Salt.— BaA'jSjaq 

BeacHon, — 1. On distillation camphanic acid 
gives COj, campholactono ( ,andIauro- 

\co 

nolio acid CgHuCO-jII.— 2. K-pr^O, ^ana H.pO^ 
oxidise it to camphoronic acid CoHwOa (Brcdt, 
B.18,2989),‘ 

CAMPHENE V . Terpenes. 

CAMPHENOL v. Boi-neol and Cineol. 

CAMPHENYL-^-TOLYl -AMIDINE 
0 ,H,5 C{NII_j):NC7 H7 [11.5°]. Ffno white glisten- 
ing needles (from ligroin). Formed by healing 
campholenonitrile C,,II,.,CN with p-toluidino 
hydrochloride at 250° ((loldschmidt a. Koreff, 
B, 18, 1633). 

CAMPHIC JLCID C.oHrA- S. *14 at 19°. 
C®]d *» 15°45' (in alcoholic solution). Formed to- 
gether with camphoric acid by passing air 
through a boiling solution of sodium camphor, 
0,oH|jNaO in xylene. Thick mass, v. sol. alco- 
hC’ find ether. EMnO. oxidises it to camphoric 
acid. The calcium salt distilled with calcium 
formate givei camphor and camphrene 


gs. aas^*) (Montgolfier, A, Oh, m 14, 70; a B 
88, 916). w 

OAMPHILENE 9. Tebpbneb. 


CAMPHIMIDE 0,„H„NorC* 


«<i>' 


iNH (?) 


Formed together with dicamphorilimide by dis- 
tilling the hydrochlorile of amido-camphor {v» 
Camphor) with steam (Schiff, B, 13, 1405). 

CAMPHINE V. Terpekes. 
CAMPHO-CARBOXYLIC acid V. Camphoh 

CARROXYLIC ACIDv) 

(a)-CAMPHOOLYCURONIC ACID 

[130°]. S. 5. [a]o = - 33°. Occurs, together 
with uramido-camphoglycuronic^M aeiji C. vhe 
urine of dogs that have taken cainplmr (Schmie- 
doberg a. Meyer, H. 3, 422). Small thin laminin 
(containing aq) ; v. e. sol. alcohol and hot 
water, insol. ether. Boiling dilute HCl splits it 
up into glyouronio acid C„H,o07 and crystalline 
campherol C,„H,„02 [198°]. HNOg oxidises 
it to camphoric acid.— BaA". — BaA"2aq. — 
AgHA^a’aq. '' 

(3)-Campboglycuroiiic acid CiAiOg. An 
amorphous modification of the preceding, 
formed by warming it with baryta. — AgHA" 3aq ; 
crystals, more soluble than the Ag salt of the 
(a) acid. 

CAMPHOL a name for Borneol (q.v.), 
yCO 

CAMPHOLACTONE CJI,/ | . [50°]. 

\ 0 

(230°-235°). Fromcamphiinic acid by distilla- 
tion, together with laurouolic acid (Woringer, 
A, 227, 10). Slender needles (from watci). 
Has a pungent odour of camphor. Like other 
lactones, its solution becomes cloudy when 
gently heated, but the oily drops afterwards, 
dissolve up again.. Volatile witli steam. K^COj. 
separates it t'-ih its aqueous solution. Wlieiii 
boiled with baryta tlio salt of tlie cor responding' 
oxy. a.vi 1, C^H, ,(OH)CO..H, is formed. 

CAMPHOLENE (^^‘3°). V.D. 4*35.. 

Prepared by the action of dehydrating agents om 
campholic acid (Ddalaude, A. 38, 340) and by 
distilling potassium campholate with soda-lime 
(Kachler, A. 162, 266). Probably identical with 
the hydrocarbon got by distilling the calcium 
salt of campholonic acid (Goldschmidt, B, 
20, 483). The name campholcne has also 
been given tc; C„H,, (o. 123°) obtained by the 
action of dehydrating agents on camphoric acid 
and its amides (Ballo, B. 12, 324). 

CAMPHOLENIC ACID C.JileOa i.c. 
C9n,.,.C02Li or CHn,3(CO.H) Oxy-camphor, 
(c. 2d0°). Colourless oil. Formed by saponi- 
fication of its nitrile which is obtained by heat- 
ing camphoroxim with acetyl chloride. Formed 
also by treating an alcoholic solution of (8).di- 
bromo-camphor with sodium-amalgam (Gol<l- 
schmidt a. Zurrer' B. 17, 2069; Kachler a. 
]Spitzer,B. 17, 2400; Jlf.3,216; 4,643). The 
Oa salt on dry distillation yields C„H,fi, possibly 
campholene (Goldschmidt, B. 20, 483). Oxi- 
dising agents give oxy-oamphoronio aoid. At 
260° the NH^ salt gives the amide [127°].— 
NH4 A BaA'j 4aq. 

Amide OAyCONH,. Isocamphoroxim 
[125°]. Glistening plates ; sol. alcohol, ether, 
and cono. acids. Formed by heating the nitrile 
with alcoholic KOH, or by heating the ammo- 
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nlam siUt of ll]| acid to 260°. By distiU'ation 
with B,S, it ]01dB the nitrile (NSgeli, B. 17, 
806 ; Goldschmidt a. Ziirrer, 17, 2069). 


( 21 ( 1 °). 
>xim wii 


Foliation.- 
th AcCl which 


jVttriZa.— 0,H,4.0N. 

1. By heating oamphoroxim 

removes HgO. — 2. By distilling campholenamide 
(isooamphoroxim) with P2S5. Reactions.— I . By 
heating with alcoholic K^l it is converted into 
campholenamide. By Mng boiling with alco- 
holic EOH it yields campholenic acid. — 2. By 
heating with hydrozj/lamine it gives an amid- 
oxim OjoHj^iN^O which crystallises in white 
plates melting at [lOl*^]. — Induced in alco- 
holic solution by Zn and IICl to the amine 
.NIL (Goldschmidt a. Ziirrer, 2>‘. 
17, 2069* Goldschmidt a. Koroff, B. 18, 
1634). — 4. fcuccessive treatment with sodium 
amalgam ViXid HCl yields Ci,.H,,:N.,Ch, the hydro- 
chloride of camphyl-di-phenyl-iiydrazinamiiie 
OgH,,(CH2Nn,)N.H2Ph. [157^] (Balbiano, 
Q. 17, 156). 

Nitre - campholenic ac'd C,„H,5(N0..)0.. 
Nitro - oxy - camplion [164°J (Z.) ; [170*^] 

(K. a. S.). Formed by nitration of campholenic 
acid (ZhiTcr, B. 18, ^228 ; Kncliler a. Spit/, or, 
M. 4, 643; B. 16, 2330; Swarts, B, 15, 2135). 
Monoclinic pyramids, a:b:c = *70:1 :• 1 3 ; p = 
89° 18*. Sol. hot alcohol and ether. Bednccd by 
tin and HCl to amido-campholenic acid whoso 
hydrochloride crystallises in lamime [250^]. 

CAMPHOLIC ACID C, Mol. w. 170. 

[96°] (K.) ; [106°J (M.). [a]j = 60° (in alcohol). 

Formation. — 1. By passing camphor- vapour 
over nearly rod-hot pota.sii-liiue (Dol.alande, A. 
Ch. [3] 1, 120).— 2. By adding potassium in 
small pieces to a solution of cam^dior (1 jDt.) in 
boiling petroleum (3 pts.) at i;|P° (Malin, A. 
145, 201). — 3. By boiling camphor with alco- 
holic KOH (Kachler, A. lOlii^oO). — 4. By 
heating camphor with Na at ‘istN^pMontgoUic’, 
A. Ch. [5J 14, 99). 

Properties . — Monoclinic prisms (froid dilute 
alcohol) or nodular groups of lamina) (from 
ether-alcohol), V. si. sol. water; volatile witli 
steam. 

Reactions. — 1. HNO3 gives first camphoric 
and then camplioronic acids. — 2. Moist Br 
gives at first camphoric acid, then bromo- | 
camphoric anhydride, and lastly oxy-camphorio 
anhydride C,oTI,^0^. — 3. P.^. gives caniidiolenc ; 
red-hot soda-lime acts similarly. • 

Salts. — KA'2aq ; laminro. — CaA'„aq. — 
AgV. 

Chloride (224°) (Kachler, A. 102,^206). 

OAMPHOE C,„n,aO. Mol. w. 162. [17^°]. 
(204°). S.G. 15 -992. S. -1. S. (alcohol of 
S.G. *806) 120. V.D. 6'32. 7611 (in 

a 32-3 p.c. benzene solution) (KanonnikolT). 
[o]i, = 66*4— *1372 2 (where 5 = no. of grins, of 
alcohol in 100 grms^ of soluti^). 

Occurs in the wood and bark of Laurus 
camphora, from wliich it is Extracted by distil- 
lation with steam followed Bublimsiion. 
Varieties of camphor occur also in several essen- 
tial oils (v. infra). Campho. may bo recovered 
from its bromo- derivative by the action of 
nascent H or of alcoholic KOH (Schifif, B. 13, 
1407 ; 14, 1377). Camphor is also formed by 
distilling calcium camphato with calcium for- 
mate and by oxidising dextro- and Itcvo- rota- 


tory Arneolfl (Montgolfier, C. B, 88, 915 ; A. Ch. 
[6] 145 20). 

-Hexagonal prisms, terminated 
by hexagonal pyramids. (Descloizeaux, A. Ch, 
[3] 66-219; Cazeneuv^a. Morel, 0. R, 101, 
4.38). *Tougli, with peculiar odour ; sublimes 
at or(f nary tempe*atiires. Small pieces rotate 
upon pure water. V. si. sol. water, v. sol. 
ordinary solvents. Camphor is dextuD-rofbtory, 
tbo rotation varying greatly with the nature 
and streiigtli of th ) solvent (Arndtsen, A, Ch, 
[.3j 64, 403 ; LandoU, A. 189, 334). Its re- 
fractive power is that of a saturated compound 
(Gladstone, (T. J. 49, 621). 

Reactions. - 0 - 1 . Can^fiior (5 kilos.) gives, 
when oxidised by UNO.,, (1'7 kildk.t^3f) pure cam- 
phoric acid insol. cold water, and (1-8 kilos, of) 
crude camphoronic acid. Besides camplioronic 
acid the aelublo ])ortion contains (-1 kilo, of) 
dinitroheptoic acid, and (-2 kilo, of) acids 
(hydro -oxycamphoronic acid), 0„H,20„ 
CjHjjO., (?) [145°], and another acid, A very 
small quantity (2 g.) of inesocamphorio acid, 
{^l«o got. Tliis forms woolly needles, 
soluble in cold water [120°J. 2. By oxidation 

with CrO, it gives camplioronic acid CoHj^Oj 
and liydro-oxy-camphoronio but not 

adipic acid (Kaehlcr, B. 13, 487 ; cf. Ballo, B. 
12, 1697). Alkaline KMnO, gives camphoric 
aeid (Grosser, B. 14, 2507).- 3, The chief pro- 
duclj of the dry distillation of camphor with 
ZnC^, (2 pts.) are ^/i-iiiothyl-isopropyl-benzene 
(m-cymene) and (l:2:4)-di-uiethyl-othyl-benzene 
(laurene), together with smaller quantities of 
(1:2:3;6) - tetra - mfthyl • benzene (isodurene), 
carvacrol, camphoroiie, and various other bodies 
(Armstrong a. Miller, Ti. IG, 2265) such as CH^, 
benzene, toluene, xylene, and i|/.cumene (Fittig, 
A. 14.5, 129 ; Bommier, Bl. 12, 383; Juippmana 
a.Longmnhie, :k[ 2 ] 5,413; Montgolfier, A. Ch, 
[5J 14, 87]. 4. By tlie*action of iodine it yields 
a hydroc.irbon C.JT^, carvacrol, * (1 :2:4)-di- 
111'. t nyl-eihyl-benzcue, (1:2:3:5) - tetra - methyl - 
ben/enc, and traces of ordinary cymono (A. a. 
kl. ; Armstrong a. EaskelJ, B. li, 151; Ray- 
man a Preis, B. 13, 310). — 5. By treatment 
with PoOr, ordinary cymeno is formed, wdiich is 
also the chief product of the action of P-^S, but 
neeompanied in the latter case by small quan- 
tities of m-mcthyl-isopropyl-benzeiie and tetra- 
methyl-bcnzene (Belalando, A. Ch. [3] 1,868; 
Armstrong a. Miller, B. 10, 2266).- 0. By dis- 
tillatio;. •bvt^' red' hot zinc-dust a mixture is 
formed of tofiicne, 2^-xylenc, cymeno, and a little 
benzonc; (Schrbtter, f?. 13, 1021)*— 7. Cone. 
II.,SO^ forms can'phrene or camphorphorone 
C., 11,^0 (Chautard, C. R. 44, 00; Schwanert, A. 
123, 29'S). — 8. Boiliiy alcoholic KOH forms 
campholic aoio apd borneol (I**erthelot, A. Ch. 
[3] 60, 94 ; ].L ! 2] 17, 300 ; Montgolfier, Bl. [2] 
18, 114 ; 25, 13 ; Wheeler, A. 140, 84 ; Kachler, 

I A. 102, 208). Campholic acid is also formed by 
jlpassing camphor- vapoiij^ ever heated soda lime. 

9. Cl has no action, but in presenqp of alcohol 
or PClg chlorination ensues (Claus, J, pr. 26, 
267). — 10. HCIO forms cliloro-camphor. — 11. Br 
forms CjnHigOBrj which readily splits up into 
HBr and bromo-camphor. — 12. ICl at 260° 
forms CCI4, C.Clg, and CgClrt.— 13. PCI, fon^ 
C.JIjhCIj.— 14. Camphor absorbs IICl (BindSu, 
A, Ch, [3] 24, 328). Aqueous HCl at 170° 
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splits it np into HjO and oymene (Ale: 

/. 1?. 12, 187}. — 16. Camphor absorbs* 
becoming liquid. — 16. It also absorbs NO,. — 
17. Cone. HIAq at 200® forms 0,oH,9 (-163®), 
(185®-140®), d*id (170®'l75®) 

(Weyl, Z. [2] 4, 496; B. 1, 96). — 18. sSilium^ 
amalgam has no action. — 19> Na acting {t 90® 
on a solution of camphor in toluene lorms 
sodiunA-canphor and sodium borneol (Baubigny, 
Z. [21 2, 408; 4, 298) (cf. p. 672).--20. CO, ga ,3 
passed into the product of the action of Na on 
camphor in toluene forms the carboxylic acids 
of camphor and of borneol (Baubigny, Z. [2] 4, 
482, 647). Air passed into the same mixture 
forms camphoric acid /Montgol£,cr, A. Ch. [5] 
14, 75). — 21.^amphor does not combine witli 
NaHSOg (Fittig a. Tollcns, A. 129, 371).— 
22. AcCl has no action. — 23. Converted in the 
animal economy (of a dog) into ca%.iphoglycu- 
ronio acid (q. i;.). — 24. !Melted camphor absorbs 
BF, forming C,i,TI,/)BF 3 [70°] ; when this is 
heated for 24 lioura thei e is fonned cymeiie and 
its polymerides, CJI.o, C.H,.., and other hydro- 
carbons (Landolpli, C. R. 86, 539).- 25. Chloral 
hydrate forms an unstable molecular compound 
with camplior. It is a viscous liquid, sol. alco- 
hol and CHCJ^, insol. water (Cazeneuve a. Im- 
bert, Bl [2] 34, 209 ; Zcidler, J, 1878, 615). - 
26. By heating with ammonium formate 
at 220'^ -240® it yields forniyl-bornylaminc 

< C1’I^ . 

I (Louchart a. Bach, iK 20, 

CII.NHCHO 

104). — 27. It does not react with phenyl -cyanate 
(L. a. B.). — 28. Hydroxylaimnc forms an oxim, 
V. Camphoiioxim. 

Fhenyl-hydrazide C,oHi„;N,Tirh. (233®) 
at 10mm. From camphor and ])henyl-hydra- 
zinc. Oil. Split up by dilute HCl into cam- 
phor and phenyl-hj’drazine, a<id by dry HCl 
into aniline and the n;i,rilc of campholcnio 
acid (Balbrano, O. 16, 132). 

Constitution. - action of hydj'oxylamino 
on camphor coupled with the fact that camphor 
does not combine with NaTISOg indicatik} that 
it is a ketone. The ready formation of benzene 
derivatives indicates a six-carbon ring. Its opti- 
cal properties are those of a saturated compound, 
V. also TEKrENE.s. 

The two following formula) amongst others 
have been proposed for camphor ; 
CH,.C(C3HJ.CH, 

I w I I (Schiil, A.w226, ^49^ Kanon- 

CH..C(CH3).C0 

nikoff, [2] 32, 511; cf. Kekul6, B. 6, 931): 
CH,.CH,.CH.CH, 

I II* (Armstrong a. Miller, B. 

CII,.CH.OH,.CMe.CO . 

16, 2265). V. also Teupenes.* 

Chloro - camphor C,„H,,C10. [95®]. From 
camphor and cone. HClOAq (Wheeler, Am. 8. [2] 
46, 48; A. 146, 81). Crystalline powder (from 
alcohol) ; at 200® it givdfi off HCl. Decomposed 
by alcoholic gNO,. 

(a)-Chloro-cainphor C,oIT„C10. [84®]. (C.); 
[93®] (B.). (246°).[a]j » 90°. Formed by passingdry 
Cl into a solution of camphor (760g.) in absolute 
alcohol (230g.) (Cazeneuve, C. B. 94, 1530 ; Bl. 

9; 44, 161). Formed also by heating 
chloro-camphor carboxylic acid (Schiff a. Puliti, 
B. 16, 887 ; Balbiano, 0, 17, 96). Hard, brittle, 


monooliiiio needles; smelling lik^amphor; ?ola* 
tile with steam. Not deoompol^ by alcoholic 
AgNO,. Sodium-a^ialgam reduces it to cam- 
phor; the copper-zino couple, and hot soda- 
lime, act similariy. Alcoholic KOH at 180® 
gives borneol. Phenyl - hydrazine forma 
C,„H„(N.,HPh)(N2H.,Ph) [66®] (B.). 

(^)-Chloro-camphorO,oHj5C10. [lOd®]. (246®). 
[a]j = 67®. Deposited »^rom the mother-liquor 
after the preceding has separated (Cazeneuve, 
C. B. 95, 1358 ; Bl. [2] 39, 116). Soft, minute, 
needles, more soluble than the preceding ; mis- 
cible with boiliifg alcohol. Not decomposed by 
alcoholic AgNO,, but converted by boiling alco- 
holic KOI! into the preceding body. li^qyl- 
hydrazino produces the same compound [56®] as 
with the preceding (B.). #• 

(a).Di.chloro.camphor 0,„H,,ClaO. [96°]. S.G. 
[a]j = 57'3® (in alcohol or chloroform). 
Formed by passing dry chlorine for several hours 
into camphor dissolved in absolute alcohol at 
80®-90®. The product is ppd. by water and 
ciystalliscd from alcohol (Cazeneuve, G. B. 94, 
730, 1058; BL [2] 37, 454). Trimetrio prisms 
(from alcohol); a:5;c = l'e358:l:l-4820 ; si. sol. 
cold, V. sol. hot, alcohol ; almost insol. water 
but rotates upon it. Above 150° it blackens, 
giving off IICl. Insol. HO Ac (difference from 
camphor). It forms a liquid combination with 
aldehyde. 

(^)-Di-chloro.camphor C.oTlHClaO. [77°]. [o]j 
= 57-4° (in alcohol) ; 00 0° (in CHCIJ. Ppd. by 
adding water to tho motlier- liquor from which 
the preceding lias crystallised (Cazeneuve, 0. B. 
94, 1300 ; lU. [2] 38/ 8). Crystallises from al- 
cohol with difficulty; v. e. sol. alcohol, etlier, 
and chloroform; liquefied by chloral -hydrate 
(difference froifi tho preceding). 

Tri-chloro-camphor C,Jl,.,Cl 30 . [54°]. [a], 
*=64° (in alco^ ■ ?;. Formed by saturating chloro- 
camphor witVi chlorine at 100° (Cazeneuve, C. B. 
99, GpJ). Minute crystals, insol. water, sol. 
other menstrua. Gives off HCl when heated. 

Bromo-camphor C,„H,jBrO. [76°]. (274°). 

B. G. 1*44 Ego 88-5 (in a 7-37 p.c. alcoholic 
solution) (Kanonnikoff, J. p 7 \ [2] 32, 604). 
[a]D = 139° Formed by heating camphor di- 
bromide at 100° (Perkin, G. J. 18, 92 ; Maisch, 

C. G. 1873, 437). Monoclinio prisms (from 
alcoliol); m. sol. alcohol, v. sol. CHClg and 
benzene ; mQy be sublimed (Montgolfier, BL [2] 
23, 253), 

Bcactions. — 1. Sodmyn-amalgam reduces it, 
in alcoholic solution, to camphor; alcoholic 
KOH al^) gives camphor. Sodium added to 
its (iolution in toluene gives sodium camphor 
(E. Schiff, B. 13, 1407).— 2. PCI, has no action 
even afr 100° (Schiff, B. 14, 1378; Kachler 
a. Spitzer, M. 3, 206). — 3. Heating with ZnCl, 
at 160° gives a mixture of ^-xylene hexahydride 
and a phenol C,oH ,40 apparently identical with 
tho carvacrol obtained by *tho action of I on 
j? camphor (E. Schiff,^. 13, 1407).— 4. Nitric acid 
fornv bromo-nitro-camphor and camphoric acid 
(Armstrong, B. 12, 1358 ; E. Schiff a. Maisson, 
C. 10, 317). — 6. Phenyl - hydrazine forms 
C,oH^,(NgPhH)(N^hH 2 ), [66°] (Balbiano, Q. 

(«)-Di-bromo-camphor OioH.^BrjO. C116®]r 
Formed, together with the preceding, by heating 
bromo-oamphor (1 mol.) with Br (2 mols.) for 11 
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hoars at 180® (^a. S.; cf, Swarts, Z, [2] 2, *205; 
B. 16, 1622). formed also by heating (0)>di- 
bromo-eamphor with gaseous IIBr at 130® 
(Swarts, B. 16, 2136). Trimetrio crystals ; 
a:6:c =3 *96:1:‘52 ; si. sol. alcohol, ether, and 
petroleum. Less volatile with steam than the 
preceding. 

Beacti^. — 1. Sodmm-anialgam gives cam- 
phor and campholcnic utcid.— 2. Cone. IINOj 
gives di'bromo-nitro-camphor [130°]. 

(i8)-Di-bromo-camplior 0,oH,,Br.p. [Cl®]. 

Formed, together with its isoiueride, by the 
action of Br (1 mol.) on bromo-ciimplior (1 mol.) 
for 7 hours at 120° (Kacliler a. Spitzer, M. 3, 
208 i^epharovich, M. 3, 231 ; cf. It. Schill, O. 
11, IT?; Moiffgolfier, Bl. [2] 23/263). Trimetrio 
crystals, a:4:c-2-0085:l:i r>778 (Cazonoiive a. 
Morel, Bl. [2] 44, ICl) = 1-944:1:1*6.58 (K. a. S.). 
V. sol. alcohol, ether, and petroleum. 

Beactions. — 1. Alcoholic KG If, or sodium- 
amalgam, reduces it to bromo-eamphor, and 
finally to cami)hor. — 2. Sodium and CO., form 
camphor carboxylic g,cid. — 3. Cone. UNO., givc.^ 
camjjhoric, and hydro-oxy-eamphoric, aeids, to- 
gether with bromo-(ti-iHtro-methano (Kacliler 
a. Spitzer, M. 4, 564). 

(a)-Chloro-broino-camphor CjoHj^ClBrO. 

[98°], [a]j = 78°. Formed by heating chlovo- 
camphor [81°] with bromine in scaled tubes for 
5 hours at 100°. White needles. Insol. water, 
sol. hot alcohol, ether, and CllCla (Cazcncuvc, 
Bf. [2] 44, 115 ; C. 11. 100,802). 

(i8)-Chioro-broino-camphor C,„Hi ,ClBrO. 

[51-5°]. [a]j = 5l°. Prepared by heating chloro- 
camphor (1 mol.) with bromine (2 mols.) in 
sealed tubes for one hour at 100° C. Hard, 
trimetrio crystals, a:h:c — I'Ol 4 t l:l’5395. Insol. 
water, v. sol. alcohol, v. sol. eUivJ, CTICl,, C,jH,j 
and CS,, (Cazenouvo, Bl [2J 44, 115; 0. It. 
100, 859). Decomposed by h^'ljng AgOAcAq 
(dilleronce froni preceding). 

lodo-camphor C,„H,,.I(). [44°]. F«7rmed, to- 
gether with NaCy and Nal, by the actiotfeff ICy 
on sodium-borneol dissolved in benzene (Haller, 
G. R. 87, C95), Monoelinio crystals, insol. 
water, sol. alcohol. Decomposes at about 150°. 

Nitro-camphor C,„II,5NO., [83°]. Prepared 
by the action of aleoliolio KOI! on bromo-nitro- 
camphor (Schill, B. 13,1102; G. 10, 330; 11, 
21). Dissolves in aqueous alkalis, (rives a rod 
colouration with Fe.Dl,i. HNO., gives a nitroso- 
compound. On oxidation with it gives 

camphoric acid. By reduction it give;: amido- 
camphor. Bromine forms C3«H,:,N.,Br.,G,, ? 
[95°]. Cl forms similarly (3:,oTlnJ[:iChO,, ? 
[110°]. Steam-distillation gives camplforic dcid 
and anhydride and Nil,. This substance is 
probably a mixture of the two followini^ 

(a) -Nitro-camphor C,oH,i(NO,.,)0. [101°], 

[a]j (19‘978 p.c. in benzene) -98°; (3-33 p.c. 
in alcohol) —7*6°. Formed, ^together with its 
(/i)-isomeride, by ti!b action of Zn, Cn, Fe, or 
alkalis on either chloro-nitrc^camphor dissolved 
in alcohol. Best prepared by using the ooj^per- 
zino couple. The resulting ziflc-salt of nitro- 
oamphor is decomposed by HCl. The (ah 
compound is the less soluble in cold alcoliol 
(Oazeneuve, C. B. 103, 275 ; 104, 1522 ; Bt. [2] 
47, 920), Trimetrio prisms. Decomposes at 
160®. Lfisvorotatory. Its rotation varies with 
oonoentration of the solution. It forms a oom- 


poundf with benzene. It reddens litmus, and 
deoomposes carbonates. Fe^Cl^ odours its aloo' 
hollo solution blood-red. 

()8)-Nitro-caniphor 0,„H,3(N02)0. [98®]. 

[a]j (3*33 p.o. in benzei>/) -75®; (3*33 p.c. in 
alcohoi) + 7-6°. Prepared as above. Soft,forn« 
like, crystals (fror^ alcohol). Insol. water, sol. 
other ‘'menstrua. Less stable than the (a)- 
isomeride. Fe^Cls colours its solution® red. 
Its salts are more soluble than those of the 
(a)- compound. — NaA'. — ZnA',^ : sol. water. 

(a) - Chloro - nitro - camphor C,oH, ,Ci(NOa)0. 
[95°]. [a]f=— C*2°. From cliloro-camphor [93°] 
(1 pt.) and fuming HNO;, (4 pts.). Large trime- 
tric prisms (from alcoliol); rt:5:c -- 2-022:l:l*475 
(the author does not say*\vhethe» tlifiso numbers 
belong to this or to the following body). Insol. 
water, m. sol. cold alcohol. Decomposes above 
100°. Ecdnccd by nascent hydrogen to nitro- 
camphor ((Jazcncuvc, G. B. 9(), 589 ; Bl. [2] 39, 
503). 

(/8) -Chloro -nitro -camphor C,nTI,4Cl(NO,;)0. 
[98°J. [a]j = lC-5° (in alcoliol). Occurs in the 
mother-liiiuor from which the preceding has 
separated. Boft crystals, v. sol. cold alcohol. 
Kcduction gives nitrO'Camiihnr. Loss stable 
than the (a)-isomcrido, for alkalis remove Cl 
forming nitro-camplior even in the cold. Not 
decomposed by alcoholic AgNOj (Cazeneuvo, 
C. B. 98, 306; Bl [2] 41, 285; 44, 161; 47. 
926)., 

(;.) - Bromo - nitro - camphor 0,uH, jBrNOs. 
[105^]. [a]j=— 27°. Prepared by nitration of 
bromo-eamphor. Trimidric crystals, a:b:c=» 
2'0854:1:1'5423. >{early insol. cold alcohol. 
By the action of alcoholic KOll or nascent H 
it gives nitro-camphor (Sohiif, G. 10, 324 ; B. 
13, 1102 ; 14, 1377). 

Di-bromo-nitro-camphor C, ..H^Br JN Oj) 0. 
[130°]. From (/■^-di-bromo-camphor by nitra- 
tion (Kachl a. M. 4, 554). Trimetrio 

jjrisrns Ol i; n:5:c « l'76:l:l*49.* Reduced 
by tin and IIOAc to amido-cainplior. 

Aniido-caaiphor 0,„II,,.N0. (217°). Waxy 

solid. ^ Strong base of alkaline reaction. Pre- 
pareu oy reduction of nitro • camphor with 
sodium-amalgam ui alkaline solution. It reduces 
Fchling's solution, AgNO.„ and ITgCl.. With 
IINO..J it produces oxy-camplior (Schil'f, B. 13, 
1404). On distilhitior. of the liydrochloride 
of amidO'Camphor with steam, ‘dicamphyl- 
amino’ 02,,H„NO;. passes over and ‘camph- 
imido CvH,.N vciqains in the redort. Dicam- 
phylaminv [160 ] crystallises in nccMlles, 
insol. acids, volatile with steam. » Camph- 
imide forms crystalline ilakos, soluble in acids; 
nitrous acid convens ids liydrocliloride into 
‘diazo-camphoi ’ C,olI 4!^ D [74°] wliich may be 
reduced by Zn ^ ad iJOAc to amido-camphor. 
Diazo-camphor is converted by heat into ‘de- 
hydro-camphor’ C,„H,,0 [10b°J (R. SchifI, 

O. 10, 362; 11, 171; B. 14, 1375). 
t Oxy-camphor (?) C„/I,„Oa [155°]. Prepared 
*by the action of HNO., on arnido-camphor 
(SchifT, B. 13, 1404). tlolourlcss ci^stals. Vola- 
tile with steam. 

Wheeler’s chloro-oarnphor (q.v.) gave with 
alcoholic KOH an ‘ oxy-camphor * [137°]. 

The acetyl derivative [69°] of an ‘ 0 XT| 
camphor ’ [249®] is formed by oxidising uctJfl* 
bomeol. 
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An ‘ oxy-camphor * [61®] is formed ly oxi- 
dising oaniphene (v. Tebpenes) (Kaohler a. 
Bpitzer, A. 200, 358). 

V» also Oampholknio acid. 

< Kitro-oxy-campbpr,’ v. Nitbo-oaaipholenio 

LOID, i 

OyanO'Camphor v. NitriiG of Oamphm oab- 

BOXTLIO AOID. 

I^hyljpamplior C,oH,,EtO. (228®). S.G. 

*046. [a]j = lCl®. From sodium-camphor 
and EtI (Baubigny, Z. [2] 4, 481). Oil. 

Isoamyl-camphor 0,„IJ,i(C5lI,,)0. (278° cor.). 
fa]j = 59’4®. From sodium-camphor and isoaniyl 
iodide (B.). * 

‘Nitrohexoic acid’ CJI.,(NO.JO.. i.e. 
Me.CH(NO..)X3f re,.CO,ll(?) Fromdinitro- 

hoptoic acid and sodium-amalgam (Kullhom, A. 
107, 45; Kachler, A. 191, 157). Ilectangular 
four-sided columns (from water), ^’^loiioclinic; 
b:c = 1: -0115 ; ^ - 83^ 30'. After several fusions 
it melts nt 111*5®. Quickly heated, it explodes. 

lieactions. — 1. Dissolved in a little aqueous 
KOH, mixed with KNO^ and dilute H.SO^ a fine 
blue colour is formed. This colour is taken up 
by ether; hence the body is probably akin to 
pseudo-nitroles. — 2. Sn and IICl produce methyl- 
isopropyl ketone, hydroxyl amino, and CO2. — 3. 
Baryta in sealed tubes at 05® does not decom- 
pose it, but forms the basic salt CJJ.jBaNO^. 

Dinitrohexoic acid CJI,„(N0..)202? i.e. 
MeC(N20J.OMo.,.C02lI(?) [215®J, ‘ Got by 

Kullhem oy treating the residues in the^ pre- 
paration of camphoric acid with strong Ii NO., 
(A. 103, 231; Kachler, A, 101. 155). JMono- 
clinic plates; = *5735:1; *0024; ^-70° 42'. 
M. sol. cold water, v. sol. hot water. Explodes 
when rapidly heated. Its ammonium salt 
gives with cupric acetate a bluish pp. sol. excess 
of the acetate (difference from camphoric acid). 
The free acid does not pp. cupri^’i, or load acetate. 
The neutral salts give a ii^vcufont pp. with lead 
acetate. • • 

Balt . — BaA'2 3aq. Needles. 

Reactions. — 1. lloduccd in alcoholic solution 
by sodium amalgam to mononitroheptoi|] acid. 
2. Keduced by Sn and HCl to methyl iso propyl 
ketone and hydroxylamine.— 3. Potash and 
baryta heated witli the aqueous acid in sealed 
tubes produce both nitro-heiitoio acid and 
methyl isopropyl ketone. 

Hydro-oxycamphoronic acid CaH,^0„. [1G4*5°J 
(Kachler, A. 101, 118). Needles. Sol. cold 
water. Tribasio acid. Gives no pp. w'ith BaCI.^ 
or 6aCl,., and Nila, even on boiling (difference 
from campUoronic acid). Cupric acitate gives 
no pp. until boiled when a bluish-green cupric 
salt is ppd. Lead aeptate gives a white pp. 
soluble in excess. AgNQj gives a white pp. 
soluble in hot water. . 

Salt 3.— NH ,11. A'".- Call .1"' 2aq.— Ca^A'"^ 
~-Ba,A'".2.~CuaA'";.-Ag,A'". 

ISOMERIDES IJF CAMPHOIl. 

IsBVOrotatory camphor C,„H,„0. [172® cor.]' 
(R.); [175°]^ (C,). (204®). S.G. la -9853 (C.). 
[a]j«-47® (C.); -42® (H.). Occurs together 
with a terpene in the ethereal oil obtained from 
the leaves of fever-few, Matricaria Parthenium 
(^autard, C. B. 87, ICO). Apparently formed 
by oxidising the Irovorolatory terpene ob- 
tained by treating with alcoholic KOH the pro- 


duct of the action of Hd onAlffivorotatoiy oil 
of ter^ntine (Biban, Bl. 24, 19\ Obtained aUo 
by oxidising the |}omeols of madder, valerian, 
Ngai, and Bang-^hien (Haller, C. B. 103, 64 ; 
104 ,66), HNO,* gives Imvorotatory oamphoiio 
acid [ojj-i-46®. The corresponding bromo- 
oamphor is also Imvorotatory, [a]j = ~ 128®. 

Inactive camphor CioH,oO. [1736], Got by 
oxidising inactive bbrileol (g.v.) with cold HNO, 
and then adding water ^Armstrong a. Tilden, 
C. J. 35, 752). Also by oxidising inactive 
camphene with H2SO4 and K^OrjOy. Heated 
with HNO3 it Vorms a camphoric acid, [203°] 
and giving ivhon heated alone an anhydride, 
[223®]. 

Inactive camphor From Oil ojSdt^e. 0,,,H,«O. 
[174 ]. (205° uncor.). When oil of sage is dis- 
tilled, the fraction 205®-208® deposits this 
camphor. It apparently only differs from ordi- 
nary camphor in being inactive, for:— 1. PCI, 
gives an oil which is converted by water into a 
wax-like solid, [80°] whence Na forms a white 
lAjlid.— 2. Boiled with HN^)3 (2:1) it forms in- 
active camphoric acid [18G®]. — 3. Dissolved in 
toluene and treated with <Na and CO.^ it forms 
inactive boniool, [200®]. — 4. Distilled with PgS, 
it forms cymene (M. M. P. Muir, C.J. 37, 685). 

‘ Racemic ’ camphor 02oH3.,02 (?). [170®]. 

This name is given to the product of the oxi- 
dation of a mixture of equivalent quantities of 
l»vo- and dextro- rotatory borneol, and is 
therefore inactive by compensation, as racemic 
acid is (TIallcr, G. B. 105, CG). It gives a bromo- 
derivalive [61®] and a camphoric acid [205®]. 
The ‘racemic* camphor, bromo-camphor, and 
camphoric acid wore also prepared by mixture 
and found to be identical with the above. They 
differ in soluWlity as well as in melting-point 
from the active compounds. The borneol of 
amber, and c;'..?^^:-cqueritly the camphor derived 
therefrom, itppear to bo a mixture of dextro- 
and 1/eyo-rotatory varieties in unequal propor- 
tions.* * 

Camphors, or bodies resembling camphor, 
have been found in many essential oils, e.g. oils 
of alant (p. 04), absinthe (p. 2), chamomile, 
eucalyptus, lavender, nutmeg, rosemary, &o. 
When a camphor is converted into borneol, the 
rotatory power of the resulting borneol varies 
with each operation, but the camphor regene- 
rated by oxidising the borneol has in each case 
the rotator/' power of the original camphor 
(Montgollior). According to Haller (G. B. 105, 
228) this may be explained by supposing that 
the resulting borneol is always a mixture of 
a stable uornool rotating in the same direction 
as the original campnor and of an unstable 
borneol rotating in the opposite direction. 

CAMPHOR-CARBOXYLIC ACID 0„H,A* 
[129®]. Formed as a by-product in the pre- 
paration of bornoal from camphor by the action 
of Na on a solution of camphor in toluene, 
the product being* treated with COj. It is 
produced by the union of COj with sodium- 
camphor (BaubiSny, Z, [2] 4, 481, 647 ; A. Oh, 
[^] 19, 221; Kachler a. Spitzer, B, 13, 1412; 
M. 2. 233). Long colourless monoolinio pyra- 
mids. Sol. water. Decomposes below 100® 
into CO2 and camphor. 

Beactions.—l. Boiling AoCl forms 
[19C®], crystallising in needles.— 2. PjOj, acting 
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J* POL forms Oj 2 E«Oli [46°] wfiich separates 
from ether-aloohorm triollnio crystals 
1 ; * 804 1 * 47 . • 

S ail t s NaA-'.—BaAV—PbA^f 

Ethyl ether EtA': (270 ’ uncor.) ; S.G. 
IS- 1-062 ; colourless fluid (Roser, B. 18, 3113). 

Nitrile CJEi^CyO. Cyano-camphor. [128^], 
(260°). Formed by passing^ oyanogen into a 
mixture^ of camphor and sodium-camphor dis- 
solved in hot toluene; extracted by shaking 
with aqueous NaOH and ppg. by HOAc. Rect- 
angular prisms (from ether) ; sol. alcohol, ether, 
and HOAo. Contains an atom of hydrogen 
displaceable by Na or K, forming unstable salts. 
Cone. HCl at, ;100° converts it into camphor 
carboxylic acid. ^Oxidising agents give IlCyand 
camphoric acid. Alcoholic NaOII slowly con- 
verts it into the ether of camplior carboxylic 
acid (Haller, C. R. 87, 843 ; 93, 72 ; 102, 1177). 

Chloro-oamphor carboxylic acid C, ,11,^010^. 
Formed by passing Cl into a solution of sodium 
camphor, carboxylate (^liilT a. Piiliti, />*. 10, 
887). Flocculent pp. ; decomposes on fusion 
into COjj and chloro-camp^.ior. 

Bromo-camphor carboxylic acid C,,TT,.^RrO,. 
[110°]. From camphor carboxylic acid and jir 
(Silva, B. 6, 1092). JJoth the acid and its salts 
readily decompose into CO,, and bromo-cam- 
phor.— Ba A'.. — AgA'. 

Oxy - camphor carboxylic acid C,,H, O,- , 
[160°]. [a]„ = 59°. Formed by boiling the I 

nitrile of camplior carboxylic acid with aqueous ' 
KOH (Haller, C. R. 87, 920). Nodules (from 
ether).~CaA'' Gaq.— J3aA" Gaq. 

CAMPHOR BICHLORIDE 0,,7T,,C1,.. [155°]. 
Prepared by the action of PCI, on c i .rudior iii llio 
cold: 0,oH„0 + PCI, -POOL + C,oli,«C) (P.pilzer, 
B. 11, 363, 1819; 2L 1, 319), ^lloi'med also 
by chlorinating bornyl chloride 0'^. [ilor a. 
Spitzor, A. 200, 36 1). Featlicry trimotrio noodles ; 
a:6;c~*917:l:l'G86. Easily soluble in alcolicl 
and ether. Easily splits olt HCl. 

CAMPHORIC ACID C,oII,„0, i.e. 

cn2 cpr— coil 

CaH„(COj,H)j or I I ' (Scliillf) 

CH,,-CMo-CO,JI 

or Pr.OH(OO.^H).CH.,.ClI:CMe.COJl (W. Roser, 

A. 220, 278). Mol. w. 200. [186°J. S.G. 1'19. 
S. *626 at 12°. R qq 83’14 (in a 1 p.c. aqueous 
solution) (Kanonnikoff, J. pr. [2] ,‘>l, 319). 
[o]p«i46°. Formed by boiling camphor or cain- 
pholio acid with cone. HNO3 (Kosogarten (1785) ; 
Laurent, A. Ch. 63, 207 ; Malaguti, A. Gh. 61, 
151; A, 22, 60; Wreden, A. 163, 323; V. Moyer, 

B. 3, 116 ; Kachler, A. 162, 262). It is best to use 
the mixture of camphor and borncol obtained by 
the action of Na on camphor (Maissen, G. 10, 
280). Formed also by the oxidation of cliloro- 
or bromo- camphor with alkaline Qprmanganate 
(Balbiano, O. 17, 240).* Monoclinic crystals; 
the rotation in alkaline solu^n has been . 
studied by Thomsen {J. pr. [2] 35, 167). The! 
refractive power indicates a double anion, which** 
does not agree with Schifif’s formula. 

Reactions. — 1. Heat splits it up into water 
snd an anhydrido.-~2. Water at 180° changes ilf 
into meso-camphorio acid.— 3. Fuming HCl at 
400° forms 0,Hu and OgHie (Wreden, A. 187, 
Cone. nIAq at 200° gives xylene iotra- 
Yoji. J. 


hydride aftd hexahydride (W.).— 6, By the action 
of ZnOls xylene tetrahydnde O-Hu is produced : 

®BHH(CGjH)j =* OjHj^.-f- 00a + + HaO. 

The same hydrocarbqn is produced by the action 
of ZnCIa on ammonium fhnphoraraio acid: 

0,oH,|0,(NH,)(ONH,) + ZnCla + H^O => 
2NTI,Cl +^nO + C() + GOa + C,H ,4 (Ballo, B. 12, 
324).— 6. The ammonium salt distilled with 
PA gives a torpone C,.,!!,,, (BallT>, A. 19*4 32i). 
7. Cone. ILSO, forms CO and * sulphocam- 
phorio acid.’ — 8. Couo. UNO., gives campho- 
ronic acid. 0. gives pimelio acid 

Pr.CH(CO,lT).CIi,.CO,TI and an acid 0,„H,A 
(Jllasiwetz a. Grnbowsky, A. 145, 205). — 
10. Distillation with soda-Ji)yc camphoric 
anhydride and phdrono C.,!!,/) (?I.;ye'*, B. 3, 
117). Distillation of camphorates gives similar 
results. 

Balts. — (Tjpmpcr, Ar. Ph. [2] 110, 100; 
117, 23). NH,HA" a:aq.— (NH,),A".~Li.,A".— 
Na.A".— K^A": deliquescent.— MgA'' 7 \aq. S. 40 
at20°.-MgA"12aq.-MgA"13Uq.-CaH2A'V- 

^aA" 4iaq. - CaA" 7aq. — CaJLA", 8aq. — 
Ball .A' 2aq. -r>aA"aq : needles and feathers 
(Kingzett, G. J. 45, 93).— BaA"4iaq.— ZnA".— 
PbA". CuA".— Ag,A". 

E thyl -ammonium salt (NIl 3 Et)aA": 
small needles (from alcohol). Converted by 
PCI, into camphoric di-cthyl-imidine. 

Mono-methyl ether MellA''. [68°]. 
[alj^51-4°. lyimotric prisms (from ctherW 
gives ca’|iphorio anhydride when distilled, V. 
si. sol. water (Loir, A. Ch. [3] 38, 483). 

Mojio-ethyl ci/tcr EtliA". S.G. 1-095. 
Syrup. * 

Di-ethyl ether EtjA". (286°). .S.G.i«- 1-029. 
Formed, together with camphoric anhydride, by 
the distillation of the mono-elhyl etlicr (Mala- 
gnti, A. Ch. [2] 04, x.;2 ; 70, 360; Meyer,. 3. 
3, 118). Liqiii i. On!., ^.5 produces a tetra- 
chloro- derivative (C.IIaCljfgA''. S.G. H V386. 

Chloride CmHijO^CIa.*-* Heavy oil, decom- 
posing at ‘200° (.Aloitcssier, A. 120, 252). 

Cn,n,^ 03 . [217°]. (above 270°). 
S.G. — 1*194. [a]i, = — 7*7° (in benzene). 

Formed by lieating camphoric acid or its salts 
(Bouillon-Lagrango, A. Gh. 23, 153; Laurent, 
A. Ch. 03, 207 ; Malaguti, A. Gh. 64, 151 ; 
Blumenau, A. 67, 119; Moiioycr, J. Ph. [3] 45, 
177). Formed also from camphoric acid by the 
action of fl laol. of) PClp (Ger’uardt a. Chiozza, 
A. 87, 294), rf coHc. of Ac,0, or of AcOU 

(Anschiitz, B. 10*1881). Long trimotrio prisms 
^.(from alcohol) (Montgolfier, A. Ch. [5] '^14, 6), 

I V. si. sol. water, v. sol. alcohol, v. o. sol. ether. 
Slowly converted by boiling water into cam- 
phoric acid. The statem-^ut of Brodie (Pr. 9, 
361 ; 12, 655) tliat Jparium peroxide formed 
camphoric peroxide- Jjas been denied by Kingzett 
(C. J. 45, 93). 

Amide C 8 H,,(CONlij 2 . ^Amorphous masi 
(Mojtcssicr, A. 120, 253). 

Imide C,H,^:C 20 .,:NH. [180°] (ii>» sealed 
tubes, Ballo, A. 197, 332). Formed by heating 
adimonium camphoramato at 160° (Laurent, 
Gompt. chim. 1845, 147 ; A. GO, 327). Lamime. 
May be distilled. 

Ethylimide CgH, ^tO A*»NEt. [60°], 

(275°). Colourless crystals. Prepared by dis- 

XX 
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lining ethylamine oamphorate (Wallaoh a. 
Eamenski, B. 14, 164; A, 214, 248). 

Alii/l-imide [49^. 

Formed by heating camphoric acid with allyl 
thiocarbimide. Ii]( ol. water, boI. alcohol and 
•ther. c 

Phenyl-imide OHEutO-iOjiNPh. [116®]. 
Formed, together with phony 1-cam phoramio 
acid, ^y warming camphoric anhydride with 
aniline (Gcrhardt a. Laurent, A» 68, 35). 
Needles (from ether) ; insol. cold water. 

Di-cthyl-imido-imidine C,4Hj{,N20 i.c. 
-0=NC,H. 

O.H,.<r >NC,H. (28C»). r S.Q. 15 1018. 
^0 = 0 

Liquid cV sol. water. p5[iS. salts of Cu and 
Fe. Prepared by the action of PClj on etliyl- 
amine-camphorate or by the action of ethvl- 
XOl, 

amino on the chloride (O.HX >NEt) obtained 
\C0 

from POI5 and oamphoric-ethyl-imide. By IICl 
at 200° it ia docoin posed into ethylamine anil ! 
camphoric-ethyl-imide. Salts. — B'HOl; deli- j 
quescent crystals. — B'lII: sparinj^ly soluble I 
needles. — (B'HCl)..PtCl4. Its cthylo -iodide \ 
B'Etl : [245°] ; forms long colourless prisms 
(Wallach a. Kamcnski, B. 14, 162; A, 211, 
242). 

Nitrile ObHh(ON),^. Formed, in small 
quantity, together with liydrocarbons CJl,, and 
by distilling ammonium camplioramatc 
with P,,Oj (Ballo, A, 197, 334). Crj'stalline ; 
insol. water. 

Camphoramic acid CJI,i(CONH2)(CO Jl). | 

So-called ' amido-camphoric acidA The ammo- 
nium salt is formed by the action of Nil, on 
an alcoholic solution of camphoric anhydride 
(Laurent, Compt. chim. 1845, 147 ; A. 60, 326). 
Trimetric crystals ; m. sol. hot water, v. sol. 
alcohol. — NH4A' aq. When heated with 

dry ZfiCljit gives xylene tetrahydride and ater- 
• pene (Ballo, B. 12, il2 l).— PbA'^.— AgA'. 
Phenyl-camphoramio acid 
0,H,4(C0NPhH)(C02H). Formed by boiling the 
phenyl-imido of camphoric acid wi’Cti alcoliolio 
NH„ or camphoric anhydride with aniline. 
Needles (from alcohol) ; v. si. sol. boiling water, 
— AgA' (Laurent a. Gerhardt, A. 68, 36). 
Bromo-campboric anhydride 
CO 

08H,5Br<^^Q^0. From camphoric anhydride 

^ (10 g.) and Br (15 g.) at .130° (Woringcr, A. 227, 

3) ; an additive compound Oj.Hj/ljBro appears 
to be first formed (Wreden, A. 163, 330). Tri- 
metric crystals (from chloroform). a:h:c~* 
•8866:1: *6766. Nil, gives the imido of oxy- 
oamphorio acid, 

(a).Oxy-cainphorio acid CjoHifiOj. Formed, 
together with pimelio acid, by fusing camphor 
with KOH (Hlasiwotz a. Grabowski, A. 145, 212). 
Thick liquid; the salts are amorphous. 
(/3)-0xy-camph ric acid t. 

Anhydride i.e. 

0 |H,j( 6*H):0202:0 (?) Camphanic acid. [201°].- 
Formed by boiling bromo-campboric anhydride 
with water (Kachler, A. 162, 264). Monocli^ic 
prisms (containing aq or 2aq) (Griinling, ^1.227, 

4) . Sublimes at 110°. Decomposed on distil- 

lation giving CO,, lauronolic acid C„H,,02, and 
f pampbo-lactons * Water at 180® 


splits It np into GO^ wd CgHn (119®).— 
Ba(0,oH„0 4)2 lJaq.-Cd(0,oH„04)2 8aq. 

Ethyl ether EtO,oH,jDji. [63°]. From 
bromo-camphoAo anhydride and alcohol at 160®. 
Prisms. ^ ,, 

Imide CjoHjsNO, i.e. C»H„(0H):C202:NH (?) 
[208°]. Amido - camphoric anhydri^. From 
bromo-campboric anhydride and cone. NHjAq 
at 150° (Wredep, A. 163, 339). *Iiong needles 
(from alcohol), ^ibliraes at 150°. Converted 
by nitrous acid into the anhydride. 

Oxy-camphoramic acid 0,oH„N04 i.#. 

C«H,3(0H)(G0NH2){C02H). ‘ Amido-campJioric 

acid.' [160°]. Formed by boiling the imide of 
oxy-camphorio acid with dilute KOH (Wreden, 
j A. 163, 340). Prisms containinj^aq (from alco- 
hol). On fusion it is converted into the parent 
imide. Converted into oxy-clmphorio anhy- 
dride by HNO2, by cone. HClAq, or by H.2SO4.— 
Ca A'2 2aq. 

‘ Sulpho - camphoric acid’ so - called. 

CoH,,,SO,j. [1C0°-165°]. Sulphoctunphylic 
acid. Formed, together with CO, by heating 
camphoric acid or anhydride with cono. II2SO4 
(Walter, A. Gh. [3] 9, 177 ; Kachler, A. 169, 
179). Triclinic prisms (containing 2aq) ; 

, a:b:c = -8r>15:l:*7590; a;-82®39'; ^-121° 10'; 
7~111° 36' (Zcpharovich, Sitz. B. 73, 7). V. e. 
sol. water, alcoliol, and ether, IINO3 (S.G. 
1‘25) converts it into C-lljoSO,, Potash-fusion 
gives C.,H,202 [148 '], ins'ol.cold water, but sepa- 
rating from alcohol in rnonoclinic crystals. 

Salts. - - (Nri,)„A"aq. -- K,A". — CaA". — 
BaA". Pl)H.,A"2 4;aq: trimetrio. — PbA". — 
BaCuA"2.~-Ag:A". 

ISOMRUTDKS OF OAMPTIORIO ACID. 

Lsevo -.rotatory camphoric acid 0,,)H,fi04. 
[186°]. [a]j= —46*3° (in alcohol). Formed by 
the oxidation of hovo - rotatory ([a]j = — 38°) 
borneq\,r-^r the corresponding camphor, by heat- 
ing for several hours with a large excess of 
.n::03 (S.G. 127) (Chantard, G. B. 37, 166; 
Haller, C. B. 103, 64). Beseinblos camphorio 
acid in all respects except that its rotation 
though equal is opposite. 

Inactive camphoric acid (OioTIj^OJa. [204°]. 
S. 1; S. (alcohol) 33; S. (ether) 28 (C.). 
Formed by heating inactive camphor with HNO, 
at 100°, or by mixing equal weights of dextro- 
and Irevo-camphorio acids (Chautard, G. R. 66 
698; .l.rrnstrong a. Tilden, 0. J. 85, 767* 
Haller, G. B. 105, 66). Less soluble than its 
isomeridos. 

Diethyl ether Et^A". (270®-275°). S.G. 

ir03 (C.). 

Anhy dride (CioHj^Oa).^. [223°] (A. a. T.). 

S. /chloroform) 25 ; S. (ether) 4 ; S. (alcohol) 1-5 
(0.). Formed by heating the acid. 

An inactive camphoric acid [186®] was ob- 
tained by Ik^uir (G. J. 37, 685) by oxidising the 
camphor of oil of sage 

Meso-camjihorio acid 0,oH,j04. [113®]. 

Formation.— 1. Formed by heating dextro- 
oamphorioi acid (6 g.) with (20 o.o.) fuming HCl 
at 140° for 30 hours (Wreden, Z. [2] 7 , 419 ; A, 
163, 328 ; B. 6, 665).— 2. By heating dextro- 
camphoric acid (6 g.) with HI (30 o.o. of S.G. 
1-6) at 160°.— 3. By heating camphorio acid 
with water at 200° (Jungfloisoh, B. 6, 268, 689). 

4 . Together with * sulphocamphoriq acid’ b^th# 
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Aotion of on oamphor. Occurs also in 
small quantity^!! the preparation of oamphorio 
acid from canfphor and HNO. (Kachler, 1 . 169, 
179 ; 191, 146). • 

Proper^.— Crystalline, 4)ut separates from 
alcohol and other as an oil. More soluble than 
ordinary oamphorio acid. Cone. H2SO4 converts 
it on warming into * sulphocamphorio acid.' 
When hdhted it gives the anhydride of ordinary 
oamphorio acid. Boiliifg cliluto HGl changes it 
into inactive camphoric acid. 

CAMPHORIDE 0, JljjOa. [222°]. Occurs to- 
gether with galangin and alpinin in the galanga 
root {Alpinia officinarmn). iTat yellow needles 
(containing aq), sublimable. Sol. hot alcohol, 
ether, and j^cctio acid, si. sol. chloroform and 
benzene, insol. water. Dissolves in alkalis. On 
oxidation >tith dilute IINOj it produces anisic 
and oxalic acids. 

Salts. — A'Tb : yellow amorphous pp. — 
A'Tb.^0. — A"lia 2aq : orange pp. 

Di. acetyl derivative C, J£,uO,(OAc).. 
[189°]. Colourless crystals. Insol. water, {ji. 
Bol. alcohol. • 

Di-benzoyl derivative C„.n,„04(0Bz).. 
[18G°]. Fine white needles. Scarcely sol. alcohol, 
insol. water. 

Di-bromo-derivative C„jH,„Br.De. [‘^25°]. 
Yellow needles. SI. sol. alcohol (Jahns, L*. 14, 
2385). 

.CAMPHOR-IMIDO-ACETIC ETHER 
C.^H^iNO^i.e. C„H,,<;^^>N.CII,.CO,Et. [80°]. 

Formed by adding a solution of CflaCl.COoEt to 
a solution of sodio-cainiihorimide in absolute 
alcohol. Large transparent crystals (from alco- 
hol), sol. ether (Ilallcr a. Arth, C. B. 105, 
281). 

CAMPHOR OIL, An oil obfained, together 
with camphor, by distilling tj^c wood of Laurus 
camplwra with water. It coh..‘ chielly of 
‘ camphorogcnol ’ but contains also scvei\J 
tcrpcncs {q. v.), 

Camphorogenol CjoH^Oa or C,„H„0,, or 
C,„H,«Oaq (?) S.G. 2^ -9794. [a]j 29 0°. ‘ An 
oil, v. e. sol. alcohol and ether. UNO., acts upon 
it forming a small quantity of camphor. CrO-, 
acts similarly. Excess of cone. UNO., gives 
oamphorio acid [185°], [a]j -- 40*3°. Ac D has no 
action. Sodium reduces it, in alcoholic’solution, 
to bornool, [198°], (212°), [ajj = 22*9°. With 
ZnClj it yields cymene (Yoshida, C. /. 47, 785 ; 
Oishi, C. AT. 60, 275; Wallach, A. 227, 290; 
Lallemand, A. Gh. [3] 57, 404). 

CAMPHOR-PHOROHE v. Pitorone. 

CAMPHORONIC ACID a,n,,Oe. Mol, w. 
218. [137°] Formed by oxidising campJiolic 
or camphapic acids (Bredt, B, 18, 2989). 

Preparation. — From camphor anA UNO,. 
Present in the mother liquor from which cam- 
phoronioacid has separated. Obtained by means 
of the barium salt (jCachler) ind purified by de- 
composing this with HCl, extracting with ether, 
boiling off the ether, dffisolving in water, 
neutralising with lime and boding. Tlio qmro 
calcium salt then separates (Bredt, A. 226, 261 ; 
cf. Kachler, B. 7, 1728 ; A. 3 59, 286 ; 162, 26»; 
Kachler a. Spitzer, M. 6, 173). • 

Properties. — Crystalline aggregates of needles, 
V. e. sol. water, alcohol, and wet ether, si. sol. 
pure ether. Produces on distillation CO„ 100 - 


butyrio acid and the anhydride [136°] 

which forms trimetrio crystals, a\h'.c a *96:1: *82 ; 
sol. water, alcohol and ether. This anhydride 
forms with NH, the compound 
[0. 128°], V. sol. watejf. ^ 

Beaclions.—l. AcCf gives and then 

the aiihy dride^CisHjA [176°] ; crystals, insol. 
cold, alcohol and ether; reconverted into cam- 
phoronic acid by boiling allmlis. — 2. Br ^t 130° 
gives oxy-camphoronic .acid.— 3. P9tas1i-fusiof% 
fjives isobutyric acid.- 4. Aqiia-rcgia forms two 
acids — 6. KMnO, gives HOx\c and an 

acid CJI,,0, (Kacbkr, .1/. 6, 415).-6. ThejCa 
salt distilled wiih lime gives a ketone 

Salts. N n ,11,, A'" : [128 ^ j. — (NH l.HA'" ; 
[148°].~Kjro'" aq; CR.A", I2aq.^ BaUA'"aq : 
m.sol.water. — Ba , A'". : insol. water.— BajA"'2 6aq. 
— BajA'^olOaq. - ZnllA'" : v. e. sol. water, — 
CdHA'"Gaq. — I’b A ' 'o4!i(i. — Cu.,A'"./2aq. — • 
CulIA"'2 JI(I.-Cu 3A' V Ag,A"-— Ag.,llA'"aq. 

Mono-ethyl ether. 'The anhydride (302°) 
(or anhydrides liquid and solid [07°j, Iljelt, 
B. 13, 797) CylTiiEtO^ of this ether is formed 
together with alcohol by distilling the di-ethyl 
etlicr. 

Di-ethyl other EtJIA". From the acid, 
alcohol, ami TTCl. 

Tri-ctJnfl ether Et^A'". (302°). From 

AgjA'" and J'itl. Lifiuid, 

Chloride 0;H,,()C1. [131°]. Needles, si. 
Bol. water, sol. alcohol and otlu r. 

Mono-amic acid CJI,,(CONlI.J(C02lI)2. 

^inhydride C.,lI,,iNO,. [212°]. From liquid 
mono -ethyl camphoronate and alcoholic NH, 
(Iljelt, B. 13, 708).^ By the same treatment the 
solid ethyl camphoronate gives a compound 
C„ir,gN„04 (? di-amio acid) crystallising with 
HOEt. It melts at [145 '], and is converted by 
boiling IIClAq into cam])lioronic acid. 

Di-a in i c ac . d H , ,;N.,( ) , Le. 
C„lI,,(CONIJ.J.( . ■ [0. 160"]. From di- 

ethyl cami)!ioronato*and NIT., at^ 120° (H.), 
llClAq converts itinl»a compound CuH.jNO. 
[ 212 °]. 

Constitution.— Cixtniyhonnuc acid appears to 
contaAi 3 carboxyls: OJl,,(COJd)3, as shown 
by the salts and ethers. AcCl gives no acetyl 
derivative. The formation of an anhydride by 
distilling the ctlier does not prove it to be lao- 
tonic. Potasli-fusion produces iso-butyric acid, 
hence it contains ibOitropyl. Since it does not 
split off CO.j on di.stillatioii, the carboxyls must 
be atta-jbed to different c^arbon atoms. Hence 
it ib h *pr^yl-lrf-carbri Hylic acid, • 
CiI..((Tl).JI).CPr(CO.Jl).CH.,.OOoHor 
CH2(C0..1I).CITiCO.d f).Cl IPr.tiaH. 

Oxy - camphoroni. aeid C„Il,aOs. [c. 210°]. 
Formed by heating can. phoronic acid CbHj 40„ 
(1 mol.) with Dr (1 n.ol.) for two hours at 130° 
(Kachler, A. ir^, 296). Monoclinio crystals 
(containing a i), a:b:c -= 1*4918:1 :-9808 ; /8 = 86° 60'. 
According to /.ephaiovich (/. 1877, 641) they 
arc dimorphous. V. sol. water, alcohol, and 
i4jther ; may be distilled.* 

Salts . — KIIA"aq. crystals.— ]#.^A": gummy, 
— BaA" aq : pearly plates.— rb3(CuH908)a 2aq.— . 
Ag,A". 

Hydro-oxy-camphoronic acid v. Camphor. 

CAMPHOROXIM C,„H„NO i.e. 0,oH,8;N.OH. 
[115°]. (c. 250°). Formed by the actio^^ of 
hydroxy lamine on camphor (Nageli^B. 16, 498), 
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lioog needled. Smells like camphor and rotates 
on water. Sol. alocthol, eth^, acids and alkalis. 

Beactions,-^!* Hydroxylamine is not split off 
by heating with aqueous HOI even at 120®. — 2. 
By heating with acetyl chloride it loses H2O 
yielding the nitrile ofCcampholenio acid 0,„TI,jN 
(Goldschmidt a. Ztirrer, B. 17, 2009).— 0. Is re- 
duced in alcoholic solution hy metallic rhodium 
.CII2 

to Wirny^amino | . The oxim- 

\CH.NTL. 

anhydride is reduced to the isomeric cami)hyl- 
ainine (Leuchart a. Bach, B. 20, 111). 

• Hydrochloride Ojon„.NOTI,HCl : white 
powder, si. sol. water, v. sol. ale mioI and acids. 

Sodium salt. — C,JI,^N(0^a) : white pow- 
der, V. sol.«^’otVater and hot alcohol. 

Ethylether 0,„ll.,N(0Et) : (209®); mobile 
liquid. 

Anhydride C,on,5N; (217°), lic^iid; formed 
by heating carajihoroxim with acetyl chloride. 
Is the nitrile of Gampiiolenio acid (/y. v.) (Niigeli, 
H. 16, 2981). 

Isocamphor-oxim is the amide of Campiio- 
liBNlO ACID [q. V.). 

CAMPHO-TEllPENE v. Tkiipenes. 

CAMPHRENE v. PfionoNE. 

CAMPHRESIC ACID or CAMPHRETIC ACID 
80 called by Schwanort {A. 128, 77) has been 
shown by Kaclilor {A. 191, 1411) to be a mixture 
of camphoric and cauiphoronic acids. 

CAMPHYLAMINE CmH.gN possibly 
C8H,3(0H2NH.,):CH2 (195°). Prepared by adding 
metallic sodium to an alcoholic solution of 
campholenic nitrile (camphor-oxim-anh5'dridc). 
Colourless liquid. Volatile with steam. Ihuadily 
absorbs COo from the air and solidifies to a 
crystalline carbonate. Primary base. 

Balts. — B'JIXUd’tClj : glistening golden 
plates, nearly in sol. water. — D'HOlHgClj; 
colourless orthorhombic platQ^ ; sol. hot water. — 
B'OJI.p^l.aq: [10 P^], <ff»5urlcss orthorhombic 
glistening crystals, y. sc', hot water. — 
B'.2H2S04aq: long rhombic prisms, m sol. cold 
water. — B'^naCraO, ; orange-red plates. — The 
pier ate forms line yellow needles, [19(J'-104°J. 

Bejizoyl derivative CjJIjgNBz : [77°J, 
colourless prisms (Goldschmidt a. Schulhof, B, 
18,3297; 19,708; 20,483). 

Isomeride v. Bounylamine. 

CAMPHYL-PHENYL-THIO-UREA 
BC(NHCA)(NHC.„U„). [118°J. Formed by 
combination of phenyl-thiocarbimido and cam- 
ph^lamine. Short colour’ -‘ss pijisiikj. V. sol. 
alcohol and benzene, si. sol. ether;- v. sol. ligroin 
(Goldschmidt a. Schulhof, B. 19, 712). 

CAMPHYL - DI - THIO - CARBAMIC ACID 
C,oH„.NH.CS.SH. The c a in p h y 1 a m in e 

formed by 

mixing camphylainine with CS^. VVhite 
powder, [110°-11C^], sol. benzene. The sodium 
salt OioHjj.NH.CB.SNa forms white glistening 
plates, sol. cold, decomposed by hot, water 
(Goldschmidt, B, 19, '‘12). 

CANADA BALSAM, Exudes from incisions 
in the bark of Abies balsamca. Transparent 
thick liquid with refractive index (1*632) nearly 
the same as that of crown glass. Dextro- 
rotatory. Steam-distillation separates a laavo- 
rqtatory terpene (167°), wliich forms a crystal- 
7^ Ubc coi^pound with HCl (Donastre, J. Plu 


8, (172 ; Oaillot, /. Ph. 16, 486 ; Witzcn, Disicr* 
Helsingfors, 1849). % 

OAHABOL. A term applied ^y VoU (D. P. /• 
172, 319) to that ^rtion of the volatile hydro- 
carbons of Cant^ian and Pennsylvanian petro- 
leum which boils at 60® and has a S.G. *65 to 
*70. It is also called petroleum-ether or ligroiCn. 
It consists chiefly of w-hexane. 

CANANOA OIL. Alan-gilan, From Can- 
anqa odorata. Nc(3itiul oil (170°-290°). It con- 
tains benzoyl and acetyl derivatives, a compound 
tliat unites with NaHSO.,, and probably a phenol 
(Eliickiger, Ph. [3] 11, 9^). 

CANARlDIa.^ The fixed oil of Canarium 
commune contains 61 p.c. olein and 49 p.o. 
stearin and myristin (Oudemans, J.pr. 99, 407). 

CANAUBA WAX v. CaunaubV w\*x. 

CANE SUOAR v. Sugar. « 

CANNABIS INDICA. Indian hemp when 
distilled with steam yields an essential oU 
G.A, (257®); V.D. 7*1 ; S.G. g *93; [a]p- 
- 10-81 at 25*6" (in chloroform). The oil resini. 
fies on exposure (Valenta, G. 10, 479 ; 11, 196 ; 
V- Martins, C. G. 1856, 225 ; Personno, J. Ph. [3] 
31, 40). HNO3 (S.G. 1*32 to 1*42) acting on the 
resinous extract of Indian hemp forms *oxy- 
cannahene * (Bolas a. Francis, G. J, 

22, 417; G. N. 24, 77). This separates from 
methylated spirit in flat yellow prisms [176°], 
insol. water, si. sol. alcohol. Indian hemp, and its 
alcoholic extract, contain a poisonous resin (T. 
a. H. Smith, Ph. 6, 127, 171 ; Martins). * Hay 
(Ph. [3] 13, 998) has extracted a crystalline 
' alkaloid ‘ tctano-cannabine * which produces 
tetanus in frogs. The fixed oil from hemp-seed 
{Gannabis sativa) itf probably a fatty oil, though 
Lefort {G. B. 35, 734) gives it the formula 
and describes CijHsoGljOa and 
GjiHooBr^O^ uj products of substitution. 

CANNON-METAL v. Goppbr, alloys of, 

CANTHATB^ZAE 0«H,2 i.e. OJIb(CH ,)2 [1:2]. 
(134°). 0‘^ylcne-di-hyd7‘ide. 

Formation. — 1. By heating canthario acid 
witlV fused KOH. — 2. By heating canthario acid 
or cantharidin with water at 300°, GO^ being 
split off.— 3. In a pure state by boiling with 
cone, aqueous KOH, the product GjoHisOsI,, 
obtained together with canthario acid by the 
action of HI upon cantharldine (Piccard, B. 12, 
677 ; 19, 1104). 

Properties.— Liquid, smelling like turpentine 
and camphor. Absorbs oxygen with avidity. 
Dilute HN63 oxidises it to o-toluio and phthalio 

CANTHARIC ACID OjoHi^O^ i.e. 
(G,H„0)C0.G02H. [278° cor.]. S. 86 at 16®; 
8*5 at rv)0°. Prepared by heating 1 pt. of can- 
tharidine with 4 pts. of III (1*96 S.G.) for 2,^ 
hours Pt 100°. Trimetric cry8tal8\from water) ; 
V. e. sol. alcohol, v. si. sol. ether. Distilled with 
lime it gives oantharene, a little xylene, butyric 
acid, and di-mf,thyl-benzoio acid. It is an 
o-ketonic acid, for on heating with di-methyl- 
aniline and ZnGl_ it evolves CO, and yields a 
coj^densation product OjsHjjONj; the latter is 
converted intC a green colouring-matter bpr 
j^l^InOg, into a violet colouring-matter by chloranil 
^or arsenic acid. — A'Ag ; white pp. — KA' : slender 
neeales. — Pb A'j aaq. 

Methyl ether (210®-220®) at W 

mm.; colourless liquid. 
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Xiht/l (o. SOO”). 

Oieint 0,JK„0,(N0H) : [ITS'-ISO®] ; 

ooloarlesfl fonr-sided plates •(Piooard, B. 10, 
1504; 11,2121; Homolka, B.*19, 1086). 

OAKTHARIDIO ACID 0,oH,,0, i.e. 
(OgHj^OACO.COsH. The aUcaline salts are 
formed oy heating cantharidlii with aqueous 
alkalis. When a cold soktipn of the salts is 
treated with aoids, the iroe cantharidic acid 
appears to be formed, but on warming the 
solution it loses HgO and cantharidin is pre- 
cipitated. With hydi'oxylami»8 it gives an 
oxintt from the salts of which acids liberate 
the oxim of oantharidine. — Ag-^A" aq. — Ag. A" 2aq. 
(NH4)2A'^aq. -K^A" aq. — Cd A" aq. — 2aq. 

Di-meihyl ether [91°]; large Oat 

glistening prisms; sol. alcohol, ether, and hot 
water, si. sol. cold water (Iloinolka, B. 19, 1082 ; 
Dragendorff a. Masing, Z, 1807, 464; Masing, 
/. 1872,841). 

CAKTHABIDIN 0,„H,o04. Lactone of can^ 
tharidic acid, [218° gor.]. S. *02 at 15°; *29' 
at 100°; S. (alcohol) 2-1 at 78° ; -13 at 15°; S. 
(benzene) 3*38 at 80° . *51 at 15° (Uennard) ; 

S. (ether) *11 at 18°; S. (CS,) *00 at 18°; S. 
(CHClg) 1*2 at 18° (BluLm). 

Occurrence, — In Spanish flies {Lylta ven- 
catoria) and many other insects (Thierry, A, 15, 
815; L Ph, 21,44; Robiquet, A. Ch, 70, 302; 
Gossmann, A. 86, 317 ; Pocklington, Ph. [3] 3, 
681 ; Regnault, A, Ch. [2] 08, 159 ; Warner, 
Am, J, Ph, 28, 193 ; Ferrer, J. 1800, 597 ; 
Mortreux, J, Ph. [3] 46, 33 ; Fumouze, J. Ph, 
[4] 6, 161; Bluhni, Z. [2] J, 675; Dragendorll, 
Z. [2] 3, 187, 464 ; 4, 308 ; Itonnard, C. C. 
1872, 668; Wolff, Ar. Ph. [3J 10, 22 ; Piccard, 
B. 10, 1604). » 

Preparation. — 1. Powdered cantharides are 
extracted with chloroform or etitlir. the solvent 
is evapcr’*,tod and the residue freeu- Iroiii fat 
by washing with CSj. — 2. Cantharido.s are 
mixed with water and MgO, dried, treated with 
dilute H2SO4 and then shaken with ether. 

Properties. — Trimetric plates. Blisters the 
skin. Sublimes readily at 85° (Blyth). 

Reactions. — 1. HI forms cantharic acid. — 
2. By distillation with P^Sj it gives o-xylone 
(Piccard, B. 12, 680). —3. By heating with 
alkalis it is converted into salts of cantharidic 
acid 0 i#H| 4O5, from whose hot solutions cantha- 
ridin is re-precipitated on the additi6!i of acids. 

Oxim C,„H,A(N0H); [100°]; splendid 
long glistening prisms; v. e. sol. alcohol and 
ether, ▼. sol. hot water, si. sol. cold. By cone. 
IICl at 160° it is split up into its ci/jisti|^ft- 
ents. — C,oH,.^03(NOAg) : four-sided prisms.— 
0 ,oH, 20,(N01^) : [134°] ; large colourless pirisms ; 

T. e. sol. alcohol and ether, v. sol. hot, si. sol. 
cold, water (Homolka, B. 19, 1082). 

Compound OjoHuOJj. ^Canfharidin iodide' 
is formed as a by-product (5-8 p.c.) in the 
preparation of cantharic acid^by the action of 
HI (1*96 S.G.) upon cantharidin at 85°. Crj»i- 
talline solid. V.sol. benzene and chloroform, si. 
sol. alcohol, insol. water. On boiling with cone. 
KOH it is converted into pure canthar^ne 
(o-xylenc-di-hydride) 04H^(OH3)2 (Piccard; B, 19, 
1404). 

CAOUTCHOITG. India rubber. This sub- 
stauos is obtained from the milky sap of 


various trees belonging to several natural orders. 
The sap, which is obtained by making an in- 
cision in the bark of the tree, is a white creamy 
liquid with a sp. gr. 1*012... * 

The caoutchouc exists I n the sap in the form 
of minufe globules, ’^nd is consolidated in various 
ways, cjien by heating over a smoky fire which 
produces the brown colour of the commercial 
article. • ^ 

•Caoutchouc is colourless when pure, it is 
a bad conductor of heat and a non-conductor of 
electricity. S.G. about *925. At ordinary tem-^ 
peratures it soft, flexible, and very elastic, 
but at about 10’ it begins to lo.so its elasticity, 
and at 0° bccomOhard amf rigid. When heated 
it loses it^ elasticity and bocomos soft, slowly 
resuming its original properties w'hen cooled ; if 
heated to 150°-200° it mells, and after this it 
remains somf-liquid and sticky on cooling. It 
burns readily with a smoky flame, leaving little 
or no ash. 

Exposure to air in the absence of light pro- 
duces little effect on caoutchouc, but light and 
air together causo it to lose its elasticity and 
become glutinous, duo to the absorption of 
oxygen (Spiller, G. J. 18, 44 ; Miller, ibid, p, 
273). 

Caoutchouc is insoluble in water, but when 
immersod in it becomes whit*; and increases in 
bulk, absorbing about 25 p.c. of it.s weight of 
water, which is given up again on exposure to 
air. i.lcohol acts npjii it in a similar way. 

Dilute acids do not affect it, but it is attacked 
by strong nitric or ^ulphnrio acid. Chlorine 
renders it haru and brittle. Alkalis' produce 
little effect. 

Ether, benzene, mineral oil, sulphide of 
carbon, chloroform, oil of turpemtino, oil of 
caoutchouc, and many essential and fi .od oils, 
act upon cac'itch )iUv, 'wnsing it to swell greatly 
and become gelatinous a^d soft. The^ction of 
these soh'ents app^nirs ^o bo to dissolve on^ 
constituent part of the caoutchouc, leaving the 
less soluble i)art in a disintegrated condition. 

Acci'lUing to Payon, sulphide of carbon with 
about 5 p.c. of absolute alcohol is the best 
solvent. 

Caoutchouc is composed of carbon and hy- 
drogen. The proportions vary in different 
analyses C. SOT — 90-0 | .c. ; TI. 10 — 12*8 p.c. It 
ujjpears to consist chiefly of two hydrocarbons, 
which can partly separaLod by the prolonged 
action of a sol^mt, bTit the proportion of th^sa 
constituents obtained varies accordii^ to the 
solvent employed. The more solnble part is 
soft and ductile, while tho less soluble is tena- 
cious and elastic. » 

When caouiehouc subjected to dry dis- 
tillation an oil ccsisisting of a mixture of 
various hydro javbons is obtained. This ii 
called oil of caoulchouc. 

, Among tho const ituenb^ of this oil are iso* 
p]«ue 0,11, (37°-38°) S.*. *082 ; caoutchene 
(171°) S.G. -Hl^^.'and heve^no (316°) 
S.G. -921 (Hiinly, A. Ch. 27, 41; Gregory, ibid, 
10, 01; G. Williams, Pr. 10, 517; Bouchardat* 
J. Ph. 1837, 454 ; Bl. 24, 108 ; C. R. 89, 361). 

When isoprene is acted on by strong hydrio 
chloride a mixture of the mono- and di- hydr^ 
chlorides, together with a solid sul^stance, ia 
obtained. This latter is identical in its propcf* 
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tiea with oaoutohono (Bouchardat, 0. B. 89, 
1117). 

Vulcanised caoutchouc. — When caoutchouc 
is heated to about in contact with sulphur, 
it absorbs some of the vatter and becomes vul- 
canised. The introduction oJf»the sulphdr can 
be attained in many ways, immersion (in a 
mixtu^ of carbon ^disulphide and chloriue of 
■ulphur, of in a solution of polysulphide of 
calcium, &c. 

About 2 p.c. of sulphur appears to enter 
ii\to combination with the caoutchouc. If more 
than this quantity is introduce^ the excess 
remains mixed with the rubber and can be 
dissolved out by Uie ordfnary solv<|*it3 of sulphur, 
while the cijmbmed sulphur cannot be so ex- 
tracted. An excess of sulphur renders the 
caoutchouc less durable. Vulcanised caoutchouc 
does not lose its elasticity at a low temperature 
and does not soften so easily with heat as ordi- 
nary rubber. It is less atTccted by solvents than 
pure caoutchouc. 

The ordinary vulcanised rubber, besides con- 
taining an excess of sulphur, is often adulterated 
with 40-G0 p.c. of mineral matter. 

Ebonite. — When caoutchouc is heated with 
half its weight of sulphur, with or without the 
addition of some mineral matter, a hard dark sub- 
stance which can bo i)olishcd is obtained. This 
is much used for insulating purposes, but accord- 
ing to Wright {At7i. S. [3] 4, 29) it becomes 
hygroscopic when exposed to the action of oj'ouo 
owing to the formation of II.SO,. Eboniteis little 
affected by the solvents of caoutchouc. 

C. J. W. 

CAPILLABITY v. Puvsioal methods. Sect. 

MISOKLLAKEOUS. 

CAFBAMIBE the Amide of Decoic acid {q, v.). 
The name has also been applied to the amides 
of OcTOio ACID {q.v.) and JijiwHc act.) {q,v.), 

CAFBi^MIBOXIM V . IIexashdoxim. 

, CAFRIC ACIB V . De^-hc acId. 

CAFRIO ALBEHYBE v. Drcoic aldehyde. 

CAFRILAMIBE v. Amide of Octoic aoxd. 

CAPRILIC ACIB V . Octoic acid. i 

CAPRILONE V . Di -he PT YTi-KETONE . 

CAFRILONITRIIE v. Nib He of Octoic acid. 

CAFRINONE v. Di-ennyl-ketone. 

CAPRO-AMIBE v. Amide of Hexoio acid. 

CAFRO-ANILIBE v. Anilide of Hexoic acid. 

CAFROIC ACIB v. Hexoic acid. 

CAFROIC ALBEHYBE v. Hexoic aldehyde. 

CAFRO-LACTONE v. Lefetone (Jay-hexoio 

ACID. 

CAPROJfE V . Di -AMYL-KETONE. 

CAPRONITRILE v. Nitrile of Hexoic acid. 

CAFROYL =1 Hexowl. 

CAFROYL AMIBE v.^Amide of Hexoic acid. 

CAFROYL CHLORIBE v. Chloride of Hexoic 

ACID. 

CAFRYL ALCOHOL v. Octyl alcohol. 

CAFRYL-AMIBE Afuide of Ootoio acid. 

CAPRYLAMINE -y.^OcTYLAMiNE. 

CAFRY]^ CHLORIBE v. Chloj'ide of Decoio 
ACID ; also Octyl ciiloiude. 

CAFRYL-BENZENE v. Octyl-benzene. 

CAFRYLENE v, Octylene. 

CAFRYLENE HYBRATE v. Octyl alcohol* 
^ CAFEYLIC ACIB v. Octoic acid. 

CAFRYLIG ALCOHOL v. Octyl alcohol. 

CAFRYLIC ALBEHYBE v. Ocioic aldehyde. 


OAFBYLIDENE v. Octtnbne.* 

Caprylidene tetrabromide v. ^ETRA-BBOiiO* 

OCTANE. * 

CAFRYLONE Vf.I)l.HEPTYL-KETONB. 

OAFRYLONITRILE v. Nitrile of Ootoio Acxb. 

OAFRYL-FHENYL-AMIKE v, p-Amido* 

PHENYL OCTANE, p. 178. 

CAPSAICIN 0,H,,0,. [69°]. • 

Preparation. — InM^dered cayenne popper 
{Capsicum fastigiatum) is extracted with ether, 
the extract is evaporated, dissolved in hot alco- 
holic KOH, diluted with water, ppd. by BaCl^, 
and the dried ^pp, treated with ether. On 
evaporating the extract, an oily red liquid re- 
mains, which is dissolved in dilute potash, and 
ppd. by addition of ammonium chlbVilJe. 

Properties. — Colourless prismatic crystals , 
insol. water, sol. alcohol. Begins to volatilise 
at 100°. Powerful irritant. The pungent taste 
is removed by heating with potassium bichro- 
mate and dilute sulphuric acid. BaClz and 
(J^aCh in alcoholic solution give a pp. sol. ether ; 
AgNOg a pp. sol. ammoni? ; FegCla a red pp. 
when warmed (Thresh, Ph. [3] 7, 21, 269, 473). 

CAFSICINE. All alkaloid which may be 
extracted by benzene from the fruit of Capsicum 
fastigiatum. The benzene is evaporated, and 
the residue dissolved in ether, from which the 
alkaloid is obtained by shaking with dilute 
JLSO4 (Thresh, Ph. [3] G, 911). Needles ; insol. 
water, v. sol. alcohol and ether ; may be sub- 
limed. Volatile with steam. It is not pun- 
gent. The hydrochloride crystallises in 
cubes and tetrahodra, the sulphate in prisms. 

CAFSULiESCIC ACIB C,gH,.,0„. An acid 
obtained from the husks of the liorso-chcstnut 
(Itochlcdor, /j. 1807, 83). Crystals; may bo 
sublimed. F^Clg turns its solution greenish- 
blue. 

CARAGJ^EA MOSS. Irish pearl moss. A 
gelatinous weed {Chondrns cris 2 )us)tf Swells 
up iijcpld water, almost entirely dissolves in hot 
water. by rb(OAc)g. Ajipcars to bo 

cliiofly composed of a carbohydrate, which is 
insol. Schwoizer’s solution, and not turned blue 
by IL^SO^ and I (Schmidt, A. 51, 6G; Fluckiger 
a. Obermaycr, N. li. P. 18G8, 350). Caragheen 
moss gives galactose when boiled with dilute 
11., SO, (Haedickc, Bauer, a. Tollens, A. 238, 
302). 

CARAJBRA. A red dye, probably identical 
with chica red. Insol. water, sol. alcohol and 
dilute alkalis, reppd. by acids (Virey, J, Ph. 
1811, 151). 

^CARAMEL. A black substance obtained by 
hca/.ing cane-sugar at c. 200°. It is said to be 
a mixture of caramelan caramelen 

and caramel in C,„H,„._j05p They all 
reduce Fcliling’s solution. Dilute 184 p.c.) alco- 
hol extracts caramelan, cold water then dissolves 
caramelen, lea viiVg caramelin. Caramelan is 
a colourless, brittle, tfcliquesccnt resin.-— 
C,,BaH„O,BaO.-A0,,rbH„OB--Oi2Pl^HieO,PbO. 
Ctvramelen is a mahogany-coloured solid. — 
Cs^BaOgv— C^suH^gPbOjv Oaramelin is a 
flittering black solid, sol. boiling water. — 

(G61iB, il. Ch. [3J 62, 362). Caramelan and 
caramelen are crystalloids, oaramelin is a 
colloid. The formulie and purity of these 
bodies are, of course, very doubtful ; other 
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dbsemrs have arrived at somewhat different 
results, indeed the nature of the resulting pro- 
ducts depends %pon the temperature used in 
preparing them (P61igot, -4* Gh. [2] 67, 172 ; 
Vdlokel, A. 85, 69 ; Maumen^, G. E. 30, 422 ; 
Graham, G. J. 15, 268 ; Thomson a. Sherlock, 
0. N. 25, 242, 282). 

CAEA^AY OIL. Oil of caraway contains 
a terpene {q. v.) 0,oH,o id^t^al with citrenc, and 
carvol (?. V.) C,uHnO. * 

CAEB-ACEXO-ACETIC ETHEE is mesitene- 
lactone carboxylic acidj p. 20. 

CAEBACETOXYLIC ACID Cjil.O,. A syrupy 
acid, said to bo formed by the action of moist 
AgjO on i3-chloro-propionic acid and on aa-di- 
ohloro-prop ionic ether, lleduced by sodium- 
amalgam to^lycerio acid, and by Til to pyru- 
vic acid (W^olielliaus, A. 1-13, 7; Ml, 351; 
Klimenko, JB. 3, 468 ; 5. 477 ; 7, 1 106 ; c/. 
Beckurts a. Otto, B. 10, 2039). 

TEI-CAEBALLYLIC ACID C,1I,0„ Le. \ 
COjjH.CH(OIL,.CO,II),. s-Projjane tri- car boxy lie 
acid. Mol. w. 176. J^158^]. S. 40*5 at 11’^. 

Formation. — 1. In the preparation of su"ar 
from beet-root (Lippirann, B. 1 1, 707 ; 12, 1619; 
Weyer, G. J. 38, 864). — 2. By the saponilication 
of its nitrile which is prepared by the action of 
KCy on s-tri-bromo- propane in alcohol (M. 
Simpson, Fr. 12, 236; 14, 77 ; G. J. 18, 331).- - 
3. By reducing aconitio acid or its ether with 
Bodrum-amalgam (Dcssaignea, G. B. 55, 510 ; 
Wichelhaus, A. 132, 61; Hlasiwctz, Z. 1861, 
734). —4. By the action of potash on the product 
of the action of KCy on /3-cliloro-isocrotonic 
ether (obtained from aceto-acetic ether and 
PCI,) (Claus a. Lischko, /?. 14, 1089).-5. In 
the same way from a-cliloro-crotonic ether or 
from di - chloro - iiropylenc ( .pMichlorliydrin) 
(Claus, B. 6, 858; 9, 223; ^.^70, 131; 191, 
63). — 6. Appears to bo foriflfc.! by tho action 
of HC^ and KCIO3 on gallic acid ("^-jlircdcr, .4. 
177, 292).— 7. Acctyi-succinic ether is con- 
verted by Na into acctyl-tri-carballyho .dher 
CH,CO.C(Cn2.CO..Kt),.C()oEt whence alcoholic 
KOH or baryta- water produce tri-carballylic acid 
(Miehle, A. 190, 322).— 8. By the oxidation of 
di-allyl-acetic acid by dilute HNO., (Wolff, A. 
201, 63).-— 9. By boiling citraconio acid with zinc 
and HCl (Behrmann a. Hofmann, B. 17, 
2692).— 10. From propane tetra-carboxylic acid 
{COiU.CU.,).,C{CO.,H).i by heat (BischolT, A. 214, 
60). 

Properties, — Hard short trimetric prisms 
(from water) ; v. sol. water and alcohcd, si. sol. 
ether. The ammonium salt gives witli BaCl. 
or CaClj no pp., even on adding Nil;,. #-b{OAc)3 
gives a white pp. Fe.,.Cl„ gives a nal p]). • 

Salts.*— NajiA'" 2aq(?) — Ki l,,A''^ — 
Ca3A"'2 4aq.— BaHA".— BasA'''^ Ca.i.-Pb^A'".,— 
Cu3A'"*.-Ag,A". 

Tri-ethyl ether ^c. 300 ’). 

Tri-tsoamj/Z e^/icr(Cr,II,,)3A'"(abovc3r)0'’). 

CAEBAMIC ACID CH.,N02 i.e. M1,.C(),11. 
Amido-fonnic acid. Amide of carbonic acid. 
Not known in the free state. TAe a m m o n Pu m 
salt is formed by the union of dry or moist 
CO- (1 vol.) with gaseous NHg ^2 vols.) (J. Davf, 
N. Ed. P, J. 16, 346 ; Rose, P. 46, 352 ; A. 30, 
47). Formed also by sublimation of neutral 
ammonium carbonate, and therefore occurs in 
commercial ammonium carbonate. Formed also 


by oxidising glyoocoll, leucine, tyrosine, and 
albumen, with alkaline EMn04 (Dreohsel, J jpr. 
[2] 12, 417; cf. Hofmeister, /. pr. [2] 14, 173). 
It may be conveniently prepared by digesting 
commercial ammonium carbonate with saturated 
aqueous NII3 for 30 or,' 40 hours at 20°-26® 
(Divers, G. J. 23, 215; cf. Kolbe a. Basaroff, 
G. J. Jl, 194). 

Reactiona.—X. Acids deco.mposo oarbf^atea 
with formation of CO.^ and NII3. — S. Boiling 
ufitcr converts carbamates into carbonates. — 
3. Strongly heatuig ooiiverts the Na salt into 
sodium cyanate and H.^O (Drechsel, *7.pr. [2] 16, 
199). 

Salts. — The carbamates arc soluble in water 
(difference fro.a most carbonates). — NHA^ (v. 
supra). Heliiiuoscent plates. Its aqueous solu- 
tion quickly changes to carbojiato, but it is stable 
in prcscnco of excess of Nil, iti tho cold. At 60® 
it is complAely split up into CO.^ and NH,, (Nau- 
maun, A. 160, 1 ; B. 18, 1167 ; Horstmann, A. 
187, 48 ; Erckmann, B. 18, 1154). In a sealed 
tube at 110^^ it forms urea.— NaA'oraq : formed 
by adding NaOEt to an alcoholic solution of the 
ammonium salt ; prisms. — KA' : deliquescent. 
— CaA'2 aq : ppd. by adding lime and alcohol to 
a solution of NII4A' at 0® ; crystalline powder, 
sol. water, the solution quickly deposits CaCO,. 
When strongly heated it leaves calcium cyan- 
amide. — SrA',^. — Ba A'... 

Ghloride OC(NlL)Cl. [c. 50^" J. (62°). Pre- 
pared by passing a stream of dry COCI2 into 
NH/Cl heated to about 400°. Long broad 
needles, strong odour. On keeping it slowly 
changes into cyamo^do with evolution of HOI. 
By water it is decomposed into NH,CI and CO*. 
On vaporisation it probably dissociates into 
cyanic acid and HCl, which again recombine 
on cooling. By OaO it is converted into oyanio 
acid. With aromatic hydrocarbons in presenci 
of AljClfl gi'.eTi amides of aromatic acidi 
(Gattermann a. Schmifit, B. 20, 858)* 

Carbamic ethers. Srcthancs. « 

Preparation. — 1. From ohloro-formio ethers 
and Nlij. — 2. From cyanic acid and alcohols. — 
3. Froffi cyanogen chloride and alcohols. — 4. By 
heating .alcohols with urea nitrate. 

Projtertics. — Solid substances, si. sol. water, 
V. sol. alcohol and ether; may be distilled. 

Reactions. — 1. Heating with NIL, gives urea. 
2. PjOj gives cyanates. - 3. Alcoholio KOII acts 
T.pon carbamic ethers of tlio fatty series accord- 
ing V) iho c(i nation: N /I.,.C0.2G„IL„+, •+■ KOH 
= KK.CO + (;.H2„„un-! IL,0 (Arth, Bl. [2^45, 
702 ; A. Gh. [6] 8, 428). Bornyl lyid menthyl 
carbarn aies act similarly. 

Methyl ether MeA'. [52°]. (177®). S. 

217 at ll(v^ ; S. (alcohol) 73 at 15° (Echevarria, 
A. 79, 110). 

Ethyl ethersVAM. Urethane. Mol, w. 89. 
[c. 50°]. (0. 182°). Formed by tho above 

methods (Dumas, A. Gh, [2] 54, 233; A, 10, 
•284; Liebig a. Wohler. .^1. 64, 370; 58, 260; 
nVurtz, A. 79, 286; G.ii. 22, 603; Bunte, Z. 
[2] 6, 96; A. 161, I81). Also fiom carbonic 
ether and NIIj (Cahours, G. R, 21, 629 ; A, 66, 
266). 

PcacZioJis.— Alcoholic potash, at the ordinary 
temperature, gives large crystals of potassium 
cyanate. In this case NH^.CO.^K is not forgfied 
as an intermediate product. A ^lution of 
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brethane in absolute ether, treated with K 
or Na gives the derivatives KKH.002Et, and 
NaNH.CO^Et. Of these, the Ka derivative is 
suiliciontly stable for analysis. It is v. sol. abso- 
lute alcohol, insol. alwolute ether. With alco- 
holic potash oontainiiV; water K^O| is oj)tained. 
The body HgN.CO.OEt is cfotained by mixing 
alcoholic solutions of urethane, HgCl^, an<f- KHO 
(Mulder, Ji.T.afi, 170). 

Acetjrl derivative NHAc.CO.^Et. [78°j 
(CJonrad a. Salomon, J,pr. [2j 10, 26). ' 

Ghloro -ethyl ether H,N.C0,.C,H,C1. 
[76°]. From NHg and tlie chloro-ethyl ether 
of chloroformic acid. Prisms. V. ?ol. water, alco- 
hol and ether (Nemiiwsky, J. pr. [2J 31, 174). 

n-Provyl^herVtk!. [SSPf']. (105°) (Ca- 
hours, *7.187^ ‘ 7 18 ; Koemer, J5. C, 1102). 
Long prisms. 

Isoh^itiil ether [55°]. (207°) 

(Mylius, B. 5, 973 ; Humann, A.Ch. [3] 44, 
840 ; A. 95, 372). 

Isoamyl ether Cjr„A'. [60°]. (220°) 
(Mcdlock, A. 71, 100; Wiu tz, J. Pli. [3] 20, 22). 
Needles. 

Octyl ether CJI„A'. [55°]. (135°) at 25 
mm. ; (231°) at 760 mm. On distillation it is 
partially converted into cyanuric acid (Aith, 
a B. 102, 977). 

Bornyl carbamate v. p. 523. 

Menthyl carbamate v. Menthol. 

CARBAMIDE v. Ubea. 

CARBAMIDO- v. Uramido-. 

CARBAMINES. Carhylamincs. Iso-ni^iles. 
Compounds of the formula ll.N:0. 

Formation. — 1. By distilling primary mon- 
amines with chloroform and alcoholic potash : 

RNII, + CHOla + 3KOH = 3KC1 + UNO + 3H..0 
(Hofmann, A. 144, 114; 140, 107). — 2. By 
treating an alkyl iodide (1 mol.) with silver cyan- 
ide (2 mols.) a double salt KNOAgCy is formed ; 
on distilling this compodiuMfith cone. a(iiieou3 
KCy ther^ is formed KCyA^Cy and the carb- 
opiine passes over (GaiJtier,’ A. 146, 119 ; 119, 
29, 166 ; 161, 239). HgCyj and ZnCy.^ may also 
be used in preparing carbamines (Calmels, Bl, 
[2] 48, 82). — 3. In small quantity in preparing 
nitriles by distilling ijotassium alkyl sulphates 
with potassium cyanide.— 4. By distilling the 
compounds of thio-carbimides with tri-cthyl- 
phosphine (Hofmann, B. 3, 760 ; Z. 7, 29). 

Properto.— -Volatile stinking poisonous oils. 

Reactions* — 1 , Alkalis have no action.— 2. 
Mineral acids instantly convert t^em into 
alkyiamines and formic acid: ]XN0 + 2H.0 = 
BNH, + H.<20.H. Water at 180° acts similarly. 
8. Dry HCl forms a compound, quickly decom- 
posed by water as in 2.-4. Organic acids form 
alkyhformaraides. — 6.*EtI forms a compound 
(difference from nitrile^).— 6. HgO oxidises 
them to alkyl cyanates B.W:CO, alkyl- form- 
amides being also formed (Gautier, A. 149, 
811). 

CARBAMINE-CYAMIDE or CARBAMINE-. 

OTAKAMIDE so called ^s described as 
LZ-OTANio AOf J. Its derivatives are described as 
Ethyl-oabdimido-ueei, Cabbimiso-ethyl-ubea, 

& 0 . 

CARBANIL V. Phenyl otanatb. 

CARBANILIO ACID v. Phenyl - cabbauio 
MIC. 

CARBAKILIDS v. i-Di-phenyl-obea. 


CARBAKXtIDO- p, pBBNYL-UBAinnd*. 
CABBAZOtE 0,AN i.et 

Mol. w. 167. pa's®]. (352® oot.). V.b. 6-86 

(calo. 685). S. (riioohol ■92 at 14® ; 8'88 at 78®. 

5. (toluene) *65 at 16’6 ; 6*46 at 100° (Beobi, 3* 
12, 1978). 

Occurrence. — Among the product® of the dis- 
tillation of coal t^ ; ^ence it occurs in crude 
anthracene (Graebo a. Glaser, B. 6, 12, 876 ; A, 
163,313; 167,125; 174,180; 202,21; Zeidler, 
A. 191, 297). 

Foimation.-* ~1. Bypassing vapour of aniline 
or diphonylamine through a red-hot tube. — 
2. From imido - di - phenyl sulphide (thio-di- 

phonyl-amine) by boiling with 

freshly reduced copper for 2 or 3 hours; the 
yield is about 60 p.c. (Goske, B. 20, 233). 

Properticj . — White lamintc or tables. Easily 
sublimes. A solution in cone. H.^804 is turned 
green by HNOg. IMay be distilled over red-hot 
cine-dust without change., Although an imide, 
it forms a compound with picric acid and its 
acetyl derivative is obtaiivcd with dilliculty. 

Reactions. — 1. It is not aiTocted by cono. 
HClAq or alcoholic KOH even at 300°. Cold 
cone. IT.^SO.i dissolves it without change, but at 
100° a di-sulphonic acid results. — 2. HNO, 
forms nitro- compounds.— 3. Sodium-amalgam 
does not reduce it in alcoholic solution, bu{ HI 
and P at 210° reduce it to carbazoline 0,.H,.,N. — 
4. By exhaustive chlorination with SbOlj it 
yields per - chloro - di])lienyl or per - chloro- 
benzene according to* circumstances as yet un- 
determined (Merz a. Weith, B. 16, 2876). — 

6. By beating with oxalic acid the compound 


C„Hj,N,0 or 5E£O.C(C,n»<p Ij », is obtained. 

It forms minute #i'ystals which very readily yield 
blue BolufirVns (carbazolo blue) on jjj*- ■Ration 
(Suida, B. 12, 1403; Bamberger a. Muller, B. 
20, KXni). 

Potassium derivative CijH^NK, From 
carbazolo and KOJT at 230°. Pio-rio acid 
compound C,,H„N CJL(NO,);,OH. [182°]. 
From carbazole (1 pt.) and picric acid (IJ pts.) 
in toluene. Bed prisms ; v. si. sol. cold benz- 
ene or alcohol. Decomposed by a large quan- 
tity of alcohol, by water, and by alkalis. 

Nitrosamine C,.JIgN.IsO. [82°J. Nitrons 
acid in an atcoliolic solution of carbazole forms 
mono- and di-nitro-carbazole. If carbazole 


(3 g.) bo mixed with acetic acid [60 g. of S.G. 
1*04) and ether (60 g.) be poured in, on adding 
KNO^ tlAi nitrosamine is dissolved in the ether 
as fiist as it is formed, and crystallises out on 
evaporatiion. Long flat golden needles. Soluble 
in ether, CSo, chloroform, glacial acetic acid 
and benzene. It is decomposed if heated with 
alcohol mixed wif-h an acid, carbazole being 
regenerated. Alcoholic K(/iI turns it blood-red. 
Reducing % gents rf^generate carbazole. Cone. 
H-^SO^ gives a dark-green colour (Zeidler, A, 
19ir305). •« 

Acetyl derivative C,.iHgNAo. [69®]. 
(above 360°). From carbazole and Ac-O at 
260°. Slender needles (from water) ; v. w. sol. 
water, V. e. sol. alcohol. Erdmann’s solution 
does not turn it green. Its piorio acid compound 


is orange. 
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Be/ermcdi, BitOKO-, Chlobo-i NVebo-, 
MainTL', and Ethtl-, oabbjlzole. 

G4BBAZ0BE TETBASTDBIDE 0„H„N. 
ni20®]. {p, 328®). Forifled, together with 

hydrogen, oy heating oarbazOline hydrochloride 
at 800®. Crystallises from alcohol. V. e. sol. 
alcohol, insol. water. Does not combine with 
acids. B^duced by HI and P to carbazolinc. 
The picric acid con^aund 
0 ,*Hi 3 NCA(N 0 .J, 0 H fordls brown laminto. 

CABBAZOLE vCABBOKYLIC ACID 

0. aHaNO^ i.e, 0,2H3N.CO,H. [272"J. From 

potassium carbazole and OO.^ a4 270^. Micaceous 
scales or flattened prisms with faint blue fluor- 
escence : insol. water, si. sol. cold alcohol 
(Ciamician «. Silber, O. 12, 272). 

CABBAZOLINE Carbazole hexa- 

hydride. [92®]. (297°i.V.), V.D. 0-13 (5-09 calc.). 
Formed by heating carbazole (3 pis.) with (12 pts. 
of) HIAq (127®) and amorphous P (1 pt.) at 
220°. White needles (from alcohol) ; may be 
sublimed; volatile with steam; v. e. sol. alcohol 
and ether, v. si. sol. water. HI and 1* at 33£>® 
reduce it to dijjhen^l dec zlnjdridc Ci.JLo. Does 
not combine with picric acid. 

Salts. — B'HCl : v. e. sol. water. — B'lIBr; 
tables. — B'HI. 

Acetyl derivati'oe C, 2 H,,NAc. [98’]. 
Prom carbazoline and Ac^O at 110®. Needles 
(from alcohol). 

* CABBIOES. Compounds of carbon with one 
other more positive element, A carbide of iion 
FCjC probably exists in cold rolled steel ; other 
carbides of this metal are described, but their 
existence is doubtful, fciilver is said to form 
three carbides, Ag,C, Ag.^O, and AgO. Nickel 
takes up a small quantity of carbon when 
strongly heated with charcr.r l^but no definite 
compound has yet been prepared. We have 
very little definite inforinfUion regarding this 
ola/r:; of compounds {u. Iridium, Nicked, 

PALLADitM, Platinum, and Silver). M. M. P. M. 

CABBIMIDE V, Cyanic acid. 

CABBIMIDO-ALLYL-THIO-UKEA C^H^N.S 

1. <. SC<'^^|f*>C:NU or C,II,Nn.CS.N;C:NiI. : 

Allyl4hio-carbaminc-cy amide. Formed, as the 
crystalline sodium salt, by mixing allyl-thio- ‘ 
carbimide and sodium cyan amide. Decomposed 
by acids into its constituents (Wunderlich, B, 


19, 44^. 
CABB 


ACID is 


iBIMID . AMIDO - BENZQrVJ 
Guanido-di-bonzoic acid v. p. 157. 

CABBIMIDAMIDO-BENZOYL v, Oxy quin- | 
AZOLINE and p. 155. I 

CABBIMIDO-CYAN AMIDE v. Amit^o-dioyanio . 
ACID, p. 163. * I 

CABBHUDO-ETHYL-THIO-XTBEA^ C,II,N3S 

SC<^|[‘>C:Nn or EtHN.CS.N:C;NH. j 

ElhyUthio-carbaminc-cyami^e. Formed, as the j 
crystalline sodium* salt, by mixing ethyl-thio- ; 
carbimide and sodium cyanamide. OecompoBed*| 
by acids into its constituents (Wunderlich, 

19,448). • ’• 

CABBIMIDO-ETHYL-DBEA 0,H,N,0 i,e. 

00<^g>0;NH or EtHN.CO.N:C:NH. .EtltyU 

ca/rbamine-cya/rmde* Formed, as the crystalline 
sodium salt, by mixing ethyl cyanate and 
cyanamidsi Decomposed into its con- 


stituents by acids. Forms a green oxTstalUils 
copper compound (Wunderlich, B, 19, 448}« 
CABBIMlDO-HETHn-THIO-DBEA 

C.H.K.Si.«.SC<N^>C:NH or 

MeHN.CS.N:C:NII. Alylhyl4hio-carhamine-cy 
amidJt Formed, as Ihe'^crystalline sodium salt, 
by ixing methyl-thiocarbimide and sodium 
cyan^amidc. Decompost^d by acids iuto Us con- 
stituents (Wunderlich, B. l(f, 418). • 

• CAEBIMIDO-PHENYL-XHIO-UREA 

C,n,N 3 S i.e. or 

PhNH.CS.N^ekNII. Phenyl4Mo-carhamiM- 
cyamidc. Formed, as (lie crystalline sodium 
salt, by mlxifmr phonyl-tiiloearbimide and sodium 
cyanamide. l )ecoiiipos(;d b>'^icids into its con- 
stituents (Wunderlich, B. 19, 448). 

DI-CAKBIN-TETEA-CABBOXYLIC ACID V. 
Etuyleni-A'ktra-carboxyltc acid. 

CARBINOL. A name given by Kolbo to 
methyl alcohol, but used only in describing 
alcohols derived tlierefrom by displacement of 
hj'drogeii of its metliyl by one or more alkyls. 
Cf. Alcohols. 

CABBINYL. The corresponding term for 
the alcohol radicles of the alkyl-carbinols ; 
thus, Me.,C may be called tri-mcthyl-carbinyl. 
CABBO-ACETO-ACETIC ETHER v. p. 20. 
CARBO-ALLYL-PHENYL- AMIDE v. Phenyl- 

ALLYL-CYANAMIDE. 

CARBO-DI-BUTYL-DI-PHENYL-IMIDE V. 

Dl4pUTYL-l>I-l»lIENYL-CYANAMlDK. 

CARBO-ISO-BUTYRALDINE CJIbN^S* t.e. 
(NIL.)CS.S.N(C,H,V [91®]. From iso-butyraldo- 
hyde', CS.^, and aqueous Nil.,. Prisms, insol. 
water, sol. alcohol (Pfeiffer, B, 5, 701). 

CARBO-CAPRO-LACTONXC ACID v. Lactone 

of OxY-rROl*\’L-SUC(TNTC ACID. 

Di-carbo-capro-lactonio acid v. Lactone of 

OXY-PENTA .I.'! Ti I'^iJAllWOXYLIO ACID. 

riARBOOINCHOMERONIC ACID^is Pyridine 

TRI-CAi;ni>XYLIC ACID. • , 

CARBO-GLUrONIC ACID C,H„Oh. An 
amorphous acid wliose Nil, salt is obtained by 
trejitAg glucose or cano-siigar with aqueous 
HCN (Schutzenberger, BL [2J 36, ll4). 

CARBO-DI-GLYCOLLIC ETHER v. Glycollio 

ACID. 

CARBOHOMOPYRROLIC ACID v. Methyl- 

PYRRoD-CARROXYLIG 

CARBOHYDRATES. A term applied to com- 
jioui'ds which may be represejited by the formula 
Cxlil/Vy ^JiCTC X is 5, <5, or 12, and y is 6 or 
11, and to conipouncls derived from several such 
molecules by abstrn' lioii of wateV They are 
non-volatile solids, and the non - saccharine 
members of the giou;; may bo converted by 
boiling dilute ecids r.ito a sugar, usually glucose 
(dextrose). Tii<|^' contain hydroxyl. On oxida- 
tion they frc*p.) •nlly give rise to oxalic, raoemio, 
saccharic, and mucic acids. Most of them are 
optically active. Cellubise is insoluble in water; 
the gums dissolve, or a* least swoUTup, in wator« 
but are ppd. by alcohol. Sugars Are soluble in 
water, are not reppd. by alcohol, and have a 
sweet taste. Iodine turns starch blue, and 
affects cellulose in the same way after it has 
been treated with a deliydrating agent. The 
carbohydrates vary also in their behavior^ to- 
wards alkaline copper solutions, and as regards 
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fermentation bjr jreaet, J^ey are described' nama^t«mia(«: for a time it was eonfnsedwith 
the articles Aaibio Acn>, CellulosiI,' Dbxtbzn, molybdenoni'glanoe, but in 1799 Sohcele proved 
.{Itaroh, Suoab, etc. it to be closely relived to coal inilb composition. 

OABBOLIC ACID v. PnitNoiu It is only in somewMat recent times that approxi- 

CABBO-MESTL v. Mkthyl-oxindolb. mately pure graphite has been obtained. Char- 

CABBO-DI>NAFHT^in-IMID£ t;. Di-napb- coal is the commonest form of impure amorphous 
THYL-CYANAMiDB. ^ carbon ; this modification of carbon can be ob* 

CARBON GRODP OF EL EME NTS. — Cc^rbon -tained approximately pure only witl^. consider- 
and SiUcon. Of these elements, carbon occurs able difficulty. j 

in the free siate in the forms of diamond, graphite, After the earths! had been proved to be 

and amorphous carbon ; silicon is not known at metallic oxides in 1807, it was generally sup- 
such in nature, but combined with oxygen it is posed that the common earth-like body silica 
one of the most widely-distributed elements, would also be foend to contain oxygen and a 
Diamond was regarded by Newtoij as a com- metal. In 1823 Berzelius decoraiDOsed silica 
bustible body because of its great refractive power: and obtained the non-metal silicon, in the form 
in 1694 the Florentine^academicipns succeeded of a brown amorphous powder. A^ood many 
in burning small ^pieces of diamond ; and in the years Liter Dcville prepared crystaljised silicon 
early years of this century Davy proved it to in two forms,one more or less resembling diamond, 
be pure carbon. In early times graphite was and the other, graphite. The leading properties 
thought to be very similar to lead ;*iiencc the of the two elements are as follows : — 



Caubox. 

« 

SiLlCOX. 

Atomic weights 

1197 


28 


Many compounds of each clement have been gasified. Molecular weights unknown: 
(?) probably greater than Oj and Sv 


Melting-points Does not melt at any temperature 1,100°-1,300° (uncertain), 
hitherto attained. 

Specific gravities Diamond 3'6 ; graphite 2-25 ; amor- Graphitoidal 2*2-2*5 (doubtful). * 
(approximate) phous l‘5-i*9. 

Specific heats 0 46 (at about 1000°). 0 203 (at about 250°) 

The specific heat of either clement increases rapidly as temperature increases from -50° : the 
rate of this increase i3,ihowever, very small after about 500° for carbon and about 150° for 
silicon. The specific heats of diamond and graphite vary considerably at temperatures below 
about 600°, but from this point upwards the values are practically identical. 

Atomic w eight 

Spec. grav. 4-6 * 11 '2 

(approximate) * - 


• Heats of fofmaHon of various compounds (Tiiomson, Berthelot, &c.). 
Jlicnerally from amorphous Carbon or Silicon.) 


[M,H«] . . . 

21,750 

21,800 

[M,CD] . 

21,001 

167,000 (product liquid) 

CM.O^ . 

90,960 

219,200 

^,S*] . 

Change of amor- 

-26,000 

40,000 

phous M to crys- 
talline M 

8,000 

8,100 


Heats of neutralisation of aqueous solutions of CO^^nd SiO^ (Thomsen). 


n [CO^A^q, 


!fq, nNupilAq] 


diil.=9.l50 


[SiO'^Aq, n NaOHAq] 
3,240 
4,316 
4,730 

6,230 « 

6,410 


Silicic acid shows no constant neutralisation-point. The quantity of heat produced is a 
hyperbolic function of the quantity of soda added, and approaches a probable maximum of 
6,300 gram-units for one formula- weight of §i 02 {v. Sili^tes). 

Physical prtpperties hardest known substance; Adamanivnei very hard, scratches 

« crystallises in regular forms, octe- . glassit dark iron-grey colour, reddish 

hcdral predominating; bad con- by reflected light; crystallises in 

ductor of electricity; refractife in- forms derived from a rhombic octa- 

dex large (/ip = 2-430) ; lustre verj . hedron. 

marked; usually colourless and Gmplafoidaf: softer than adamantine 
transparent, but sometimes green, but scratches glass ; may be pul- 
brown, or yellow, verised ; metal-like lustre, leaden* 




Graphite I orystallisoa in hexagonal 
forms; good oonductor of elect 
tricity ; tough and dilficult to ptl- 
verise; grey, inctal-like appea> 

aftcA 

Amorj^iousx black powder;, very 
porous, absorbs large quantities of 
gases arjijl of many colouring mat- 
ters from solutions. 

Occurrence The three forms occur in nature, but 

Reparation neither graphite nor amorphous 
• pure ; constituent element of all 

animal and vegetable matter; car- 
bonates vqjy widely distributed; 
graphite prepared by dissolving 
amorplious in molten iron, or by 
decomposing by heat tl^ CN com- 
• pounds in the mother liquor of 
soda manufacture, d:c. : approxi- 
• mately pure amorphous, prepared 
by washing sugar-cliarcoalin acid, 
alkali, and water, and strongly 
heating' in chlorine; or by de- 
composing COjj by Na, dc. 

OhifnicalRopertics. Allotropy marked. Diamond heated 
by powerful battery in absence of 
oxygon gets grey-black and col<e- 
like but does not volatilise; heated 
in*air combustion begins at 1)50 
1000'^. Graphite not affected at 
any to nneraturo in absence of 
oxygon oxidised by repeated 
treal^cnt with KCIO, and IlNOa 
to graphitic acid CnH^O^ (or OJ, 
a yellow sol^, si. sol. -vater, act- 
ing towards alk'i.li^ie bases like a 
feeble acid. Amorphous burns 
easily in air ; combines with H at 
a very high temperature to for’M 
C.jHj; also combines directly \vilTi 
S to form CS.,, with O to form CO 
and CO.,, and under special con- 
ditions with N to formC.^N./, com- 
pounds with halogens formed in- 
directly ; combines directly with 
Ir, Fe, Ni, Td, Pt, Ag,and perhap.. 
some other mctala. Carbon a 
negative element ; docs not form 
salts by re[)lacing 11 of acids; CO.^ 
an anhydridcj ;%n agueous solution 
of CO.^ probably contains the di- 
basic acid ll.CJOg, salts of this 
acid well marktsl ; H,CS., proi)ared. 
Atom of C is tetravalent ; C atoms 
, tend^o coinbino with each other ; 
vast number of compounds pro- 
dudld by ajjdition of*othVr atoms 
to groins of 0 aton^. 


grey colour; ^;?y8talliaea in leaflets 
composed ot/)ctahedra ; good con- 
ductor of electricity. 

AniorpJiouH : brown powder; heated 
out of coutact with air to Ijigh^em- 
peraturo it cent raots and becomes 
crystalline ; bad conductor of elec- 
tricity; dissolves in molten A1 or 
Zn and crystallises out on cooling. 
• 

Ver^ widely di<;tribulod aa silicates 
ofTIa, .Mg, Fe, c. ; amorphous 
obtained by action of K on hot 
HiCl^, SiF„ orK.SiF^; graphitoidal 
#obtained by molting AlwithlCSiO, 
and cryolite, or by decomposing 
SiCl 4 at a higli temperature by Na; 
adamantine obtained by molting 
Zn with K^SiFj and Na. 


Allotropy marked. Amorphous Si 
burns easily in air to SiO./, graphi- 
toidal docs not oxidise when heated ; 
adamaiUine not evtni at a white 
h. it iif oxygen; adamantine Si 
oxidised at red lieat in C(.)j (giving 
CO + SiO.^), also by strongly heating 
with K.jCOg or Na^CO, (giving 
CO + Sid.^ + 0), but not changed by 
moltei^ h‘'ating with 

KNOg if l^nnp. at which that salt 
dccv*>n^)f)sejg is not reaelfcd. Amor- 
phous Si soluble in HPAq giving 
lFSiF,.A(i and hydrogen, also in 
Btrong hot potash ley giving 
K.,SiO,Aq and liydrogen ; adaman- 
tine Si insoluble in llFAq and hot 
alkali solutions. Hi docs not di- 
rectly coijjbine with II, Sill^ pro- 
duced by MCtion of JIClAq on com- 
pound of Hi and Mg ; combines 
with H at Ihgh temperature to form 
JJiS., ; <rvith O lo form SiO.^; wiyi Cl, 
•13r,'or I, to form Hid,, SiBr„ or 
Hil,; and with N at M»l>ite heat to 
form Hi.^.X.,; combines directly with 
Al, Cu/ Fe. Mg. Mn, Ni, Pt, and 
p-'iha]:)S some other metals. HiO^ 
an anbydrido ; probable existence 
of . Jveral silicic acids ; HiO(OH), 
pi'oliably prosont in solution ob- 
tained by neutralising K.^SiOgAq by 
IIClAq andidialysing; this solution 
very reai’ily gelatinises. Atom ot 
Si is tetravalent, andf to some ex- 
tent at least, atoms of Si tend to 
combine together and form groups 
which combine with other atoms, 
forming molecules similar to thoso 
of the organic compounds. • 
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Omeral formula md cluiracters of compounds, 
MO, MOs, MSj, (SiO unknown, ?GS'and 
OgSj) ; MO,!^ (neither known except (?) in 
aqueous solution, v. Gabbok and Silicon), GS,!!,; 

MH^; GgHj^^i, G„Gon, 

Ac., Ac., and a vast Mumber of derivutivea ; 
MX, (X«iCl, Br, I, or in case of Si also.= F), 
M,Xg(X = Cl, Br, or I where M = Si, X=>Ul or 
Br wIieretM«=G),'C2Cl„ C,Br„ Ac.; SiF«H,; 
CH3CI, CH^Clj, CHCI3, SiHCl,, Sillla, Ac. ; C,N.„ 
ONH and salts, ChN^FgH^ and salts, CaN^FeHa 
and salts, CjNaNOFeHa and salts, Ac., Ac. ; 
SijNs Ac. The compounds of C and Si exhibit 
considerable differences in their properties ; CO 
and CO. are gase.s, SiOjia averyf^xed solid; CS., 
is a liquid, SiSjj ap^olid ; CCl, is not acted on by 
water, SiCl, is at once decomposed into SiO., 
and HCl ; Si readily forms a fluoride and also a 
double fluoride with hydrogen, no collesponding 
compounds of C are known; CH, is a stable 
gas, SiH^ is oxidised by mere contact with air 
and is easily decomposed by heat (at 400 ') ; Si 
(amorphous) dissolves in potash evolving hydro- 
gen and forming a silicate, curhoii is unacted on 
by alkalis. Both elements form many com- 
pounds with H and 0 (alcohols, ethers, acids 
Ac.), the composition of which is similar, in 
some cases the properties of the Si compounds 
closely resemble those of 0 , e.g. C( 0 ,.U-).,H 
and Si(C2H,).,II, C(C,H,).,OH and\Si(C,H j, 01 I ; 
but in other cases the properties of the two 
classes of compounds differ much, c.g. CTlj.C(i).H 
and C2 Hj,,COoH are liquids soluble in water, 
but CHa.SiO^II and C^il^-SiOJl are amor- 
phous solids insoluble in water. Many sili- 
cates and carbonates are isomorphous. Sili- 
cates, except those of the alkali metals, are 
insoluble in water’, and most of them arc with 
difficulty decomposed by acids; the normal 
carbonates of the alkali metals are solu- 
ble in water, other normal carbonates are in- 
soluble; aqueous soluticws O'f tlcid carbonates 
are generally easily decomposed by heat yielding 
either normal or basic carbonates ; tlio noinial 
carbonates of the alkali metals are not dl com- 
posed by heat alone, other normal carbonates 
are decomposed into metallic oxide and COo. 

Group IV. of the elements, as the elements 
are classified by the application of the periodic 
law, contains the following : — 


Even^ 2 4 

C Ti 
Odd 3 *6 

Si Go 


Series 

6 8 *10 ♦ la 
Zr Co - ♦Th 

7 9 11 
Sn - rb 


The metals titanium* zijeonium, and germa- 
nium show considerable analogies with tin ; 
cerium and thorium are usually classed toge- 
ther among the rarer earth-metals, and lead is 
generally considered apart from other metals ; 
nevertheless* there are *well-markod analogies 
between all the elements ^hich comprise Group 
(V. of the pAriodic system. Titanium is an 
amorphous body closely resembling amorphous 
silicon; it forms the compounds TiF„ TiCI„ 
TiBr^Til,, Ti^Cle, TiO* (probably TiO(OH) and 
ri(Ofi)d, TijO,, TijN^, Ac. ; titanates are known 
(MgTbO,), many of them isomorphous with sili- 
satM and carbonates. Ti is more metallic than 


0 or Si, it forms a sulphate Ti(SOj),., and other 
salts wherein the hydrogen of a<Kas is replaced 
by titanium. Zircef^ium again Is more decidedly 
metallic tllan tittnium; it forms a series ot 
well-marked salts Zr(S04)2, ZrdNOj, Ac., Ac. 
On the other hand Zr resembles 0 and Si in 
that it has been obtained both as an amorphous 
powder, and also in crystals which rcfsemble Si 
in their behaviour foviards acids ; zirconatea 
(MoZrOg) are also Imown. Germanium forms 
oxides, chlorides, and sulphides, Ac. (GeX and 
GeXg, X = 0 == S = Cl.), resembling those of Sn ; 
it is, however, ihoro markedly non-metallio in 
its chemical functions than Sn ; physically 
Ge is decidedly metallic. Cerium^ forms two 
oxides Ce.O, and CoO. ; the formeAlTssolves in 
acids forming a series of salts of wlrlch 0628804 
is a type; CeO., is a peroxide, it dissolves in 
i HCl with evolution of Cl and formation of OeClj, 
but a sulphate Ce(SO,). is known corresponding 
to the sulphates of Ti and Zr. Ce also forms a 
fluoride CeF„ a double fluoride 3KF.2CeF4, and 
■ a'clilorido CcvCl,;. ThoriuKi again approaches 
more closely than cerium to Zr and Ti ; it is a 
dark-coloured amorphous powder resembling Si, 
but more soluble in acids than Si, Zr, or Ti ; it 
forms the compounds ThCl4, TI1F4, K^ThPe, 
ThO., Ac. ; the sulphate is ThfSOj)^, and other 
analogous salts are known. Tin forms the 
two oxides and chlorides SnO and SnO., SnCl* 
i and SiiOl^; the hydrates of SnO. arc feeble acids, 

! producing stannates (M.SnO;,) and metastan- 
natos (M.Sn^O,,), both of which are easily de- 
composed by dilute acids or by heat. Both 
the stannous sfilts e.^. SnSO,, and the stannic 
salts e.g. Sn( 80 ,)., are well-marked compounds. 
Lead is decid(‘dly niptallic in its character; it 
forms four o.xidl!S TbO, rb;,04, Pb.Pa, and PbO^; 
the last is a peroxide, and it may also be re- 
garded as an anhjflridc inasmuch as plumbates 
(M.PbO.,) but these salts are yi*PS 5 ^\in- 

sta'blo ai^i easily decomposed. The best-marked 
salts lead are derived from the oxide PbO, 
e.g. PbCl,,, Pb2N03, PbSO^, ; PbCl^ has not 
been obtained pure, but this series of salts is 
represented by the tetrametliide Pb{CH3)4 which 
is stable as a gas. The atoms of all the elements 
of Group IV., so far as evidence has been ob- 
tained, are tetravalent. Looking at the pro- 
perties of tlieso elements as a whole, it may ba 
said that carbon is to a considerable extent set 
apart from tliG others, but that it is more closely 
allied to silicon than to any other member of 
the group; that titanium and zirconium are 
closely related ; and that tin and lead, while 
sho\V*mg di-stinct analogies with the rest of the 
group, are yet each characterised by^properties 
wliich mw:k lliem off from the other elements. 
Not jnuch can yet be said regarding cerium and 
thorium ; they require further study. 

For more detaifa and descriptions of the 
various elements see the articles on these ele* 
rments; ala^v. TiiMfinn gkoup oj? elements; 
^also p, CaiibA.utes, Nitbates, Sulphates, Ac. 
In some of their physical properties carbon and 
si^con, especially the latter, resemble boron, but 
boron ^aust be classed with those elements the 
atoms of which are trivalent : v» Bobon. 

M. M. P. M. 

CABBON 0. At. w. 11-97. Mol. w. unknown! 
element has not been gasifl^d. S.G. diamond 
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8-614 (SchrOttor, Siiz. W. C3, (2nd pt.) 462), 
^ 8*618 (Baumhauer, Ar, 2/. 8, 1). S.O. 
graphite 2*11 t(#2*26 (KenngoU, Brodie, M^ne ; 
Sitz. W. 18,469; A, 114, If C, ^2.^64, 104). 
S.O. amorphous charcoal l-4{f to 1*7 (u. Vio- 
letta, A. [3] 39, 291). S.O. hard gas-coke 
2*366 (Marchand a. Meyer). S.H. about *5 at 
1000® IV. inJIra). O.E. (diamond, linear at 40°) 
•00000118; (diamond, cub.mt 19°) -00000.364; 
(graphite, linear at 40°f -(10007 80 ; (Fizean, 
C. 2i. 62, 1133; 68, 1125). /it„ = 2- 16, .u,, - 2-479, 
for diamond (Sclirauf, P. 112, 588). E.C. gra- 
phite, *082 (Hg at 0° = 1) [vavie%mucli for dif- 
ferent Bpecimens] (Muraoka, IF. 13, 307). E.C. 
hard gas-coko, *01 (Hg at 0° = 1) (Muraoka, l.c.). 
Crystalline ieaui; diamond, regular octahedra 
and forn'S derived therefrom ; graphite, hexago- 
nal forms chiefly rhombohodral (Konugott, 

W* 13, 469) ; Nordenakiold (P. 96, 100) observed 
monoclinio crystals in graphite fr^u Finland. 
H.O. [C,O'0 = 96,960 for amorphous C {Th. I, 
411); 93,350 for diamond, and 93,5(‘.0 for graphite 
(Favre a. Silbermann, A> C/i. [.3J 3.3, 111).* 
Emission-spectrum oftserv'^d by passing sjiarks 
through pure CO or CO., is cliaiaeterised by a 
double line 6583 and T)577-5, three sliarp line s 
6150*5, 6144-2, 5133, and a baud 1266 (Angstr<"Mn 
a. Thal6n, Nov. Act 9 [1875)). Eesidos 
these, and many other less marked, lines, 
Liveing a. Dewar describe the arc-speetrnm 
as showing the following marked lines, 3919-3, 
2837*2, 2836-3, 2511-9, 2509 9, 2296-5 (/V. .30, 
162,494; 33,403; 34, 123, 118). A very dif. 
ferent spectrum —the hand-spectrum is ob- 
served at the base of a candle or gas flame, alr.o 
in oyanogon burnt in 0, or by passing sparks 
through CN, CO at increased rircssure, CS^, Ao .. ; 
the most characteristic band 5633, 5101, 
and 4736. There has been much discussion as 
to whether this spectrum is^at of Cor of a j 
hydt^Hll^n (v. JJ. .1. 1880. 2->l).* '^ii-ee allo- 
tropio foiTOs of carbon arc known ; diamoiul, 
graphite, and amorphous eiirbon. • • 

The diamond was rcgariU:d by Newton as a 
combustible body because of its high refractive 
power; in 1691 diamond was burnt by the 
Florentine Academicians ; Lavoisier found that 
CO2 is produced when diamond is burnt, and 
Davy showed lliat diamond is pure carbon. 
Lavoisier, about 1780, recognised that carbonic 
acid (then called fixed air) was a compound of 
0 and the element which is the essential element 
of coal ; to this element ho gave the name car- 
bone. Graphite was long consid(’red to be a 
kind of lead -, Scheclo, in 1799, showed it to be 
closely related to coal ; he regarded it :|s a win- 
pound of iron and carbon, but Kastuer pi-^»vcd 
that the ir8n found in graphite waa^only an 
impurity, and that pure graphite is a form of 
carbon. • 

Occurrence. — CarJ)on occuts as diamond and 
‘ graphite, the former is pure, the latter .some- 
times approximately pure, carbon ; >.nany com- 
pounds of C occur in nature ; the eftief are ^CO^ 
in the air and all waters, mine A1 carbonates c.}/. 
of Ca and Mg, and compounds with ^H, O, N, and 
sometimes P and S, in all animal flfnd vog|tablo 
organisms. Diamonds are founft in India, 
Borneo, Brazil, the Cape, die.; ‘jgraphitc, in 
On^berl^d, Oalilomia, SiberUt Ac. Berthelot 


(G. B. 73, 494) found graphite in a meteorite 
which fell near Melbourne (Australia); and 
Fletcher found a oubic form oit graphite, in a 
meteorite from Western Australia {Mineralog. 
Mag.i Jan. 1887). Graph'te is found both amor- 
phous and foliated. Coal, anthracite, peat, <fcc., 
contain 8^om 50 to 06 p.c.#f carbon. 

Formation. — Many attempts have been made 
to fortft diamond ; none has been certainly suc- 
cessful (v. Liebig, Agriculluroiicmie [1840)4185; 
W^son, J. 1850. 697 ; Favre, J. 1856. 828 [from 
CCi^) ; Despretz, C. li. 37, 369 [electric current, 
for a month from Pt to 0 polo] ; Simralor, P, 
105, 466 [cry stall i '-ation from liipiid CO.J ; Lion-* 
net, G. It. 6i^, 213 [from CSJ ; Chancourtois, 
C. G. 1866. 1037 [oxidatil>n of hydrocarbon] ; 
Itossi, C. It. CliflOS; Tlannay^ JV. 30, 188 a. 
450 [action of iNlg, and Li, on gaseous hydrocar- 
bons mixed with N-containing conjpounds at 
very high tcj^iporatures and pressures] ; Mars- 
don, Pr. Fj. 11, 20 [by dissolving amorphous G 
in molten AgJ). Graphite is formed : —1. By 
heating charcoal with molten iron, and dissolv- 
ing out the Fc by IICI and HNO.,A<l- — 2. By 
the slow decomposition of TICyAq, and boiling 
tlio product with nNO.,A(i (Wagner, J. G. T. 
1869. 230), - 3. By evaporating the mother 
liquors obtained in making soda; these con- 
tain CN compounds whicli are decomposed 
at a certain concentration of the liquid with 
formation of Nil, and graphite (Pauli, D. P. J. 
161, 129; SchalTopr, IF. J. 1869. 250).— 4. By 
leading (3o over Fti-O;, at 3()()°-400° (Griinor, 
G. ii?73, 28 ; Stingl, B. 6, 392). Amorphous C 
is also formed (BortheWf, G. B. 73, 494). — 5. By 
the decomposition of^S^. at high temperatures. 
6. By leading CCl* over molten pig-iron (Deville, 
A. Ch. [3] 49, 72). Amorphous carbon is formed 
in many ways : — 1. By heating wood, coal, or 
I almost any animal or vegetable matter, out of 
j contact with air. to a Ijigh temperature. — 2. By 
the iuoompb.'to combusyon of wax, tallow, oil, or 
other combustible c^mp^imds of C jfnd H.— 3. 
By decomposing, at a very high temperature and 
out of contact with air, the gaseous C compounds 
obtaimfi in the production of gas from coal ; the 
carbon *thus obtained is very hard (v. Proper- 
ties). 

Preparatwn.— Pure graphite is obtained by 
Intimately mixing 11 parts of finely powdered 
foliated graphite with 1 part KCIO3 and 2 parks 
cone. beating on the water-bath so long 

as Cl ^mnes off, washing repeatedly with hot 
water dr^'ng^and Seating to remove H^SCL ; if 
the graph! tt# contains silica it is treated with 
NaF and besides treatment #>vith KCIO3 

and JI..SO, (Brodie, T. 1 860. 1 ; v. also Wincklcr, 
J.pr. 98, 243 ; Stin. 1, B. 0, 391). 

Amorphous carbonj^is prepared approximately 
pure by strongly lieatmg cano sugar in a closed 
Pt crucible, boil! i4g the charcoal thus produced 
with (1) cone. TIClAq, (2) KOHAq, (3) water, 
drying, heating to full redness in a stream of 
^ry Cl and allowing to f|pol .in the ^ame ; H U 
removed as HCl, 0 as JDO, also traces of SiO,, 
Fe-Ps, &o. as SiCli, Fe.Clj, Ac. The 

soot from semi-burnt turpentine oil, after treat* 
ment with ether, and heating to a high 
temperature in a closed vessel, is approximately 
pure carbon. It seems to be impossible to obtain 
finely divided amorphous 0 quite free from gMM 



OAJ^N. 


6m 

Buch as H, 0, or Cl \ even when purified as de- 
scribed it retains traces of Cl, this may be 
removed by strongly heating in bonneotion with 
a Sprengel pump, but on exposure to the air 
considerable quantities of 0, GO,, <feo. are 
quickly absorbed. The absorbed gases cannot 
bo removed by hea^.ng at ordinary pressures; 
Erdmann a. Marcliahd (/. pr. 23, 169) found 
•2 p.c. H and *6 p.c. 0 in siigar-charcoqj. which 
ha^ been heatcdjiearly to whiteness for 3 hours. 
According to Porcher (0. N. 44, 203) amorjihous 
C free from H, 0, and N is obtained by parsing 
CCI4 vapour over hot pure Na in a hard glass 
tube, and then heating the 0 obtained to a 
little under the tem|)eratiiro atfwhich burning 
begins. A very har^^ kind of amorphous carbon 
is formed by placing wood (bo^, ash, elder, lilac, 
or oak), or flaiT, hemp, cotton, paper, or silk, in 
a porcelain tube, driving out all air by CS. 
vapour and then gradually heatmg to redness 
for an hour (Sidot, C. It. 70, 005*' The harder 
the wood and tlio higher the temperature to 
which it is heated, tlic harder and denser is the j 
carbon produced. Various materials consi.sting'^ 
mainly of carbon arc prepared for industrial 
use ; charcoal, by partially bnniiiig piles of 
wood covered with turf or earth, or by the dry 
distillation of wood ; cohe, by heating coal in 
iron retorts arranged so that the liquid and 
gaseous products nuiy be .separated from the 
residual carbonaceous matter; lamp black, by 
partially burning tallow, turpentine, <fec., and 
condensing the soot on cold surfaces; animal 
char (which however contains only aboutilO 20 
p.c. C) by heating boiv's^in closed vessels. 

P/'op(U*fi<.’s.— Unehang^jd by action of acids; 
has not been melted or vaporised. 

Diamond is a colourless, transparent, very 
refractive and dispersive, crystalline, solid; some 
diamonds are coloured yellow, brown, blue, or 
blaek. diamond is the hardest .substance known, 
but rather brittle; very bfid conductor of electricity 
and heat: C.E. small ^ cspetially at low tern- 
,i)eraturcs, at -42^==(^’' IJncliangcd by heating 
out of contact with air to JdOO'^-llOO^^; but 
placed between the carbon poles of a powerful 
battery it glows brilliantly, swells uf.', splits, 
and after cooling tho surface resembles coke 
from bituminous coal (comp. Hose, P. 168, 497 ; 
v. Schrotter, Sitz. IT. [2] 0.3, 402 ; IMorro., 
C. It. 70, 990; Jacquelain, A. 01, 250; Gassiot, 
PA. C. 1850. 893; Baumhaucr, Ar. N. 8, 1). 
Unchanged when heated to whiteness in water- 
vapour (Baumhauer, l.c.). ^Strongly Jicatcd in a 
stream of 0, diamond is comjh^'tcly burnt to 
CO.^; it may also be burnt by heating with 
molten KNO3; or, very slowly, by powdering 
finely and heating with K./b’/)., and a 

little H3O (Rogers, J.'^pr. 50, 411). 

Graphite occurs n/itive both crystalline 
{foliated) and amorphous;! it forms a grey, 
metal-like, hard, opaque, solid ; fair conductor 
of electricity, especially after purification by 
KClOj, (v supra)^ fair conductor of heal^ 
is not changed by haling out of contact v.idh 
air; burns^n 0 to at a high temperature, 
but more slowly than diamond; burnt to COj, 
more easily than diamond, by molten KNO3, or 
by K^Ct^O, and II^SO^Aq ; also by heating with 
various metallic oxides. "Wlicn graphite is 
liq^ted with KC10| and HNO,A^ a compound of 


C„H, and 0 is formed, called by Brodie 
acid (probably' OjiH.OJ ; this body is not oBc 
tained from diamond or amojmhous carbon (o. 
Eeactionst No. (fi. ® 

I The form of coke which is 
formed in the upper parts of the retorts in which 
coal is heated for gas-making, or is obtained by 
passing hydrocarbon vapours through red-hot 
porcelain or iron tubes, is an exteremely hard, 
metal-liko, lustrjju% sonorous solid ; S.G. 
(2*356) nearly saVne as that of graphite ; it is 
a good conductor of electricity and a fair con- 
ductor of heat; burns with difficulty ; it contains 
no H, and lekves only from ’2 to *3 p.c. ash 
(Marchand a. Meyer). 

Amorphous carbon (sugar- charcoal ; lamp- 
black) is a dense, black, pow^Tdr ; it is ex- 
tremely slowly acted on by anyt.rcagonts, even 
energetic oxidi.sers; non-conductor of electricity. 
Tho harder forms of amorphous carbon, obtained 
by calcinirfg liard woods at high temperatures 
out of contact with air, somewhat resemble 
; graphite in appearance, they are more or less 
hi; trous, conduet olectBicity fairly well, and 
burn slowly when heated in air or 0. Ordinary 
amorphous C, or ordirwftry wood charcoal, ab- 
.';orb3 large volumes of gases : Saussure (0. A. 
47, 113) gives the following volumes absorbed 
by 1 vol. box-charcoal at 12° and 724 mm. : 
NHj 90, nCl 85, SO,. 65, H,,S 55, N,0 40, 
CO., 35, CO 9-4, C.,H, 35, 0 9-2, N 7*5, H 1*75. 
Hunter (P. M. [4] 29, 116 ; G. J. [2] 3, 285 ; 
6, 160 ; 6, 186 ; 8, 73 ; 9, 76 ; 10, 649) gives 
these numbers for 1 volume cocoa-nut charcoal 
at 0° and 700 mm. ; NIL, 171'7, CN 107-5, 
NO 80*3, CK.Cl 704, (CII.,)..0 70-2, C..H4 74*7, 
N.,0 70*5, Plf, 09*1, CO, ()7-7, CO 21*2“, 0 17-9. 
According to Angus Smith (Pr. 28, 322) absorp- 
tion of gase^.by charcoal takes place in definite 
volumes; thus if., the vol. of H absorbed under 
definite oonditidhs is 1, the vol. of 0 — 8, CO — 6, 
CO., = N == 4*06. Chomioal rca^f^s^i'^ some- 
times occurs between gases absorbed by char- 
co;A; 1ihu.s, IICl is proclucod by leading H over 
charcoal which has absorbed Cl, and SOjjCL, by 
leading SO., over charcoal under the same con- 
ditions. The absorbed gases are removed in 
vacuo. Recently heated porous wood char- 
coal removes many colouring matters, c.g. 
indigo, from solutions; it also removes fusel oil 
from weak alcohol, alkaloids from aqueous 
solutions, many metallic salts from solutions, 
&:e. ; in sclhio cases chemical change is pro- 
duced, e.g. CuSO jAq and AgNO^Aq are reduced 
with pps. of Cu and Ag (Monde, J. pr. 67, 
255 ; V. also Graham a. Hofmann, A. 83, 89 ; 
Gwhani, P. 19, 139 ; Weppcri, A. brt, 241 ; 69, 
354 ; Favro, A. Ch. [5] 1, 209 ; Guthe a. Harms, 
Ar. P\ 69, 121; Stonbouse, A. 90^*186). 

Specific heat of carbon.— The follow- 
ing numbers summarise the chief determinations 
exclusive of thota of Weber : the temperature- 
intervales about 35°-55° 

. Diamond: *141 Bettendorff a. Wiillner (P. 
133, 293); V147 Regnault (A. Ch. [3] 1, 202) j 
•3lf6 [20°-1,000'’] Dewar (P. M. [4] 44, 461). 

Oas carbon : *166 Kopp (A. 126, 862 ; 
^Supvlhd.9 , 1 a. 289) ; -186 B.a.W. (Z.c.) ; *197 
R. (^c.).; -32 [20°-l,000°J D. (Z.c.). 

Graphite: *174 Eopp (kc.); *188 B. 

(U)i -^Ol B. (Z.C.). 
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Ih 1874 Weber mtfde oitretal detenninationa 
of the S.H. gI the different ‘forms of carbon at 
different tempetaturea ; hejinsed (1) diamond, 
(2> native graphite, (3) poroi^ wood*oharcoal in 
a slender filament strongly heate^in dry Cl and 
sealed at once in a glass tube. Hia chief results 
were as follows (u. P.M. [4] 49, 161 a. 276) : — 

* Diaincmd. 

Temp. -60® +10® ^5®| 250® 606® 985® 

S.H, *0036 -1128 -1765 -3020 *4108 -4529 

Graphite. 

Temp. -60® +10° 61® 201°«250® Oil® 978® 
B.H. • *1138 -lOOl -199 *2966 -325 *4454 *407 
^ Wood Charcoal. 

Temp.^ 0®-23® 0®-99® 0®-223® 

S.H. • *1653 *1935 -2385 

These numbers show that the S.H. increases as 
temp, increases, but that the r#to of this in- 
crease is much smaller at high than at low 
temperatures. From 600® onwards the S.TT. of 
diamond is the sajne as that of graphite ; %s 
the values for wood charcoal are nearly the same 
as those for graphit** for the same tcuiperature- 
iiitorvals, the conclusions may fairly be drawn 
that at temperatures above 600'^ the dill front 
forms of carbon have all the same S.TI., and that 
at lower tomperaturos there arc two values for 
tl]e S.II., one belonging to graphite and amor- 
phous C, the other to diamond. 

Allotropy of carbon. Carbon exhibits 
allotropic changes in a marked way ; diamond 
may be, superficially at any rate, changod to 
graphite ; amorphous Cvnay also bo changod to 
graphite ; each of the three varieties is charac- 
terised by special properties. The S.G. of each ! 
is charai. icristic. The hofii.-'. combustion (a. , 
smra) are dilTcrcnt. Th,e S.K.s are not the I 
6^0 ; but Weber’s result^^tcnd to show that, 
a™-^:;:xds S.H., there is but one f.;^*m of C ox- ; 
istingar temperatures above 600®. i^norplious 
C remained unchanged when subjei toH to a 
pressure of 6,000 7,000 atmos. (Spring, A. Ch. ^ 
[5] 22, 170). The three forms arc eh-urly dis- 
tinguished, chemically, by their reactions with 
KC10.1 and UNO, {v. licactions, No. 9). ! 

A tomic c i ( 7 /i^.— Determined (1) by burn- 

ing diamond in 0 and weighing ^he CO, produceil^ ; 
(Dumas a. Stas, A. Ch. [3] 1, 5; Erdiimiin a. | 
Marchand, J. vr. 23, 159 ; lloscoe, A . Ch. [5] i 
26, 136 ; Friedel, Bl. [2] 41 , 100) ^ (2) by heating 
silver acetate and weighing the Ag (Marignac, , 
A. 59, 287) ; (3) by heating Ag salts (oxalate and 
acetate) and weighing the Ag and (.0, formed 
(Mauraen6, /I. Ch, [3J 18, 41). 'J lyi mt.an of 
all the (closely agreeing) results is- 11-97 | 
(0 = 16*9(f). . , I 

Chemical properties * — Tlie atom oi j 
0 is tetravalent in gaseous molecules (CH^.'CCl^, i 
CBr., Ac.). The atomicity* of the molecule of j 
0 is unknown, as the element has not^ been gasi- | 
fied ; certain considerati^s, e.g. ^tho incmas(> j 
in S.H. as temperature increase®; and perhaps*: 
the character of the spectrum, seem to inSlicate 
that the molecule of C is probably composed of 
several atoms. . * * 

Carbon is distinctly a non-metallin Element ; 
It does not replace the H of acids to form salts ; 
forms stable, but easily gasified, compounds 


with the halogens; its oxides, and also the 
sulphide CS.j, are distinctly aoidio in their re- 
actions ; it exhibits allotropy in a most decided 
way ; the spectrum of C is very complex ; yet in 
some of the physicalproperties of graphite and 
dense amorphous carbon, this element approaches 
the nmtals {v, supra), Jj Carbon stands at the 
beginning of Group IV.*in the periodic classifica- 
tion ^ 7 f the elements ; the other members of this 
grou^, except Si, are niorcj metallic th>^ non- 
mctaliic ; C shows closer relations to^i, the first 
8dd-series member of the group, than to any 
other element in tlie group {v. CAiinoN group of 
KLEJiKNi’s). Both elements are remarkable ^pr 
the great ituinher of compounds which they 
form with It, O, and N I Most of the elements 
of Group IV.Ajxcept 0, form clwractcristic com- 
pounds with F, or double coifTpounds with F and 
other elements. 

Heactu^is. — 1. Unchanged by action of acids. 
2. i/ea^, in absence of aii, produces no change 
[comp. Properties of Diamond), — 3. Whoni 
strongly heated in excess^ of oxygen^ COj is^ 
I formed : the comhiiuition is mucli retarded if 
the C and 0 are carefully dried (LJaker, C. J. 
47, 319).— 4. Heated with sulphuric acid and 
potassium dichromate C is slowly burnt to COj. 
5. Oxidised to CO, by heating with molten 
1 ! Urate or chh >ra te of potassi 6. llcacts witli 
sulphur vapour at high temperatures to form 
7. Combines with hydrogen to form C^H, ; 
by passing electric sparks between C poles in 
atmosphere of H. — 8, Combines indirectly with 
nUrogen to form cyanogen.- -9. Graphite is oxi- 
dised hy potassimn DJtoratc and nitric acid to 
graphitic acid (?(t.iriO, or C„1IA). Brodio 
(2’. 1850. 24il) heated an intimate mixture of 1 
part purified and very fimdy divided graphite and 
3 parts KCIO,, with enough very cone. IINOgAfi 
to bring all into solution, at 60® for 3-4 days, 
until yellow vapour ceased to come off ; the 
contents of tne loLhrt wore then poured into 
miich vuhr; ,lhj) ihsoluble matl;'.r was tho- 
roughly washed by ^Recantation, dried on a 
wuter-bath, and again oxidised by KCIO, and 
HNO;,Afi, as bc-fore. These operations wore 
repcifted (usually 4 times) until no further 
chango was produced, and the insoluble 
matter formed a clear-yellow solid. Analysis of 
this yellow solid, dried at 100®, gave the formula 
C,,H^Oi. This body —called graphitic acid by 
Brodio — forms small, transparent, lustrous, 
yellow plates ; it is slightly soluble in water ; 
in^ dublo in wati'.r containing acids of salts; 
turns blu*i, Titmus slightly red ; shakei# witlx 
solutions of alkaline bases it aptjears to form 
insoluble salts, but the composition of these is 
very uncertain; wiion heated it burns explo- 
sively, leaving a fine, Wack residue; it is easily 
decomposed bv rcdu(fing agents such as (NHJHS, 
SnClo, HIAq, A’#, (v. infra). Brodie supposed 
this body to b(‘ a compound of a hypothetical 
element which he called graphem, and to which 
he gave the atomic w^gbj; 33 ; bja formulated 
graphitic acid as Gr 4 ft 403 , and^ regarded it as 
tiie carbon analogue of a silicic acid Si 4 H 40 ^ 
obtained by Wbhlcr from graphitoidal silicon. 
Gottschalk [J.pr. 95, 321) placed a very intimate 
mixture of 1 part (50 grms.) purified, very finely 
divided graphite with 3 parts KOlO, in a large 
I flask surrounded by ice-cold water, and^verj 
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tiowfy added enough HNO|Aqi B.G. l‘62d, to 
oompletelj moisten the whole ; he then digested 
at do® to 60®. and then at 60® to 70®. for 26-80 
hours ; he poured off the greater part of the 
acid and dissolved KNOs. washed with hot water 
by decantation, dried in vacuo and then at 100® ; 
he repeated this treatnnnt 5 or 6 times ; finally 
he washed the residue >«'ith HNOj^Aq 1*28, 
removed the acid by pressing between papey and 
then Ijy washing witji alcohol, washed with\ther 
to reraovd alcohol, pressed again, and dried on 
the water-bath in the dark. Gottschalk’'s 
analyses lead to the formula C„II,0« for 
graphitic acid ; he describes a salt, C:,;,U,uKaO,„, 
obtained by treating with cone. KOllAq and 
washing with cold wat\ r. 

The action of KCIO3 and HjSGi graphite 
has also been investigated by Stingl (B. 6, 391), 
and by Berthelot (A. Gh. [4] 19, 399). Berthelot | 
calls the compound produced as described 
graphitic oxide, he says it docs not ivact as an 
acid; he calls the carbon-like mass left on 
healing graphitic oxide pyrographitic oxide; 
the body is completely dissolved by heating ^Yith 
KCIO., and UNO.,. TIjo porous, amorphous, 
insoluble body obtained by heatijig 1 part 
graphitic oxide with 20 parts HIAq S.O. 2*0 
to 280®, Berthelot calls hydrograpliitic oxide; 
this body is not explosivrdy decomposed by 
heating, treated with KCIO;, and UNO., it yiedds 
graphitic oxide. There appear to be differences 
between tho graphitic acids obtained from 
different kinds of graphite. Berthelot distin- 
guishes the three ailotropic forms of carboiVjby 
their reactions with and cone. HNO3; 

amorphous carbon is oxi(li.s(\) to brown humus- 
like bodies, which dissolve in water; graphite 
forms graphitic acid ; diamond is unchanged. — 
10. Both graphite and amorphous carbon aro 
said to yield mcllitic acid C„(CO.^U)8 by the 
action of K.,Mn.^O„ in KolTAq (Schulze, B. 4, 
802). ~ 11. Carbon combiut-s with many metals 
when 8trong,ly heated with tiKuy, c.g. with Fe, 
Ni, Co, (tc. ; none of tlilsc carbides has been 
isolated as a pure compound (n. Cakiudes). 

Carbon, halogen compounds of. Carbon 
does not combine directly with the half gens. 
These compounds are represented by the formulro 
CX4, C.jX^, and C.^X^, where X - Br or Cl ; when 
X*»I only CX^ is known; no fiuoride of C has 
been isolated. The chlorides have been gasified 
and V.D. of each determined ; the forinulte are 
therefore molecular. Tho bromides decompose, 
partially or wholly, when hoisted ; the formulas 
are prwbably molecular. The iodA^ is easily 
separated by Jieat into C and I. Tho methods 
of preparation, and reactions, of the chlorides 
and bromides aro very similar. [C,C1'] = 21,030; 
[C*,CB] » — 1,150 (at const, press. Thomsen). 
Besides these compounds, seteral bromochlorides 
of carbon exist ; CBrClj; two it^nneric C.Bi’gCl^, 
OjBr^Clj, C-BrjCl, C.^r^CIa, CJiraCl. [For more 
details of tlie halogen compounds of carbon v. 
the halogen derivatiyes of Ethane, Ethylene, 
and Methane*.] ^ 

Oabbon bromides. Carbon dibromide 
ITetrabroniethylene). White crystals ; 
M.P. 63° ; produced by heating C.^Br^, or better, 
by reducing OsBr^ with Zn and H;,SO,Aq ; also by 
reacting with Br on alcohol or ether, adding 
to remove HBr, and distilling ; or by 


treating 0,HBr,3r, witE aloohplio EOH 
nox. 0. J, 14. 209J. Decomposed by hot Zn. 
Cu. Fe, ZnO. CaO,^<2o«. giving metallio bromido 
and 0 or 00^ (L6v^. A. 8. 292). 7 

Carboi^ tribf^omide 0^r^{Hexabromidi 
TetrabrometJi^lene dibromide). Hard, rectan- 
gular prisms, easily soluble in CS,, insoluble in 
alcohol or ether ; decomposed to C^Bri and Br, 
at 200®. Produced by brominating* 0.jH^Br„ 
and by heating C-ilpBn with Br and ELO to 
170®-180® (Reboul, L 124, 271). 

Carbon teirabromide CBr^ {Tetra- 
bromo-ineihanc). White lustrous tables; S.G. 
3-42 ; M.P. 91°. '^.P. 189*5® (at 760 nmv) with 
partial decomposition. Insol. in water, very sol. 
in alcohol, ether, or CHCI3. Partially decom- 
posed with liberation of Br, at 200° ; with alco- 
hol at 100® gives HBr, CIIBr.,, and? CH3.CIIO ; 
w ith alcoholic NH3 at 100® gives CHBry and a 
little guanidino. Formed by the reaction between 
(1) Br, in presence of I or SbBrj, and CHBr, or 
OS, or CBr^NO.J ; (2) Br, in presence of I, and 
CllClg. Best prepared by heating 1 part CS, 
i with 11 parts I and 7 parts d3r to 160®-160® for 
j 48 hours in a closed tube, shaking contents of 
tube withNaOHAq, distilliftg in steam, pressing 
between paper, and crystallising from alcohol 
(Bolas a. Groves, C. /. [2] 8, 161 ; 9, 773). 

Carbon Chlorides. Carbon dichloride 
C-^Cl^ {Tetrachlorcthyhnc). Colourless liquid; 
ctliorcal odour ; S.G. at 10° 1*62 (R.), 1*012 (G.); 
j S.G. at 0® 1*6595 (B.). B.P. 122® (R.), 116*7® 

I (G.), 121® (B.). V.D. 5*82. Easily combines 
I with Cl in sunlight forming C3CI3. Prepared by 
I reducing C;iCl3; CXl^ is placed in a flask with 
i water and Zn, II.,S04Aq is added from time to 
j time, the flask being kept cold and frequently 
i shaken ; tho C-.d^ is distilled over in steam, 
i dried, and fraeftfonated (Faraday, T. 1821. 47 ; 
i Roguault, A, Ch. S-\ 377 ; Geuther, A. 107. 
, 212 ; Bourgoin, Bl. 23, 344). 

I Carbo^ trichloride C^Clg 
; chlore^kyl'ine dichloride. Carbon hexachloride). 
Hard, colourless, rhombic prisms ; S.G. 2*0. 
M.P. 187^ and B.P. the same (Stadel a. Hahn, 
J5. 9, 1735). V.D. 8*15. Insol. in H.6, sol. in 
I alcohol or ether. Easily reduced, e.g. by Zn and 
I ILSO^Aq, or by alcoholic KHS, to C3CI, ; with 
hcOHAq at 200® gives KCl, H,0, and K^CjO,. 
'Prepared by leading Cl into boiling C3H4C1.^ till 
saturated, cooling by ice, pressing between 
paper, dissolv^ig in alcoliol, ppg. by H.^O, press- 
ing, and crystallising from alcohol (Faraday, T, 
1821. 47; Regnault, A. Ch. 09, 165; 71, 371; 
Liebig, A. 1, 219; Geuther, A. 60. 247; Ber- 
thelot^ A. 109, 118). 

Cqrbo^h tetrachloride CCI4 (Tefm- 
chhro-methane). Colourless liquid, wifo ethereal 
odour; S.G. g 1*63195; B.P. 76*74® (Thorpe, 
C. i7.'37, 199). V.D. 6*24. Prepared by leading 
dry Cl into boiling*, CHCl* containing a little 
SbClj or ipi, in a large flask* with inverted oon- 
*dciiser, remo^ng excess of Cl by shaking with 
•Hg, and fra\ionating. Also by passing CSj 
and CM through a l^ot porcelain tube (Eolbe, A. 
46, 41 ; 64, 146). Unchanged by EOHAq ; with 
alcbholio KOH slowly gives KCl, l^CO,, and 
Kfi; jiasBed through a hot tube gives 0,Clu 
C3CI3, and C ; heated with SO, gives COCl, ana 
I 8,0,01,; with P,0, gives FOCI, and COCl$ 
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(Regnaull, A» Ch, 71, 877; Dumas, A. Ch, 73, 

06 ). 

Carbon lODua. CI4. Dark red octahedra ; 

5. G. 4*32 ; sol. in alcohol, e^er, or CS ,. De- 
composed by heat to C and I ; with H.O 

or dilute HIAq gives CHI3. Preparea by mixing 
equal vols. CCl^andCH.^ with saturated solution 
of ALJtt in CS.,, then diluting with HnO out of 
contact with^air. The solutigsn of Al J^ is pre- ; 
pared by pUcing the proiJlr quantities of Al (in ; 
small pieces) and I in a stoppered llask and 
adding 3 times the quantity of CS., ((xustaYsoii 

14, 1705). ' ^ ‘ i 

Carbt^ BaoMocuLoiaDES : TricJilorahromo- j 
methane CCI jBt ; two tctmchlorodihroino-efhnnes 
C-jCl^Br./, d'^lorotetrahromo-cthane C..CLBr, ; 
cliloropenta^royno -ethane C.jClBr,, ; dichlorodi- 
hroino-ethylen»Q.iQ\.^'C.r.> chlorotribroiiio-elhi/lcne 
^ C.ClBr, {v. these compounds under Methane, 
Etuank, and Ethylene). ^ 

Carbon, hydrate of (?) By treatTng pig-iron 
with (1) CuSO.Aq, (2) Fe.Cl.Aq containing IICl, 
a brownish-black substance remains, contain- ^ 
ing, according to Sdfiitzenberger a. Bourgeois 
(C. li. 80, Oil) carbon and water in tlie ratio 
11C:3IL0. Besides t»1e C and H.p, the sub- 
stance gives about 10 p.c. ash. It loses 311^0 
at 250'". 

Carbon nitride = Cyanogen (q. v.). 

Carbon, oxides of. Two oxides certainly 
existi CO and CO.^; these formula' arc inoh;cular ; 
each bears the relation of anhydride to an acid, 
CO is formio anhydride (the acid is Jl.CO.,), 
CO.^ is carbonic anhydride (the acid is lECOg) 
(v. infra). Both oxides can bo obtained by 
direct combination of 0 wifli C ; either can bo 
produced from the other, by combining witli O 
or with C, respectively. Both t»vo stable gases; 
CO is an energetic reducer ; CO.,, in a few cases 
acts as an oxidiser. Brodie^V-h'. 21, 215) and 
BertJj^,]ot {Bl. [2] 21, 102) have described 
bodies, by the induced elcAtrio dis- 

charge on Oo, as oxides of C. Brodie gotieiid 
a gradual diminution in vol. of the CO and tlie 
formation of a red-brown lihn on the glass tube; 
the solid wa*s soluble in Avater giving a markedly : 
acid solution; its composition appt?a red to differ i 
in dilferont experiments ; Brodie gives the for- : 
muhe CjOa and Cj,Oi. Bert helot got brown, I 
amorphous, humus-liko bodies which dissolved ; 
in water with acid reactions, gave brown pps. 
with AgNO;,Aq, BaOA<j, and rb2NO;,A<i ; at 
300°-400° CO and CO., (equal vols.) A^re evolved, 
and another dark body remained, to Avliich B. 
gave tlie composition C^O;,. B. also (.1. CU. [5] 
17, 142) states that by the action of tdectric 
sparks on pure CO.^ a gas Avas produe(«1 Avliich 
reacted violently with Hg and oxiclisable botfies. 

Carbon monoxide. CO. {Carbonic *oxidc ; ^ 
more properly, altliough rarely, carbonoiisoxiil^^^ j 
foiinic anhydride.) Mol. av. 27*1)3. S.G. *3073 i 
(air=«l). V.D. 14. ,(c.-18«°) (Wroblowski, 

6 . B. 98, 982). S.H. p. *2340. S.H. *10844 

(E. Wiedemann, P.157, 1). JI.E. *003007 (Beg-* 
nault). S. (6®) *0287; (9^) *0209; (13*5'") *02315 
(Bunsen). S. alcohol (2°) ^20356; (13^") 
*20416 ; (1C°) *20506 ; (24°) *2045^, 

(Bnnsen). fio= 1'000301 ; =» 1*000350 ; 41 ^=^ 

1*000391 (Croullebois, A. Ch. [4] 20*, 130). 
[CO, OJ 67,960 at const, press., and 67,670 at 
const, vol. ; [0,0] « 29,000, and 29,230, respcc- j 
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lively (Thomsen). Does not exactly obey Boyle’s 

law ; — ^ 1*00293 (Regnault, Acad. 1802. 26, 

229). Liquefied by cooling to — 136° at pressure 
of 200-300 atmos. and thou decreasing pressure, 
not too quickly, to not les;^than 50 atm®s. (Wro- 
blcwski a. OlszcAvski, A. Ch. [0] 1, 112 ; v. also 
Natter.n*, W. A. B. 12, 133 ; and Cailletet, C. R. 
85, 1215 a. 1217, and A. Ch. [iij 15, 132^. i^irst 
obl^iincd in 1770, by Liisojuu', by heating C with 
/uO ; obtained by rricstty, in i73(h by heating 
charcoal Avith iron oxide, but supposed by him 
to be H; proved by Cruinksliauk not to be' a^ 
hydrocarbon ; Iriio cojui)osition dctoj inined by 
j Clement aiul D^^ornios. 

Occurrence. -In the gas<s burning coal 
or charcoal; from the partial combustion or 
putrefaction of organic matter; or from the 
: reduction of jnetallic oxides by charcoal, c.g. in 
! the blast-furnace (BaroswiI, J. Ph. [3) 25, 172; 

' Bunsen, P. 40, 133 ; 50, HJ). During the oxida- 
tioii of gallic and tannic acids by expo.surc to air 
; in alkaline solutions (Boussingault, A. Ch. [3] 

' 00, 235; Calvert, C. It. 57, 87:’>). In pig-iron 
I and steel ac-cordingto Troosta. llaiitefeiiilio, also 
Parry (J. 1873. 337; 1874. 1083). 

J'\>nnatioii.—l. By passing steam over excess 
of red-hot C ; the product may contain about 
281 p.c. CO, 50| p.c. Jr, 14 ,' i).c. CO,, and 
traces of CII, {v. Naumami u. Pistor, B. 18, 104). 
2. Bypassing a slow curreniof CO.,, over red-hot 
C, and Avashing the gases through KOllAq and 
Boda-..iinc. — 3. By heating CO.j Avith those me- 
tallic oxides Avhich do readily part Avith 0, 
c.<j. ZnO, PbO, I'e.X);,^ oxides whicli readily give 
i up O yield but little CO, ns it is again oxidised 
I to CO.M -4. By passing CO^ over recl-liot Cu, or 
I over hot Zn-dust (Noack, B. 10, 75),-- 5. By 
' heating CO., to 1300° (Deville, C. li. 53, 873). — 
0. By electric sp‘’rks thyoifgli CO.^ (Buff a. Hof- 
mann, A. l.'.3, IlO).- '4, By lieating powdered 
CaCO., or K.EO., AvUh (mn-sixtli its^veight of 
powd(n*ed charcoal ; Na.BO, heated with C alsd 
yields CO (Avith Na^.S). — 8. In very small quanti- 
ties (with COS) by passing CO.^ and S vapour 
through a red-hot tube (Berthelot, A. Ch. [5] 
30, 547).— 9. By heating dry IIC.D^, or by 
reaction betAveeii or an oxslate and hot 

cc)nc. HjSO,. — 10. By lieating II.CO.JI, or a 
formate, Avith cone. lf_SO,. 

PrciKinition. — 1. One [it. dry powdered 
K,Fc(CN)^ is heated, in a capae.ious vessel, with 
8-10 pts. fsonc^ Jl.^SOi; a.s soon ns frotjpng 
begins the l.‘#iip is loAvered to a .small ilamc; 
the gas is passed through milk of» lime and 
KOlJAq, to remove CO. and the SO., formed in 
the process; SO.^ is cvolvf^d only in the earlier 
stages of the n c.et.ion ((Grmiiii a. Bamdohr, A, 
38, 127). 15 g. K 1 V;(CN),j yield about 4 litres CO ; 

K,F '(C:l),-i 01I.,S04 + OH,0 
== 6CO + 2KBO4 3(N 1 1,),^Sb, -4- FeSO^ (FoAvnes). 
2. Dry CaC.O^, or BaCh04, is mixed with about 
^pt. dry CaO JI^, and th| mixture is strongly 
licatcd in a liard glass - jask ; the gas is passed 
through milk of lime, and is then dried: — 
CaC^O, gh^es CaCOj-f CO ; the CaH.^Oj absorbs 
any CO2 formed. — 3. According to Cherrier 
(C. B. 69, 138) pure CO may bo prepared by 
passing the gases produced by heating H2C.2O4 
with H^SO, tiirough a red-hot tube filled wfth 
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charcoal, and then through a mixture of CaOAq 
end KOHAq. 

Fro 2 )ertie 8 .-—A colourless, tasteless, slightly 
odorous gas ; liquefied at low temperature and 
great pressure {v. supra). CO is combustible 
but a non-supporter of combustion : the tem- 
perature of the flauf^ of CO in air *3 about 
1400'^ (Valerius, J. 1874. 68). Absorbed by C, 
and by several metals, c.g. K, Ag, Au ; (quickly 
absSrbef by Cu.^C{.,, in a little HClAq {v. infra) ; 
decomposed at very high temperature to C ynd 
CO^; decomposed when moist by induction- 
sparks ; CO is an energetic reducer ; it combines 
with moist KOH (or NaOH) to form K formate ; 
combines directly wijth Cl and iW* in sunlight. 
CO is extremely poisonous ; it removes O from 
the blood aiicf Q'^'mbincs with the hannoglobin. 
CO may be detected in the blood by observing 
the absorption -spectrum ; this is almost identi- 
c.'il with that of oxygenated blood, <*nd is charac- 
terised by two bands between D and E ; on add- 
ing a little ammonium sulphide these bands dis- 
appear in the case of oxygenated blood, and the 
spectrum shows one band midway between D 
and E ; if the blood contains CO the two bands 
remain unchanged for several days (Vogel, B. 

11, 235 ; Hoppe-Seyler, ^>. 3, 433). 

Electric siuirlcs cause a paHial 
decomposition to CO^ and C ; if the CO^ is re- 
moved the change proceeds (Bcrthelot, A. Gh. 
[5] 30, 647). According to Berthelot {Bl. [2] 
21, 102 ; A. Ch. [6J 17, 142) CO is decomposed 
by the induction-discharge ^ with production of 
CO.J .and (?) C^O., and C^O^ (v.ajifc ; beginning of 
this art.). According to^^'uff a. Hofmann (0. J. 

12, 282) the induction-spalkdocs not dccom])ose 
dry pure CO. Dixon (C. J. 43, 103) found that 
CO was decomposed (only about J p.c. of tlio 
total gas) by sparks from a Leyden jar.— 

to about 1300^ CO is partially decomposed to C 
and COo (Deville, 0/iJ. 59, 873).-3. A mixture 
of CO with oxygen is brrnt to COg by applica- 
tion of a*hlainc or olrptric* s*parks. Dixon (7'. 
1884. 617) has proved that if both gase.s are 
perfectly dry no chemical change occurs when a 
spark is passed; that a more trace pf steam 
renders the mixture explosive; that the oxida- 
tion of CO by 0 takes place very .slowly if only 
a quantity of steam is present; anjj 

that as the quantity of steam is increased the 
rapidity of the explosion is increased also. 
The steam acts as a carrier of O to the CO ; it 
is probably reduced, and tlic li is then again 
oxidised : the reactions wh’icb rccuf are very 
probably these (y. Dixon, C. J. 13, ’^31) : 

■ ‘ ( 2CO -f- 211,0 = 2CO . -f 2H., i 
■i2II,-i-0., = 2H.,0 ‘ 

Or (Armstrong, G. J. p), 1 i2) the changes may 
be representeil by the fo-nmlai, k’/ore exjdosion 
O.H.D.CO ; after cx2)losio7i ^OK^.OCO. Small 
quantities of gases other tllhn H^O were tried 
(H,S, C,H„ H.,CO„ Nil,. C,H,„ HCl ; SO^, CS,, 
CO.„ N,,0, C,N,, CCl,) ; if the gas contained H, 
explosion bccurreu ; i the gas did not contayi 
H the mixture did not cxjilode. — 4. When a 
mixture 01 CO and steani is heated to about 
600°, a portion of the CO is oxidised to CO,,; the 
amount of CO oxidised depends on the con- 
ditions (f. Dixon, G. J. 49, 94: references to 
other memoirs are given) ; if the CO.^ is removed 
M*-it is formed the whole of tlie CO can be 


oxidised. L. Meyer’s experiments (B. 19, 1099), 
however, seem tp prove that a mixture of drj 
CO and 0 can f)e exploded ^ a very strong 
spark is used, an^ the temperature is thus mad( 
very higu. ^The®gases must be under consider 
able pressure ; the more dilute the gaseous 
mixture the more difficult is it to explode it.— 5 
When sparks from an induction-coil arepassec 
through a mixturt of CO and stSkm, CO.^, i 
little formic aciiH. aCid in some cases C, ars 
formed (Dixon, J. 43, 94). — 6. When to 1 
mixture of dry CO with hydrogen^ oxygen in 
sufficient for co^ipLcte combustion is added, anu 
the mixture is exploded by the sparlc^CO., and 
ILO are formed; the ratio of CO.^ to HjO 
depends on the shape of the yqgsel, and the 
pressure up to a certain limit; aboveT;his pressure 
— the ‘ critical pressure ’ — the Gatio CO^iH^O 
is independent of the shape of the vessel. The 
larger tlie ^^uaiitity of 0 used the lower is the 
critical pressure. So long as the volume of H 
is more than twice that of the 0 the ratio of 
[^CO X IIDiCO^x IL remains constant, provided 
no H./) can condense, and- the pressure is above 
the critical pressure: when the vol. of II is 
loss than twice that of 6 the value of the ratio 
diminishes. The presence of an inert gas, c.g. N, 
increases the formation of CO.^ and diminishes 
that of 11^0, hence it lowers the value of the 
ratio CO x H^OiCOj x H,,. This ratio is called by 
Dixon the co-efficient of affinity of the reaction 
(v. Dixon, T. 1884. 617 ; 0. J. 49, 94 ; Horst- 
mann, B. 12, 64; v. also CnEMicAL ciianoe). — 7, 
CO is oxidised to COj (1) by bichrome and suU 
I phuric acid (Ludvig, J. 1872. 218) ; (2) by palla- 
dium charged lyith hydrogen, in presence of 
oxygen and ivater, IT.,0,^ being also produced 
(Traubo, B. 15, 2325, 2854; 16, 123; Bemsen a. 
Reiser, B. I'J^* 83) ; (3) by mixing leith oxygen 
and passing overc^plalinum-black ; (4) by nitro- 
gen dioxide [NO.J (Hasenbacb, J. pr. 1) ; 
(5) by he ding tuith most metallic oa-\Z!V; (C) by 
heaUii'^ with many oxysalts, e.g. alkaline sul- 
phates (sulphides produced). — 8. Many experi- 
ments have been made to determine whether 
CO is oxidised by contact with moist oxygen in 
pj'csence of slowly oxidising phosphorus ; the 
balance of evidence seems to show that CO.^ is 
not produced (Bemsen (and others) Am. S. [3] 
11, 31G; B. 17, 83 ; Am. 6, 153 ; Leeds, B. 12, 
1830 ; G. N. 48, 25 ; Baumann, B. 10, 2146 ; 17, 
283). — 9. CO reacts with moist potash or soda to 
form alkali'^formato (Berthelot, A. Gh. [3] 61, 
403) ; the reaction proceeds most quickly at 
190° 200°, and is best accomplished by loading 
moist CO over soda-lime (Erohlich a. Geuther, 
yl.’'202, 317).— 10. With ferrous oxide at 
300’' 400°, CO._, and a little C are foiled (Griiner, 
G. It. 7'3, 281).— 11. CO appears to react with 
contain metallic peroxides to form carbonates, 
but, according to Wright a. Luff (C. J. 33, 640), 
CO._. is formed b> partial^reduction of the per- 
oxide and reacts with the lower oxide to produce 
carbonate.— 12. Mi. ly of the preceding reactions 
exhibit CO‘hs a reducing agent', it also reduces 
PdCl.Aq to Pd.— 13. When sodMiw or potassium 
M heated to redness in CO, alkali carbonate and 
C arsi formed. 

Coi7ibinations. — 1. With potassium at about 
80° to form the explosive compound KCO 
I (Brodie, 0. [2] 12, 269), v. Potassium.— 
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2, With chhr^ or bromine In sunlight, t'oliorm 
COC^, or, COBrj ' (t>. CAnBON,«oxYciTi,ottiDE, and 
oxrBRbMtD(BjO|i.-^8. With steiphur to form COS 
{v. Carbon, oxysulphide or^— 4. With platinic 
chlorj^ to form CjOaPtCf* ai«l C.O.PtClj 
(Sohiitzenberger, A. Gh. [4] 21, 350).— 5. CO is 
absorbed by anhydrous HCN (Bottinger, J5. 10, 
1122) ; bjr several metals, e.g. Fe, Ag, Au; by 
carbon.— o. CO does noii Oombine with cyano- 
gen, nor does it react wi^ Mg(GN)^. 

£lstiAiation. — CO in a gaseous mixture is 
absorbed by Cu-^Cla solution. Thomas (C. W. 
37, 6) prepares the solution 1^^ filling a vessel 
of 120ftO.o. capacity full of Cu turnings, 
adding 6 g. crystallised CuClj and 20 c.c. cone. 
HClAq, an#j5haking until solution of the CuCh 
is effected; he then adds 30 c.c. water and 
shakes briali^y for some time, and then adds 
30 c.c. water. 

Carbon dioxide. CO^. {Carbon^ anhydrbh 
often called carbonic add.) Mol. w. 43-Hl). S.O. 
gas 1*53; S.G. liquid l*0r7 -at -31’; 1016 at 
-25°; -966 at -11*5°; *91 at -HP; -84 ib 
+ 11°; *726 at +^-2° (Cailletet a. Mathias, 
C. R. 102, 1202). S.G. solid (hammered) slightly 
under 1-2 (Landolt,B.M7,309) [-65°] (Mitchell); 
[-57°] (Faraday); [-78-2°] (Regnault, A. Ch. 
[3] 26, 257). V.D. 22; 22-42 at 800°; 21*2 at 
1180° (Moyer a. Goldschmidt, B. 15, 1165). 
S.H.v. *33 (equal vol. of air-1), -2169 (tMjual 
weight of air = l) (Kcgnault, C. It. 36, 676, Ac.; 


V. also Wiedemann, P. 157, 21). 


S.lf.p, 
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to 1*305 (Amagat, llontgcji, C. R. 71, 336 ; 77, 
1325). C.E. *0037 (ilcgnault, Magnus, .Toly). 


^ = 1*00722 (Itognault, C. R. 


At 


20, 975). 

200° CO., obeys Boyle’s law (Amagat, C. R. 68, 
1170; 73, 183). C.E. liql!id CO:. very large, 
]2(1^,'J^".. at —20° become 1,50 vol-?, at +30, 
(Thiloriei,> A. Ch. 60, 427). Critical tempera- 
ture = 30*9° (Andrews, T. 1869. ,575). ' Vapour- 
pressure of liquid CO., (Kegnault) in atmospheres: 
-25°, 17*1 ; - 5°, 30*9 ; 0°, 35*4 ; + 5°, 40-5 ; 
15°, 52*2; 2.5°, 66; 35°, 82-2; 45°, 1001. 
Vapour-pressuro of solid CO., (Faraday) in atmos. : 
-67°, 5*33; -70-5°, 2 2 ; ‘ -991°, 1 11. B.P. 
of solid CO.^ — i.e. temp, at wliich vaponr-pre.ssuro 
= 760 mm.— is much lower than the M.P. ; 
Regnault (and Pouillet) found —78* to —79° 
(P. 77, 107); Thilorier, -05° t« -98°; an^ 
Faraday, as sliown by values for vapour jjrcssure, 
under —99°. By evaporation of solid CO.,, mixed 
with ether, temp, is c. - 100°. 

S. CO.^ gas (Bunsen, A. 93, If: * 


At 


S. COjj gas in alcohol (Bunsen)? 


a*2° 4*0442 
6*8 3*7374 
10*4 3*4875 


At 14*2° 3*2357 
18 3*0391 

22-G 2-827T 


At 11° ]-yi6 
J2 1-1018 


AtjO° •1*7967 

1 1*7207 

2 1*0481 

3 .1*5787 

4 1*5120 ' 

6 1*4497 

6 1*3901 

7 1*3339 

8 1*2809 

9 1*2311 

10 1*1847 

Absorplion-coeflicient = 
1*7967 - *07761^ + *001642 4P. 


13 
I 14 

15 

16 
17 

^8 

19 

20 


1-0653 
1-0321 
1-0020 
0-9753 
0*9519 
0-9318 < 
0-91,50 
0-9014 


Absorption-coefliciont = 

, 4*32955 - *09.3^5t + *001 2 it-. 

/io = l*()00395, = 1-000156, = 1-000496 

(GroiUlebois, A. Ch. [4] 20, 136; v. also Chap- 
puis i. Riviere, C. R. 103, m). H.Fjw. [<y,0*J- 
1M*),060 ; [CO,0] = 67,960. IT.F.v. [C.O-] = 

96,960 ; [CO,0] - 67,670. [C,() .Aq] = 102,840. 

[CO,0,Aq] = 73,840. [CO’.Aq] = 5,880. 

[CO Aq.nNaOl 1 Aq] ; 7i = 1 = 1 1 ,016 ; n = 2 = 
20,184 ; n -= 4 = ‘20,592 (Thomsen). 

Carbon dioxide has l)een lyiown for cen- 
turies. The identity of tit#; gases produced 
during forinentation and by the action of acids 
on chalk was established by Black. Berginann 
recognised ^ho same gas in the atmosphere. 
Cavendish proved that the same gas was pro- 
duced by burning charcoal. Ijavoisier estab- 
lished the composition of the gas. Faraday 
liquelied, and Thilorier solidified, carbon di- 
oxide. 

Occurrence. — In the atmosphere (v. Atmo. 
sniEiiK) ; in mineral waters ; issues from the 
earth indilTcrent places; sometimes found liquid 
in cavities in quartz, Ac. i’roduced by tbo 
breathing of animals, by the decay of organic 
matter, by the combustion of coal, charcoal, <tc. 
In combination as carbonate, of calcium, magne- 
sium, tfec., Ac. 

^Formation. — 1. By,.^urning C in air or 0.— 
2. By oxidation of , ,iost C-coinpounds. — 3. By 
burning C(\— 4. 1^ reducing many metallic 
oxides by C. — 5. By lieating together H.,,0 and 
CO. — 6. By tbo reaction between red hot C and 
steam. — 7. By the action of steam on CaCOj at 
red heat.- 8. By heating a mixture of K^Cr.^O, 
with Na./’Os. — ‘d. By heating several carbonates. 
10. Daring fermentatkm. - 11. By reaction be- 
tween acids and catboiv'.tes. • 

P reparation. -V axCO^ MgCOg in lumps" ia 
treated with dilate llCl.Aq at the ordinary tem- 
perii.tu-e ; the ga.s is pa.ssiid througli NnllOO.,Aq 
(co remove IIOl whicli may have passed over), 
and is then dried by CaCl^. Bunsen recoin - 
memls the use of finely powdered chalk and 
cone. II, 80^, and addition of a very little water. 

• Liquid carbon dioxide was obtained by 
Faraday by decomposing (NII,)^CO, bylLSO^Aq 
in o;.e limb of closed glass tiibo bent at an 
oh, UFO. afiglc.* Thilorier [A. Ch-. 60, 247) (Jjecom- 
poses NallCO;, by dilute II^SOjAn in an iron* 
vessel connected with an iron cylimler in wliich 
the CO.jis liqiieHe.d by its own pressure. Nattorer 
(/. pr. 35, 169) e unpv<‘r,ses CO,, by a specially 
constrnctcvi air-pump (r. also Coro, T. 1861. 63]. 

Solid car')on dioxMe is obtained by allow- 
ing tbo liq liu tomscape into a tin vessel; part 
of tbo liquid becomes gas and ])art is solidified 
Tiandolt allows tbo liquid to evaporate freely 
[•into conical woollen ba^ ;*bc therf comprossos 
the solid COain cormai moulds of hard wood by 
wooden pistons {B. 17, 309). 

Properties. — A bea\y, colourless, gas; in- 
combustible ; non-supi orter of ordinary com- 
bustion, but strongly healed K or Na, or brightly 
burning Mg, burns in CO,^. Absorbed by water, 
solution colours litmus wunc-red and reaefs aa 

Y Y 2 
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a weak acid (t>. Cabbonxo acid). Absorbed by 
moist alkalis and alkaline earths forming carbo- 
nates ; rapidly absorbed by mixture of powdered 
KOH and hydrated NajjS 04 . Poisonous, by 
cutting off supply of 0. 

liquid carbon dioxide is a limpid, colourless, 
refractive, liquid ; noi^onductor of eleg-tricity ; 
not changed by strong induction-sparks; very 
expansible by heat ; C.E. is greater than tliat of 
the glis. ^ Insol. ift water which swims Sn the 
surface; mixes with alcohol, ether, etc. Dops 
not dissolve B or P ; dissolves I ; no reaction 
with Na or K (Cailletet, G. 11. 75, 1271). 

' Solid carbon dioxid,® is a white, loose, snow- 
like, solid ; when compressed by Itaimering in 
wooden moulds it resembles chalk (Landolt, B. 
17, 300). Very biid conductor of’hcat. Evapo- 
rates slowly, a specimen prepared by Landolt ! 
63 mm. by 71 mm. diam. look 5 hours to 
*■ volatilise in the air. Burns, if promised against 
the skin. 

Ileactions.—l. Heated toe. 1300'’ in porcelain 
tube is partly clianged to CO and O (Deville, 
C. li. 60, 720 ; V. also Bertlielot, G. B. 08, 
1036). — 2. Partly decomposed hy electric sparks; 
a condition of equilibrium is attained when 
change of CO.j into CO f 0 equals that of CO 
and 0 into CO.^ (Dixon a. Lowe, O’. J. 47, 671). — 
3. Mixed xuilh hydrogen, and heated to bright 
redness or submitted to indaetion-sparks, ILO 
and CO arc formed ; if ILO is removed the 
whole of the CO.^ goes to CO (Dixon, C. J. 40, 
04). According to Dubrunfaut (C. 11. 74, 125) 
CO.J and H passed over hot pumice give Gjuid 
PLO. — 4. A mixture dioxide and sul- 

phur vapour passed thrdhgh a red-hob lube 
yield a little C08, CO, and SO.^ (Berthelot, Bl. 
[2] 40, 3G2).— 6. With salpharctlcd hydrogen, 
passed through red-hot forms CO, If^O and 
S (Kohler, J3.ll, 205).— G. Decomposed by chloro- 
p/iy/Z-parts of plants cn sunshine. — 7. lleducod 
to CO by heating with enrhou, iron or zinc, or 
W'ith copper which has occluleil hydrogen (Tis- 
sandier, G. B. 74, 531 ; Sebrotter, W. A. B. 34, 
27). — 8. Partly reduced to CO by reaction with 
ferrous sulphate and a little u'uter, in a (dosed 
tube (Horsford, B. G, 1300). -0. Beduced to C 
by heating strongly with sodium, potassium, or 
magnesium; alkali carbonates strongly heated, 
tvitJtphosphorus or boron giveCO.^wh ich is reduced 
to C (Tennant, Greliis -4. [1703J 1, 158 ; Dragcii- 
dorff, J. 18G1.111 ; Leeds, B. 12, 1834 a. 2131).— 
10. With moist alkalis, or alkaline earths, forms 
carbonates.— 11. With tvalcv prcjbablj forms a 
solution of carbonic acid, IlXO;,^(v. Caubonic 
acid). — 12. IV or }X)tassium-amalgain 
at c. 350° gives Na (or K) oxalate (Drecliscl, vl. 
14C, 141). — 13. With sodium CO.,Aq reacts to 
give Na formate (Kolbd av-Sclimitt, /1. 110, 251). 
14. Decomposes moist p)otassium iodide at high 
temperature giving III (Papaaogli, 0. 1881.227). 

Carbon, oxybromide of. The existence of 
a Br compound of CO analogous to COClj is 
doubtful. A mixtive pi Br vapour with txcesp 
of CO is slowly, but hot fully, decolourised in 
sunlight ; iL contact with KOHAq this gas pro- 
duces KBr and K^COj (Schiel, A. Suppl. 2, 311). 
Emmerling a. Lcngycl could not obtain a trace 
of any compound of 0, Br, and 0, by the re- 
action between COS and Br at a high tempera- 
iurt) {h 2, 647). By the reaction between 


H.^S04 (50 parts), (20-25 parts), and 

CHBr, (5-10 pa^ts), Emmerling (B. 13, 874) 
obtained a sm^ quantity of a Imuid, which he 
slowly distilled through Sb, to remove Br ; he 
thus obtafned a colourless heavy liquid, smell- 
ing like COCI2. The B.P. rose from 12° to 
30° ; analyses seemed to show that the liquid 
was a mixture of COCI3 and C oxybromide. 

Carbon, oxyohlofide of. COCI2. (Carbonyl 
chloride, Phosgoiergc^, Chloro-carbonic acid ) 
Mol. w. 98-67. (8-2° at 756 mm.). S.G. -f (liquid) 
1-432 ; ® 1-39^ (Emmerling a. Lengyel, A. 
Suppl.l.m). V.D.50-6 (E.a.L.). [0/),ClT = 
54,850 at constant volume ; 55,140 at constant 
pressure (Thomsen). I’irst prepared by J. Davy 
in 1811 [T. 1812. 144) by the action of sunlight 
on Cl + CO (hence the name p/io.sv/ine). 

Formation. — 1. By leading CO into boiling 
SbCl, (Hofinann, A. 70, 130 ; 'v. also Butlerow, 
/j. 18G3. 481 ; Kraut, Gm.-K. 1. 2, 386), or over 
hot PbCl^ or AgCl (Cxobcl, pr, 0, 388).— 2. By 
.heating CCl^ with ZnO at 200° in a closed tube ; 
or by passing CCI4 and CO' through pumice in a 
tube heated to about 400°. — 3. By heating CHCI3 
(1 part), K,Cr,0, (2^ ifarts), and K.SO, (10 
parts) at 100’, and passing the gas over Sb to 
absorb Cl (E. a. L.).— 4. By passing Cl and CO 
over Pt black at about 400° (Schiitzenberger, Bl, 
[2] 10, 188; 12, 198).— 5. By passing Cl and 
CO2 over hot C (Schiel, J. pr, G, 388). (For other 
methods V. Schiitzenberger, B, 2, 218 ; Dewar 

а. Cranston, C. N. 22, 174; Armstrong, B, 3, 
730.) 

Preparation.— Biv Cl and dry CO are slowly 
])assed through a succession of large bottles 
i freely exposed to sunlight, then through a U- 
! tube loosely lijlcd with pieces of Sb (to remove 
free Cl), and finally into a tube surrounded by 
snow and salt. JLteh gas should pass through 
the drying-bottles at as nearly as may A.*-' the 
same ratev 100 litres CO give llO-l^-? g. COCI2 
in d>'-('C< sunlight. Patorno (O. 5, 233) passes 
the mixed gases through a tube 400 mm. long 
filled with animal charcoal : combination occurs 
with production of heat; the tube must bo 
cooled by a wet cloth from time to time (v. also 
Wilm a. Wischin, A. 147,150). 

Properties.— Colourless gas with penetrating 
odour ; at 8° and under it is a colourless limpid 
liquid; the gas is soluble in acetio acid, benzene, 
and several /jquid hydrocarbons. 

Bcactions. — 1. Water absorbs COOL with 
formation of COAq and HCIAq. Berthelot 
{G,R. 87, 501) gives the value [COCr-,Aq] = 04,600. 
2. Alcohol tovmschlorocarbonic ether CO.Cl.OEt 
(q. T.). — 3. Several metals decompose COClj, 
when hqated with it, to CO and metanic o^oride ; 
e.g. Sb, As, Na, Sn, Zn ; potassium forms KCl, 
iCOO,, and 0.— 4. With slightly moist potassium 
carbonate, KCl, H.^0, and CO.j are formed. — 

б. ZinaoxidepxoAxxoes ZnCl, andCOj. — 6. Com- 
bk.iea with 4 \o\s,.fLmmonia to form urea and 
NH,C1 (Natanson, A. 98, 288 ; Fenton, 0. J, 
35, ‘•793). 

Carbon, oxysulphide of. COS. (Carbonyl 
iulphide.) Mol. w. 50'91. V.D. 30*4. [CO,S]*» 
8,030 ; • [C,0,S] = 37,030 ; [COS.O^ » 181,010 
(Thomsen). 

Oeeurrefixet. — According to Thom (A, 
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6, 236), in geveral mineral waters, and in vol- 
canic gases. ' • 

FomiatioTi0-l. By passint CO and S vapour 
through a red-hot porcelam^ tube g(Thom). — 

2 . By gently heating SO, with CSjp; SO* and S 
aUo produced (Armstrong, B. 2, 'll?).— 3. By 
action of CO, on boiling S ; or by ellctric sparks 
on C 0.2 mUed with S vapour (Cossa, B. 1, 11/ ; 
Chevrier, C. R, 69, 136).- 1. By leading alcohol 
and 08-2 ovpr red-hot Cu^Ct j’nelU'y, 0. J- [ 2 ] 13, 
523). l?l)r other methods. !>. Ladenburg, B. 1, 
273 ; "2, 30, 53, 271 ; Dewar a. Cranston, C. N. 
20, 174; Salomon, e^.pr. [2] 5#47(>. 

Preparation.— By decomposing KCNS by 
H^SO^Aq ; KCNS + ILO + 2 H,SO.A.i 

= COS + K5fS0,Aq + NH,.TLSO,Aci. KCNS is 
added to a cold mixture of 6 vois. H.^SO, with 4 
vols. H.p as*Iong as the whole reniains liquid ; 
if much gas comes off the vessel is cooled, if 
very little gas is evolved the vess4‘l is warmed 
gently. The gas is passed through three U 
tubes, containing ( 1 ) cott..’! wool charged with 
moist ITgO (to remove IICN and formic acid). 
( 2 ) cuttings of unviflcani'-ed caoutchouc (to re- 
move CkS-J, (3) CaCl,i the gas is then collected 
over Hg (Thom). Bender {A. 1 1<H, 137) recom- 
mends passing the gas til rough a tube surroundi'd 
by snow and salt, and Hofmann {B. 2, 73 ) through 
wool moistened with BKt;, ; the object in either 
method being to remove C 82 . 

* Properties. — Colourless, heavy, gas, with a 
pleasant somewliat aromatic odour. Colours 
moist blue litmus sliglitly reddish. Absorbed 
by water ; solution sometimes contains CO.^ and 
ILS. Very sol. in alcohol* 

* Reaciions.—l. Burns in air to COiaiidSO^. 

2. At full red /wa/ gives CS... and CO^ (Bcrthelot, 
C. R. 8^,."71). -3. Withaea^ >• "ivos CO.Aq and 
HaSAq.— 4. With 2 )otash solution gives K.SAq 
and K^COiAq; similar rejftaons wiV* NlI..Aq, 

*iud BaOAq.— 5. Ammonia gas, or 
alcoholic gives CO.NH^.HNIf, (r^Berthck.t, 
A. Ch. [5J 30, 539).— 6. Solutions ofscUs of 
copper^ cadmium, lead, or silver give no j>i)s., 
but on abiding NHjAq the sulphides of tlio 
metals are ppd.— 7. The gas is decomposed by 
hot mercury, copper, silver, and iron, giving 
sulphides ; by hot giving Na^S, Na-CO^, 

and C. -11 

Carbon selenide. Caibon ano selemon do 
not combine directly. No definite compounds 
have been isolated. Batlike obU^ned a liquid 
which probably contained about 2 p.c. of a 
selenide of carbon (along \yith CCl,), by heating 
selenido of phosphorus with moist C(’<1, (r. 

152,181). , .. 

Carbon, sulphides of. Carbon (tisiilyhide, 
CSo, iii atwell-markod e< inpound. A moiio- 
BulphJ^e, ^S, probably exists. Acefirding to 
Ldw a sesquisuli)hide, C.B 3 , can bo oblianod 
by the action of Na amalgam on CS. {A. 

, 9, 173 ; 10, 20). When sodTum and CS. react 
a* red-brown solid is obtained which accor<.yng 
to Baub has the compfsition C„S^ {C. G. 

1870.579). ^ T • 

Cabbon monosubphide. Cs. Mol. w. un- 
known. S.G. 1*66. CS 2 was exposed to sun- 
light for 2 months in a U tube of fspecial 
construction; the solid which had formed on 
the walls of the tube was removed by water, 
washed with CS.^, and dried in H (Sidot, C. R. 


69, 1303 ; 74, 180 ; 61, 82). CS Is a red powder ; 
insol. in water, alcohol, turpentine, and benzene. 
Somewhat soluble in CS, or ether. Dissolved 
by HNOjAq, not by HClAq or H^SO^Aq. At 
200° gives 0 and S. Heated with S gives OSj. 
CS -is twt produced by loading CS* over hot 
carborf of pumice, by l^^ating Sb^S^ with 0, by 
reaction between CO and H^S., by reaction 


betwe^m CO and 11. . 8 , by reaction b^woen 
GH, and SO. or S,CL, Hy heating 
b^’ hoaliiig Fo spiral in CS.^, by electric^ sparks 
through CS., or by reaction between CSCl.^ and 

hot CU. n A 4 n\f\* 

■ Jilfcrences. — Baudriinont, C. R. 44, 100 ; 
i Berthclol, J. IHol). 83; Phis fair, 0. J. 13, 248; 
i Buff a. }hd!ni'nn, A. 113, P 2 '.> ; Ilcrmann, J.pr. 

I 79,448; llusemann, J.. 117, “2*29; Kern, C. N, 
j 33, 253; lUithke, A. 107, 195. 

i Caiitiox DisurAMiim*:. CS.» {Thiocarbonic 

■ aulnidridc.^ Sulphocttrl-omc acid.) Mol. w. 
75-93. [c. — 12 j (Wartha B. 3, 80). (46-04° at 

: 760 mm.) (Thorpe, G. J. 37, 362; references in 
! this i 3 apcr to other determinations). S.G. £° 

; 1-29215 (T.). V.D. 38. S.H. (liquid; 14°-29°) 

' -2168 (Schiiller, P. Ergzhd. 5, 116 ; 1 ;. also Him, 

: A. Ch. [41 10, 63 and 91). S.H. p. (equal mass 
'of aii--=l) *1560; (equal vol. of air = l) *412 
I (Kegnault). G.K. r. Thorpe (Z.c.). [C, S'^J const. 

prcss.= — 26,010; const. v'ol.= —25,430 ; liquid 
i = - 19,610 ; [CSh O’J = 265,130 (Thomsen). 

' For table of vapour-pressures from 0° to 60° v. 

; Bamsay a. Young, C. J. 47, 653. /xa 1*60.59 ; 
i fjui 1-6729 (at 13^’) (Kundt, IF. 4, 34). For 
: reljitions between volu^ne as gas and pressure 
i V. Horwig, P. 137, 1' '"; 141, 83 ; 117, 161. 

: Oir »r?-cn. .'.—Iircriu’o len^ale', and in mus- 

tard oil. First prepared, in 1796, by liampadius, 
by heating iro)i sul]>hide with charcoal. Com- 
position w'as long un(;'‘rtain. Clement a. Dcs- 
i ormes {A. Ch. 42, 12J) regarded it as a com- 
; pound of C and S ; it*wa? also thought to be a 
; comx)ound of S and Hf and at other times of C, 

: S, H, and N. Coihi>os’i|iou cstablisnod by Vau- 
' qiifd in, Berzelius, and Mareed., in 1812 {v. G. A. 
i 28, 427 a. 453; 48, 177 ; S’. 9, 284; A. Ch. 83, 

! 252). M ^ 

h'^'rynation. — 1. By heating S with excess of 
C ill a iiorcelain tube, condensing product in 
.,v<!ssel surroundi'd by cold water, shaking with 
; KaOHAq, drying by CaCI.^, and distilling 
' water bath.— 2. By lieating C with a metallic 
sulphide which gives olf S at a high toinpera- 
' tur.*, '.g. CiiS or Sb.,S,.— 3 By heating wax, 

■ su- ar. r esim *0., w'itb S.— 4. By beating (PN)2S. 
5. ily heating CCl, with 1\S, to 290° m a closei 

' iVe/iay-nZimt.— C' nirnercial CS . is distilled off 

quicklime at 60°- TO b iving a little uiidistilled; 

; the distillat:. is shak.n in cent ait with powdered 
I K.Mn.C,,, abe A .5 grams to 1 litrii CS.^, for some 
i time (to remove H .S) ; it is then decanted and 
; shaUen thoroughly with Hg until fresh Hg is 
Lnot blackened (various S compounds, are thus 
Lremovod); the liiiuid .A jibnrod off and again 
shaken with IIg,SOAq fabt. 25 g. salt per litre) 
until a few drojis leave no trace or badly smell* 
iii'» residue when allowed to evaporate on filtei 
paper ; the CS, is poured off, allowed to stand 
in contact w'ith CaCl.,, arid then distilled (froiB 
a water bath) directly into the bottle in which i1 
is to be preserved. It is kept in perfect naxV 
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neea (Obach, J.vr, [2] 26, 281 ; for other me- 
thods!?. Sidot, d B. 69, 1303; Friedburg, B. 8, 
1616; 9, 127; Millon, J. 1868. 928; Clo6z, 
a B. 69, 1366). 

Properties. — Colourless, limpid, highly re- 
fractive, liquid ; ethereal odour when quite pure; 
vapour oven when much diluted is poisoi^us, it 
stops fermentation (i?. Oloez, C. R. 63, 186). 
According to Wartha {Ti. 3, 80 ; 4, 180) CS, may 
be solWifnjd by placing a small (juantity ib the 
vessel of a Carr6 freezing machine, exhausting 
the air, and then opening tlie stopcock while 
continuing to exhaust ; in large quantities solid 
eSa is obtained by mixing with absolute ether 
and oxliausting the qir by a Cafr6 machine. 
Wartha also obtained a snow-like solid by blow- 
ing dry air thr6ug)i CS.^ at the iV<linary tein- 
peraturoi according to ilallo {B. 4, 118) this 
body is a hydrate of ; Beitholot {A. Ch. 
[3] 46, 490) and Duchiiix (C. R. 6 V- 1099) ob- 
tained such a hydrate (probably 2CS.,.II.^O) by 
evaporating CS., in moist air (v. also Venables, 
A7n. 6, 16). CS^ vapour is very easily inllain- 
inablc, ignition-temp. 119'^ (Frankland, C. N. 
6 , 3), 170^ (llraun) ; with air or () it forms a 
very explosive mixture; mixed with NO and ig- 
nited it burns instantaneously with production 
of white light rich in actinic rays (u. IJertholot, 

A. Ch. [3] 49, 486 ; Berzelius a. Marcid., S. 9, 
284; Frankland, C. N. 6, 3; Sell, B. 6, 733; 
Dclachanal a. Mermel, D. B. /. 211, 183). 
Water dissolves about yy',;., of its weight of CS.^ 
(Sestini, C. 1871. 473); it is miscible in all pro- 
portions with alcohol, ether, ethereal ami fj^ty 
oils, and liqui<l CO.^ (?;. TuHvjiclnnidta. Kolhmius, 

B. 4, 683). CS.^ IS a solvent for fats, resins, 

gulta pcrcha, alkaloids, I, S, P, <tc. {v. Lieher- 
inanii. B. 12, 1291; Gore, P. ill. [I] 30, 414). 
According to Sidot, CSjj is slowly changed in 
sunlight to CS and S (u. atite, Cauuon mo.nosul- 
piiinn). • , 

Reactions.— 1. Heated^ strongly CS.^ gives C 
and S (BcrtKelot, Bl. [21 11, 46fe^; Bull a. ilof- 
imfnn, .4. 113, 129).~2. in air O to 

COjj and HO^. — 3. Decomposed by many metah; 
Fe is said to give CS at ord. temp. (Kern^C. N. 
33, 253 ; v. also IMerz a. Weitb, Z. 11, 61«) ; Cu 
at 2()0'^-260^ forms Cu..S, S, and C (M. a. W.) ; 
K gives a sulphide ami C; Na at 110'^-160^ 
forms Na.^S and NaXSj, the latter body reaets 
with dilute HClAq {o produce IPCS., (IjO'v, Z. 
9, 173 ; 10, 120) ; Na amalgam according to J iow 
(Lc.) gives C.^Sa, according to Baab {N. R. B. 19, 
449) C S., {v. also ih'i nianx, J.fjjr. T9, 448; 
‘KeichhCi G. 1880. 420; Giiignety JH. J861. 
111). -4. Hf/v^rogt'n, wlicii passed with C8._. over 
heated Pt black, produces ll^S andC; nascent 
H (Zn and llClAq) forms ll.^S and (?) 0._,lI,S^(w. 
Vernon Ilarcourt, C. 2^>, 267 ; Cossa, B. 1, 
117 ; Girard, C. R. 43, 396 ; Beequerel, C. R. 
66, 237).-- 5. Chlorine reacts wUh dilTerently 
according to tlie conditions : dry Cl at ord. temp, 
gives S.^Cla and CCl,; moist Cl, or MnO. and 
HClAq, or other 01 producer, forms Il/lO^, 
and CSCl,, (Kolbe, 45, 41); Cl and CH., 
passed throu^'n a hot tube give SXl, and CCl, 
(K.) ; Cl passed into boiling CS, containing a 
little I forms S.,C1.„ CC1„ and CSCL (Midler, C.J. 
16, 41) ; the same products result by action of 
ICl, (v. Weber, \V. A. B. 1866. .348; Ilannay, 
i\ M 37, 221).— 6. Chlorides which readily give 


up chlorine react similarly to Cl : M0CI5 and 
SbClj give CCI4 and SjClj, SbClj also producing 
SbCljS which s4)arate8 into BbCl, and S 
(Aronheira, B. 9, 1788; Hofmann^^. 115, 264; 
Husemann,^ A- IW, 229) ; PCl^ forms CSCl, 
(Carius, A. tiS, 193), or according to Kathke 
{Z. 13, 67) CjJl,and PSCI3 (at 100*^).— 7. Bromine 
reacts in pr«^sence of I or SbBrg ; 2 parts CBj. 
14 parts Br, and 3 pijrts I, heated to*150° in a 
closed tubo form CBr,|(Bolas a. Groves, B. .3, 
608 ; V also BerthOlot, A. Ch. [3] 63, 146). 
Hell a. Urech describe a compound C.,Si,Br^ 
obtained by slow action of Br and CS., and sub 
sequent distillation [B. 15, 273). — 8. Water, in 
presence of air, oxidises CS., slowly and partially 
to CO.,Aq and SO;,Aq (Berzelius) ; hooted to 150^ 
in a closed tubo from 3 to 4 hours, CO.,Aq and 
H,SAq are formed (Sohlagdeuliaulf«i, J. Bh. [3] 
29, 401); evaporated in 7}ioist air a hydrate 
(?2CS.,.ir.,0) is said to be formed {v. Properties),. 
9. Warmed *vith sulpharic anhydride, COS, 
SO.,, and S, arc produc.j.'d (Armstrong, B. 2, 712). 
y). Mixed with CLLrbun dioxide and passed 
tlirough a hot tube, or over hot Pt black, COS is 
produced (Winkler). — 11. Passed tlirough a hot 
tube with sulphuric uci</, CO, SO.,, H,,S, and S 
are formed (W.).- 12. Many metallic oxides 
when heated witli CS., react to form sulphides, 
sometimes also carbonates (Schlagdeiihaulfen, 
J. J^h. [3J 29, 401 ; Miiller, P. 127, 401 ; Fremy, 

C. R. 36, 27).-- 13. Oxidising agents, e.g. KN.Oj 
or K.,Mii.,0„, ge.nerally produce CO., and H,SO„ 
sometimes CO, and n,S ; As,,Oj„ Ah,, 0-,, (and 
sails of these) produce As,S, {v. Scblagden- 
hiUilTen, l.c.\ Cloez a. Guignet, C. R. 46, iilO). 
14. Boric acid and tjorates react at red heat 
to form B,S3. — 16. Sulphuretted hydrogen mixed 
witli CS, and pa.ssod over hot Cu produces (JIl,. 
16. x[lkalis in l.qneous solution form carbon- 
ates and thiocarbgi;.iates {v. tiikxjaiuionates, 
imd(!r C.vuiioNio acid, Ao.) ; alcoholic potash fo^ms 
K xaiitliivlra C,H,O.CS.SK. — 17. Ammonia 
reacts wipi CS., probably to form CS(islI,)., and 
(Nllj'i.CSg (fjauront, A. Ch. [3J 22, 103; Zoute- 
vecn, C. 'C. 1870. 821); CS,, and Nil, passed 
through a hot .ibe, or CS, lieate.d in’ a closed 
tube with alcoholic NTly, produce H,S and 
nCNS; alcoholic Nil, at ord. temp, forms 
(N 1 r,).,CS.„ (N.I1JCNS, and CS.N H...SN 11, (Debus, 
A. 73, 26i V. also Millon, J.Bii. [3] 38, 401; Ilof- 
maim, J. 1868. 332) ; NIIyAq form (NII,,).,CS3Aq 
and NTI,.CNSAq. 

Comhin-atfims.—l. With mnny ynetallic sul- 
phUles to form thiocarbonates {g. v.). — 2. With 
various ammonia derivatives', e.g. NMe3.CS,. 
3. With si}ic ethyl and methyl to form 
ZiiRtJt.CS.,1 and ZnMe,,.CS,„ respectively.— 4. 
\With\rieUiyipliosphinG to form P.Bt3.CS,. 

Analysis. - Sulphur, by heating fa ac, glass 
tubo^with Na,C03 and a little KNC',, and esti- 
mating sulphates produced, as BaS04. Carbon, 
by burning with PliCrO^ as jn organic analyses. 

Detection a^id Estimatum, — Small quantities 
of €S., may be deli^cted by adding alcoholio 
solution of potash, whereby K xanthate 
(C.Jf^O.CS.SK) ik formed; on now adding so- 
lution of a copper salt a yellow pp. is pro- 
duced (Vogel, A. 86,369). This reaction U 
applieiT to liquids, c.g. mustard oil, by distilling 
a little in a current of air into alcoholio potash ; 
coal-gas may be tested by passing through 
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aleoliolio potash. A very delicate reaction ts to 
bring the CS.^ into contact \\jth PEt., when a 
characteristic ^rmine-red coiiipound, PRtj.CS^, 
forms ; it may oe crystallised^from ether. This 
reaction may also be applied fbr tliA /Estimation 
of CSo (Hofmann, B. 18, 1782). CS.. is some- j 
times determined, c.j;. in xanthates, .standard- ' 
ised CuSO^Aq (Grcte, B. 9, 921) ; thycarbonatos | 
may be coi^crted into the iMi salt (by addition 
of Pb acetate), and this #iay bo doeomposed by 
boiling \\4th water, and the OS., led into wcif^lieil 
bulbs containing alcoholic potash (Dolachanal 
a. Mcrmct. B. 8, 1192). ^ 

Carbgn, sulphochlo rides of. 

I. Tiiio-CAimoNYL ciiLoiiiDE. CSCl... Mol. w. I 
114-()9. (70a). V.D .57*5. 

Formation. — 1. iJy reaction between Cl and 
CSo. — 2. Bylitating CCl, with S. — 8. By passing 
CCi^ and through a hot tubo(Kolbe,.l. 45, 1 1 ; 
Oariufl, A. 118, 19.8; MiiUer, C. J. 1.5, 11; 
Gustavson, B. 3, 989). * 

Preparation.—To dry about -2 p.c. I is 
added and dry Cl is passed In (a reversed con-, 
denser being attac4icd) until the volume of 
liquid has increased by about The whole is 
boiled with v^ater (to Remove S._.C1.); separated 
S is removed, water is separated, Ihc liquid is 
distilled from the water-bath wliercby (T-l, and 
CSj distil over; the residue is then distilled till 
a thermometer in the liquid reaches 175'^ ; the 
distillate is fractionated, digested with water to 
remove SXl.j, dried, and fractionated. About 
H20 g. CSOl^ (“U. infra) are thus obtained from 1 
kilo. CS.j ; very finely divided silver (by reducing 
AgCl) is then added little by little (the liquid 
being kept cold) until the whole of the liquid is 
soaked into tb silver ; it is then distilled, the 
distillate is shaken with water remove traces 
of SoClj, dried, and fiactionatoi# (Hathko, Ji. 3, 
8.58). The reactions an* (1) 2CS. i .501,.=::: 
2CgCl,, + S,C1./, (2) CSOl^ + 2Ag - 2AgCi -i- CSCl... 

Proper ^es and Reactions.— lim- 
pid, liquid; penetrating odour, roseml^'ug. that 
of COCl.^; fumes in air. Exposed to light and 
then to a low temperature, large colourU^ss 
crystals o*f a polymeride, nCSCL, sepanite; 
this body is unebar^ged in airf molts at 112-5'^ ; 
is volatilised in steam ; at 180^ in a closed tube 
it gives CSCl,. 

II, TirioNvn PEUcnnoaiPR. CSCl, (Kathke, 

B. 8, 8.58). Prepared by action of Cl on CS.^ 
(i;. Tuionyl ciiLoKiDK, Preparation). A clear, 
golden-yellow liquid ; vapour caused free Mow of 
tears ; B.P. 140°-147°; S.G. 1*712 at 12*.S‘’. De- 
composed, slowly by moist air, quickly by heat- 
ing with water to IGO^, to CO.^, llCl.-Vtj, and S. 
Heated to 200" is decomposed "to (8.11 ‘and 

a little CSg.,. M. M.'P.^L 

OARBOCaTES V. Carbonic acid, CA-^noxAiK.s, 
and Thio-c^bonates. • 

CARBON TETEA-BROMIDE v. Tetka-huomo- 

MKTHANK. • • 

DI-CARBON-TETRA-CARBOXYLIC ACID v. 

Ethylene-tetiu-carboxyltoi acid. * 

CARBONIC ACID, CARBONATES, AND 
THI0.C«B0NATES. • 

Carbonic acid. A solution of CO,., in watgr 
probably contains carbonic acid, H.EOa* The 
chief reasons for this statement are aS follows. 
The mass of COjj dissolved by water at ordinary 
temperatures and small pressures (less than 


j 7150 mm.) varies as the pressure. But at pres- 
' sures of 2, 3, pr more atmospheres, the mass of 
CO2 dissolved is less than that calculated by the 
I law of Henry a. Dalton. Kbanikolf a. Longui- 
nine (A. Cli. [4] 11, 412) give these numbers: — 

P == pressure in imn., a - vol, of CO., (measured 
at 0" a^id 790 mm.) dist^olvi'd by 1 vol. water 
at :^bout 1.5". ^ 

P. a. P. a, 

(•.9V71 0*9141 *8*1 '“>4 

• 809*08 l*l(;i9 ! 2:{(.!>(V2 8*18,57 

12S'Hl 1-8017 25,51-0 .8 7152 

1109-95 2*1028 278S■:^8 4 0081 

2002-OG l^-OOTG ; ■ 8109*51 4*500G 

j When the pressure is deen'esed (o 7l>0 mm. over 
wah-r saturated with CO. at pr. ssnres gioater 
than 7(8) mm. most of the CO ■ cs<‘apes, at first 
I rapidly, then slowly ; the last iiaees of CO., can 
he romov<'d placing the water in racuo, or by 
i long-continue<l boiling, ^fagnesium re.acts with 
a solution in water of CO. to form MgCO;, and 
J1 ; the quantity of H evolved is almost exactly 
that calculated on the hyiiutln hs that the re- 
action is 1 [.CO;,A<i -I- IMg - MgCO., I 11,^ (Hallo, B. 

: 15,8008). Water holding in solution Na.EO,, or 
' K.CO3 dissolves considerably more CO.^ than 
pure water; NallGO., (or KIICO..,) is produced 
(Ballo, I.C.). Mg re.aets with aqueous solutions 
of NaJlCOg or KIK'O,, to form MgCO’„ K. (or 
NaJ(X).,, and H (Hallo, Le.}. .Vqueoiis solu- 
tion of bo., turns blue, litmus wine-reil, the hluo 
colour returns on ex})osui*e to air; blue litmus 
i in |^ont:ict with CO. at pressures of 11 to 2 
; atmospheres become^ ,^rmilion-red {.Malaguti, 
A. i'h. [8] 37. 20(‘^. WJien CO. dissolves in 
! w.ater, beat is produced; fCO'.Aij] - 5,880 (T/i. 

I 1, 2Gt)). This solution reads thermally with 
! alkalis as a diba.sic acid ; thus ('riionrseii) — 

n [CO'*Aq,nNa011AqJ 

1 Ml'oiG 

2 ^ •20,084 ^ 

I The thermal value of tlie^seeoiid formula-weight 
I of NaOlI (9,008) is considerably loss than that 
I of the Jirst (li,01G); in this respect carbonic 
acid bmiavos like sulphurous, selenious, boric, 

; ae,id, Ac. ({’. Aoid.s, basicity 01). WJien moist 
^CO. reacts with KOlf, K..,CO,, is obtained; 
from this a great many carbonates may bo 
formed, the comjiosi' ion of which is that of 
metallic derivatives of a diliasic acid H^.COa. 
The aq oous solutions of earboiiates are ilecom- 
]K»se , hf ahrtf).st tMl acids, not by llON^q or 
II.JlD.,Aq; Ticncc the aijlnUy of e.arbonic acid * 
is sm;iil iv- Aki inity). JJut solubb^silicates are 
at OMCO decomposed I y C(XAq, .'ind even in- 
: soluble silicatv-s c.;,. of Ca, A I, Ac. are slowly 
decomposed by moist CT.V. Tlio sulphur ana- 
' logue of carbo '.ic acid - lECSj-lias been iso- 
lated. EinaHv 'Various derivatives, both of 
j C(J(()Ii)., and C‘i(Sll).i are known; viz. CGCl.,, 
j j?COHr..)', CO(iNH..).., COS, CSCL, CS.NIL.SH, 
!CS(NIL).,. ' I . • ' 

Cabbonates. Nor, i4i9 carbonates have the 
composition M./IO;, or ^tCO;,. Certain acid car- 
/irmaA’s, MfiCO.,, have also been isolated; very 
few of tlieso are known as definite solids, the 
- principal are when M «=: Na, K, Nil* (? Tl). Some 
insoluble normal carbonates, c.g. Ba, Mg, Fe, 
dissolve in water saturated with CO,,; ft a 
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pressure of 4 or 5 atmos. acid oarbouates are 
probably formed. Many *basiQ* carbojuites 
exist ; these are most simply represented by the 
general formula a;MO(or Mj,0a).2/C0.^.xHj50. A 
few double carbonates are also known, usually 
compounds of alkali carbonates with others, e.g. 
(NHJaCOs.MgCO:, ; K,r0,.NiC03.4H,0. .Several 
ethereal carbonates trie known, derived from 
the hypothetical ortlio-carbonic acid C(OH)4; 
e . g . <^015.1)1, C(OPji)4 { v . Carbonic ethersI. 

Formation. — 1. 13y reaction between metaljic 
oxides or hydroxides and COj in presence of 
water; the oxides which act as weak bases, 
'Fe^Oj,, AljOj, Ac., do. not combine with CO.., 
when dry. — 2. 13y pi^Ji. from solihions of salts 
by alkali carbonate solutions ; only the salts of 
BaO, SrO, CaO, Ab'Pi and yield normal 

carbonates; other salts give basic carbonates 
containing less CO.^, relatively to MO, the weaker 
is the oxide MO, and the warmfr and more 
dilute is the solution ; salts of such weak bases 
as FeaOj, Al^O,, and SnO, give pps. of hydrates 
free from CO.^. -- :h By strongly heating tlio 
alkali or alkaline earth salts of organic acids. — 
4. In some cases by reaction between CO.^Aq 
and a metal ; e.g. Mg, Fe, Zn. 

Solubility in wafer. — Carbonates of Na, K, 
Rb, and Cs, are easily soluble in w’atcr ; car- 
bonates of Li and Tl are much less soluble; 
other carbonates are nearly, or quite, insoluble. 
All carbonates are soluble, to some extent, in 
water in which CO.^ has boon dissolved. All, 
except those of NII^, lib, and Cs, arc insoluble 
in alcohol. . « 

lieactions.~l. All ckrbonatcs, except those 
of the fixed alkalis, are wltilly or partially de- 
composed by heat alone; llaCO;, begins to 
decompose only at a full white heat, SrCO;, at 
beginning white heat, and CaCO., at full red 
heat ; Ag.COa gives up CO,^ at 200'^, and at 250'^ 
the Ag.p gives off © av.d leaves Ag; MnCO^ 
heated to 200*^-300° in av' gives M nO.., and C().„ — 
2. IleatcdHn steam aJJ carb’or.ates are deconi- 
X>bsed to hydrates and CO2 (v. Hose, 1\ 85, 
tM) a. 279). — 3. Carbonates are decomposed by 
aqueous solutions of most acids at ordinary 
temperatures with evolution of CO.^; vICNAq 
and H.2B304Aq, however, do not decompose car- 
lx)nates. — 4. Solid carbonates arc dccomiiosocj 
by heating with solid baric acid^ silica, i)olassium 
dichromate, and some oilier salts. Sulphuretted 
hydrogen reacts with many insoluble carbonates 
suspended in water, e.g. of 8r, Ba. Ca, Zn, Mg, Jji, 
to fgrni sulpliidcs and CO.^; tl*5 cll*<\nge pro- 
** ceeds the further tlic more watfr is jircsent 
(Naudin a. Klontbolon, C. Ti. 83, 58).— 5. The 
more stable carbonates when heated with carbon 
give CO. — C. Alkali ci^rbonates healed in phos- 
phorus - vapour give yhosphates and C. — 
Aqueous solutions of acid carbonates do not 
usually affect the colour of li9inns ; they give an 
alkaline reaction with rosoJic acid. ^ 

Detection and Estimatim. — Usually detccteij 
by decomposing by#an^.cid and examining actiop 
of gas evolved on CdAAq. Usually estimated 
by decomp(ftiiig weighed quantity by acid and 
determining COj by loss. 

Aluminium carbonate. Existence doubtful. 
Pp. produce^ by alkaline carbonates with A1 
salts variously formulated ps a highly hydrated 
basic carbonate (Muspratt, C. J. 2, 20(5 ; Lang- 


lois,' A, Ch. [3] 48, 602 ; Wallace, 0. OdKette^ 
1858. 410) ; as ty compound of A1.20(,Hs and a 
small quantity ole the carbonate employed, 
A1.2(HO)e + 2NH^HCO, (Rose, E. 41. 462); 
and as pufo|^1.20B?Ifl (Barratt, G. J. 13, 100). By 
Wibain and Jffenoul the pp. in the cold is said to 
be 2A1.,03 .(i 0.,.8H.20 and to decompose about 30® 
(C. ii:. 88, k33) (u. also H. Hose, P. 91, 460; 
Parkinann, S. 62] 34, 324). • 

Ammonium carbon%tes. Three definito salts 
seem to e.xist, the normal, the acid, anoi the scs- 
qui, carbonate (Divers, C. J. [2] 8, 171). The 
last is sometimes regarded as a compound of the 
first and second (Dcvftle, C. li. 34, 880)^ Divers 
considers the compositions of the three salts to 
be : « 

Normal carbonate, 2C0o.4NH.,.4H.20. 

Sesquicarbor^te, 3CO._;.4N H3.4JC2O. 

Acid carbonate, 4C()2'4NU;,.4H.20. 

Hose’s hyperacid carho)Uite may be the fourth 
term of tliisSieries. 

I. Normal carbonate (Nri^).^©,.!!^©. Pre- 
i^pared (1) by adding^ cxcoss of NH;,Aq to a warm 
‘ cone, solution of the commercial carbonate; (2) 
by warming water with the ordinary carbonate, 
and allowing solution to* cool and- crystallise; 
after this has been done repeatedly the cold 
mother liquor from the last crop of crystals 
deposits normal carbonate. Large elongated 
|)lates, freely soluble in water, insol. alcohol, 
j sparingly sol. NrL,Aq. Decoriiiioses in air tc 
■ NllJICf);,, witli evolution of NII^, and at 85® to 
I NH.„ GO..!, and JLO. Is converted into carbam- 
1 ate by digestion in closed vessel at 
i II. yl C'LZ car 5onafe NIIj.IICO.,. Occurs in 
j guano-deposil.s (TJlo5^, A. 61, 41). Prepared by 
' saturating NH^Aij, or solution of MH, sesqui- 
carbonate, with CO.,, and drying over H.SO* and 
iKOll. S. (O'/ll'O; (Un 15-85; (20°) 21; 
(:5()°) 27 (Dibbits, J^^pr. [2] 10, 417). This is 
the stable salt to wliich the other NH^ ca\;t.on- 
ates are /converted. Large, trauspa^uit, trime- 
trie ci^^itals. Dimorphous, but never isomor- 
phous willi KllGO., (Dovillc). Solution at 30° 

I evolves CO. ; even at ordinary temperature un- 
i stable in solution. 

III. Sesquicarbonatf. 
(NHJ.^C03.2NH^HC0;,. By slowly heating the 
commercial salt till melted and then cooling; 
or crystallises from warm solution of the eamo 
salt mixed w’th NIlaAq. Large transj^aront 
crystals, losing H.,0 and NH3 in air and 
giving NHjrtCO:,. S. {ia°) 25 ; (IT") 30; (32‘>) 
37; (41°) 40; (49°) 50 (Ber/.olius). Solution 
easily decomposes with evolution of CO.^. 

Another carbonate — (NlI,),CO,— ap^iears to 
exifcfu in the mother-liquor from the preparation 
of the sosquicarbonate (Divers). 
dal carhmate is probably BNIlj. 
gcqcrally contains 1 p.c. H.U in 
formula, and a little ammonia. Prepared 
(1) by dry distilltition ot animal matter and 
subseqifeiit purification by rcdistillation with 
clAircoal ; (2) by hq;^.ting to redness NH,Cl an^ 
CuCO, in retort with receiver. The f«rst pro- 
ducts are II.X) rfud Nil, carbamate, subsequent 
distillation jjroduces the commercial carbonate. 
A wh^te, transparent, fibrous mass, with strong 
ammoniacal smell, volatile, but not without 
some decomposition. Solution strongly alka- 
line. 
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Bftrinm carbonate. BaCO,. By idding 
(NHJ^COgAq to BaCljAq qp Ba(NO,,).^q; or 
NajGOsAq t(^BaSAq ; or (^pure) by strongly 
heating a mixture of B|i,S04, charcoal, and 
E.^CO„ and extracting th9 K.^% fbrmed with 
water, leaving BaCO,. S. = 0 ; m water satu- 
rated with COo at 4 to 6 atmos. pmssure S=*75. 
The salt remains in solution at jprdinai*^ pres- 
sure, but^s completely ppri. on boiling (Wagn»*r, 
J. pr» 102, 233 ; J. 1861i 135). Found native as 
WitJioite. This mineral •an be obtained arti- 
iicially from amorphous BaCO., by crystallising 
from fused KCl and NaCl (Bq^irgeois, J^L [2J 37, 
447). ^ A soft white poisonous powder, easily 
soluble in solution of NH,C1, NJI,NOa, or am- 
monium Bieceinate. Above red licat in presence 
of C it yields BaO and CO,. Dccomiiosod at red 
heat by aqfioous vapour especially in presence 
of chalk. Yields BaSO^ when shaken with 
K2SO4 or Na.^SO^Aq, an I is com^^lotely decom- 
posed by boiling with NH^ClAq. 

Barium acid corh(wht\ 2BaC0;,.C0.2, de- 
scribed by Boussirigaul!: (A. Ch. [2] 20, 2t^) 
but Hose thinks ilf cannot exist except in solu- 
tion. 

Beryllium carboftata. A compound of vari- 
able composition is obtained by exposing 
Be(HO).2 to air, ppg. beryllium salts with alka- 
line carbonates, or boiling solution of double 
Be-NH, carbonate. The composition of pp. by 
last method is SBeO.COj.On.p (ScbalTgotscb). 
Decomposed by boiling water, soluble in alkaline 
carbonates. The salt BcCOa/lH.X) is obtained 
by passing CO._, through water containing basic 
salt in suspension and evaporating over 
in atmosphere of CO.^. 

/ BeryUhrn ammoiiiimi carbonate. 

' 2(BcC6,/NII,).,C0,).Be(II0)m,0. By dissolv- 
ing BeO in cone- AnioCO;,Aq ad^gentle heat, then 
■ boiling till solution bec#»',i03 cloudy, tilteririg, 
omd adding cone, alcohol ; crystals are drained, 
washed '^^jth alcohol, and dried by l^^ssing be- 
tween paper (Humpidge, Pr. 30, 11)jNJ^ simi- 
lar method Deville {A. Ch. [3| 41, 5) ontained 
a salt of formula 3(BeC03.(NH,).2C0.,).B«‘(II0)2 
soluble in cold, and decomposed by Ijot, water. 

Bismuth carlwnate. BijOj.CO.^ (Berzelius) 
a white pp. obtained by dropping a solu- 
tion of Bi3NO., into an alkaline carbonate^ 
According to Lefort this pp. contains i HjJ 
evolved at 100°. Ilcated strongly yields 
BiA;^(I^i^)2C0,.2Bi0,IL,.3H.,0. ^Occurs native 
as Bismuthiie in South Carolina.* 

Cadmium carbonate. CdCOj(?) Occurs native 
with ZnCO,. By ppg. solution of a cadmium 
,*.alt with (NH,)...C03Aq. The white pp. is said 
to contain water, which is lost at 80'’-«20-Van<l at 
a higher ^mp. to lose CO., and leave GifO (Lo- 
fort, fT. [3] 12, 78); ll3se (7\ S5p301) says 
pp. is n^'ly reprc.sented by C<lCO;,. JMoist 
Cd{HO)2 absorbs CO,., and at 300° loses all its 
water, leaving 2CdU.CdC03? 

Caesium carbonate Cs.COg. S. alcotiol(19°)-. 
■'.11*1. Ill-defined hydrate^ deliquescent cr^^tals 
Separate from a syrupy solution. On m||;lting 
these leave CS.2CO, as san/fjr powder. Acid 
carboitate, Cs.H.COy, crystallises from a«jpe- 
ous solutions in large prisms. • 

Calcium carbonate. CaCO,. S. (cold) =--00l)4'; 
(100®)»1’13 (Fresenius, A. 69, 117); S. (0° in 
water saturated with 00^) = *07, (10°) = *088 


(Lassaigne, J,Chem. Med. 1848. 812; Sohloo- 
sing, 0. J. [2] 10, 788). 

Occurrence. — Native; in rhombohedra (hexa- 
gonal) as calcspar, S.G. 2-09~2-75 ; and in right 
rhombic prisms (trimitric), S.G. 2-92-3-28, as 
arragonite ; also abundantly as chalk, limestone, 
&c. formed when hydrated or anhydrous CaO 
is exposed to moist fnr ; but not by action of . 
COo on dry CaO. 

reparation, — 1. By* ppg. Qp,ClAq by 
^NHJ./JO.,Aq. From not too dilute solutions 
below 30°, it is ppd. entirely as calcspar ; 
above 30^ the pp. conlains arragonite, in 
gradually incronsijig quantity as the temj). risd^, 
until about Oil’ tlu’ i»p. m almost entirely arra- 
goiiite. CaCO, wbieli sejiarates as calcspar 
from a cold,4jot too diluh*, ,si(lutinn of the acid 
carbonate, is d('posit»*d partly in arragonitic form 
on addition of a very little I’hCO^, CaSO^, or 
SrSO, (Crwhier, J. /. 'Mineral. 1^71. 288). The 
arragonite tends to change to calcspar form if 
left under cold solution. Can be obtained in 
form of calcito from ppd. carbonate by crystal- 
lising from fused NaCl and KCl (Bourgeois, Bl. 

[2J 37, 417). 

J*roper(ics and licaciionft. — Tasteless, white, 
slightly alkaline; easily soluble, when recently 
ppd., and to a certain exh nt even when it 
becomes crystalline, in aqiu'ous solutions of 
(NII,).D03, Nil, Cl, Nil, .NO.,, and ammonium 
succinate. Those salts, therefore, prevent com- 
plete ppn. of eabtimn as carbonate. At full red 
heat is decomposed into CO.^ and CaO. Temp. 
o{| decomposition is lowered by passing air or 
steam over the CaCO.,. In closed tube fuses 
to marble-1 1:e si«)stanco. Boiling ammonium 
chloride solution decomposes CaCO, forming 
CaCU and (NllJ.COg. Sulphur decomposes 
CaCdg forming CaSO, without previous forma- 
tion of 11, ,S (Podacci, G. 1874. 177). The 
sulphur is oxidised af ex])ense ot oxygen of 
water (1^ iignatelli Pelloggio, G. 1874. 536), 
and the form.xtidn of ^nlphuric af#d is preceded 
by tliat of penta- and tetra-tbionic tfeids 
(Bellucci, S. 1874. 179). A salt of the formula 
CaCL2CaCO,.GlI.,0 was obtained by Pelouze 
{Bl. ft] 3, 183). 

llijdrafea : above 30° CaCO^ is ppd. ; below 
30° hydrates are formed containing amounts of 
water (10-27 p.c.) which vary with the temp, 
and time occupied in. ppn. From a solution of 
lime in sugar-water cooled to 0°-2°, a liydrate 
CiiC'kt.OIl.D, decomposed at 30°, is obtained; 
w’lile tfin sr«ne solution at a little higlmr temp, 
yields Ca .51l.p crystallising in rhombohedra, 
S.G. 1-783, dceoin posed above 15*^ even in water 
(Pelouze, Bl. [2] o. l!-;;). Same liydrato found 
by Sebcorer (/\ ;.8, 38'.^) and RnmiiK-lsberg (B. 4, « 
469). A g'datinous^bydratc foi ined by action of 
CO., on CaO md water is described by Bondon- 
neau {HI. ’2] 23| 100). 

A cicl^car bonate CaII.(CO,).j (?) is known 
only in solution ; obtained by passing CO^ into 
cold water contain] ng^uf[)ended*CaCOg. De- 
composed with Bcp ration of CaCOa on exposure 
to air, or more quickly on boiling^ 

Basic carbonate 2Ca0.C02. Obtained 
from CaCOj at a moderate red heat. Hardens 
by action of water, forming, CaCO8.CaO.2H2. 
which is also produced by exposing CaO to 
moist air. This hydrate gives 2Ca0.C0.2%t low 
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red heat, and at stu^g ifei heat giv^s off' 00, 
and H,0 (Fucha, P. ^7, 601).' . , . . "V 

Cerium carbonate ^^Cfe^(C0a)^H;,0 by ex- 
posing Ce^Oa to air or by ppn. •A^’hito powder, 
partially converted oh heating strongly in air 
into Ce.Pg. 

Chrumous carbonate CrCO;,. An amoi^dious 
greyish-white substancej'prepared by heating a 
chromous salt with NaXO^Aq out of contact 
with tire ah' (Moissap, A. Gh. [5] 25, 401). 

Cobalt carbonate CoCO.<. By heating CoCl,. 
with CaCOg to 150^^ in sealed tube for 18 hrs., 
or by dccqniposing CoClj with a solution of 
NaTlCO;, supersaturated, with CO._. and heated to 
140° in a strong vessel allowing sl<%.v escape of 
COg. Light, rose-colourod, sandy powder; micro- 
scopic rhomhohfidra ; not attackcli by acids in 
tlic cold (Sc]iarmon*t, A. Ch. [6J 30, 121)). 

Hydrated carbonates and double 
salts are formed on adding cobalt ^lutions to 
alkaline carbonates. Hot or cold, not too dilute, 
solutions yield a rose-coloured jip., wliich dried 
at lOO'-' is 2CoC().,.3Co(ll())g (Setterberg, 

19, 55; Winkolblecii, A. 13, 118; l\ose, ibuL 
80, 237). Boiling water partially converts it 
into CogOg (Field, C. J. 14, 50); digested with 
NaHCOg or (NU,)IlCO.,Aq yields 30oCO,.H.,0 
(Dcvillo, A. Gh, [3j 33, 75). Hot very dilute 
solutions yield blue CoCO;,2Co(110)gaq. Healed 
above 150° botli pps. give off HgO and CO,, 
yielding CogOg (Rose). 

Cobalt-poUissiuni carbonate 
(CoKH)(COg),M4llgO. Rose-coloured crystals, 
prepared by action of excess of KHCOgAq on 
Co(NOa)g or CoSO^Aq. Vooomposed by water 
(Rose; Dcvillo). Devilled, also obtained 
C0K..(C0g)g.41l,0. 

Gobalt-sodiiim carbonate CoNag(COg)g.4HgO. 
Prismatic, and CoNag(CO3)g.l0Hg6 dark red, 
crystals ; obtained together by the u(d.ion of 
Co2NOgAq on solution* of ^a .sesqaiearbonate 
(Dcvillc). 

Copper carbonate. Unknowmcxccpt in solii- 
tioi»- Obtained by dis.^ilving the i)pl. basic 
carbonate in COgAq at 4-^0 atmosplieres pressure 
(Wagner, J.pr. i02, 233). 

Hydrated basic carbonates. ^ 
CuCOg.CuOgllg occurs native as malachite. Pre- 
pared by ppg. a cupric salt with an alkaline 
carbonate. The pp. at lirst is greenish blue, 
and is said to contain 1 mol. HX) ; left in con- 
tact with li(iuid and washed it lia.s above com- 
position and is dark green. Heated to 200° 
yields malachite. Boiled wifcii wj^fer it yields 
€Og an'tl CuO (H. Rose; Field, C.\T. 14, 71). 
Digested with* (NHd.XOgAq at 48 8° it is con- 
verted into CuCO.,.5CuO, a dense black powder, 
which is also oljtained by prolonged boiling 
CuSO,Aq with Am,H.,fCO,.)3, filtering from 
CuC03.Cu(HO)g, and adding more CuSO, (Field). 
Digested with NaXOg yields Ci|C0.,.7Cu0.5IL0. 

The basic salt 2CuCO:,.CUilHOJ|g occurs 
native as asurite in blue monoclinic*^^ crystals. 
Boiled with vjater yi^ld^ CuO and evolves COg. 
With hot NaHCOg yield! p, blue solution wliich 
after protractifl boilings deposits CuCOg.CuOgHg 
(Field). Prepared artiliciallv by secret process 
(Phillips, A. Gh. [2] % 44). Asurite can be 
formed from malachite at ordinary temps, by 
addition of CO‘ and abstraction of II, ,0 in pre- 
ficnoetoi a dehydrating agent and CO, at high 


temp.* (Weibel, J, fUr Mimral, 1873. 245). 
Crystallised Cu(N(X).g heated with CuCOg under 
a pressure of 54 aSnospheres yields orystalllue 
warty mass of asurite 0ebray). ^ 

Double i^ltsf^ Potassic-cujyric carbonate 
5CuO.KjjO.COg.l0H2O. A dark-blue silky mass, 
obtained by tdding Cu(N03)2 to KIICO,. 

Sodic-cumiic carbonate CuNa.g.(C03).2.6Hg0. 
By action or NaHQOj on CuCOg.CtiOgHa at 
40°-50°. Rhombic prisons. 

G upranivioninni ^carbonate (NHg)jCu.COj. 
Obtained as dark-blue crystals oy dissolving 
basic carbonate of copper in Am.XOg and pouring 
solution nito alcolibl. Water decomposes it into 
Am gCOg and CaCOg.CuO.Cu(IIO)2 (Favre,^2Vnf^<5 
de Cheni. par Polouzo ct Fremy). 4Jso formed 
when CuO or Cu is digested in NIIgAq with access 
of air. • 

Didymium carbonate. Dig(C03)s. A red 
crystalline powder obtained by passing CO.^ into 
water containing suspended DiOgllg. A hy- 
drated carbonate is o^'iincd, as a very slightly 
r^)se- coloured pp., tf?' adding an alkaline car- 
bonate to solution of a Di •salt. Loses § H^O 
and a little CO., at 100°«(Marignac). 

Indium carbonate. In53COg. White, gela- 
tinous pp., soluble in (Nll JgCOgAq, and iq)d. on 
boiling ; insoluble in solution of fixed alkali 
carbonates (Winkler, J. pr. 94, 1). 

Iron carbonates. Ferric carbonate docs not 
appear to exist (Omelin ; Soubeiran, A. Gh. [2] 
41, 320), Double salts of fc.rricnm and alkaline 
carbonates ap])ear to exist in solution, as the 
pp. of ferric hydrate obtained by cone, alka- 
line carbonate solutions gradually rcdissolves, 
whereas pure well-wffshcd Fc.gOJIg docs not 
dissolve in these solutions. 

Ferrous carbonate^ FeCO.„ occurs abundantly 
as spathic ore. tPrepared by methods similar 
to those deseribed f^r CoCOg {q. v.). It is a 
gr(‘yish-white {.Tystallino solid, composed ^f 
minute rlijptnibohedra ; scarcely attacked by 
dilute a/ ',^8, nearly unchanged in dry air. It 
is dai^vcr and less nltorablo the higher the 
temperature at which it has been formed, and 
tlie longer it has been healed (SenarmoAt, A.Gh. 
[3J 30, 129). Spathic iroiistovc dis, solves under 
pn'ssurc in water saturated with CO.g (S. = *72), 
and is deposited as a black amorphous pp. on 
•boiling (Wagner, J. 1867, 135). 

Hydrated ferrous carbonatCy FeCOg.HgO, 
occurs native. Amorphous, white, earthy, little 
altered in air, Scarcely decomposed by acids at 
ordinary tem])S. (Moissan, G. R. 59, 238). The 
liydrato obtained by ppg. solution of a ferrous 
salt with an alkaline carbonate rapidly decom- 
poses on exposure to air. It can bo obtained 
fairly pure, as a greenish tasteless }^wder, by 
ppg. ferriq-froo ferrous sulphate wiWx nermal 
or acjd alkaline carbonates. The smts are dis- 
solved in do-aerated water, the pp. washed by 
decantation out of fiontact.with air, and dried 
in COo. If dry it is fairly permanent ; if moist 
*it gives off IlgO amjf CO, ; but if mixed with 
sugar the change is less rapid. 

i^errousAiydro^cn carbonate. Solution of 
CCL dissolves FeCOg and Fo ; the latter with 
evolutiop of H. 

. Lajitnanum carbonates. La.g(C03)3.8H.g0. 
Found native as Lanthanite in four-sided 
Xdates or minute tables of the trimetrio system. 




The carbonate obtained by ppn. fornia a C st^eili: vessel olosea oy 

gelatinous mass which changes to shining a oi^K 'tbrtfugh.whi^the CO., can slowly escape 
crystalline scales. 2La,(COsf3.15H.,6 ; ppd. by tSenarmontrii^-B.'*28,'^il3) ; (4) By OfarefuUy 
NagCOaAq from La^SSOiAig, and dried ai heating MgGOj'SHCOj. 4&q » 200'^, and extract- 
ordinary temperature. Micaceouftsiales with ing‘ with water (Engel, M. [2] 44, 355). A 


silky lustre (Hermann, J. pr. 82, 38^. 

Lead carbonate. PbCOa. Occiws native in 
trimetric cnrstals as white lead orf or ceru^ite. 
Has also been found on l^ronze objects from 
Pompeii (Luca, C. R. 8#, 1457). Prepared by 
lipg. Pb(^Oa)aAq with excf«s of alkaline car- 
bonates in the cold (Berzelius ; Lefort, J. RJi. 

[3] 16, 20). According to B^so (.4. 80, 23.5) 
these i^s. are all hydrocarbonates, tl»e ratio 
of hydrate to carbonate increasing with tbe 
temp, and dilution of the solutions. Bodies of 
the same composition are formed by direct 
action of CO^ on Pb(IIO).j, but differ in being 
amorphous and opaque, instead of consisting of 
minute transparent crystalline grai^is. 

White lend is a hydrocarbonatc present- 
ing varieties of compOSBon re])resented by 

(1) 2PbC0,.Pb0..n, ; (2r SPbCOa-SPbOJl., 

3) 3PbCd,.rbO.Jir (Muldor, A. 33, 242) ; 

(4) 5PbC0:..Pl)0,H,“ tPhfllips, C. J. 4, 11)5). 
Prepared b/ (1) hutch method. Thin leatl 
sheets are placed over gallipots containing 
weak acetic acid (2,\ p.c.) ; the pots are em- 
bedded in fermenting tan at a temp, of (J0°-().5^. 
The metal disappears in a few weeks. Oxide 
of ‘lead is first formed, and dissolved by tlie 
acetic acid, forming a basic acetate, and this 
is decomposed by the CO^, evolved from tbe tun. 

(2) PbO is mixed with water and about 1 p.c. 

of Pb acetate, and CO^ is passed over it. 
Pb(N03)y has been used instead of acetate. 
Nearly insol. i i sat. CO.Aq even under pressure 
(Wagner). The ppd. carbonate has S.=-*05 in 
sat. CO Mi. ^ 

Lead - sodium carbon(i^ 2 . 4Pb00;,.NaoC03 
(Berzelius, 1\ 47, 11)3). 

Lead‘C^L:ro-carbonate. A coinpi.tyid of the 
chloride and carbonate of lead is otwlil^'d as 
a pp. by the action of CO., under pressure on 
PbCl., (Miller, C. J. [2] 8, 37'). 

Lithiuin carbonate. Li .COa. B. (0°) - 1 r).;’.} ; 
(50°) = 1*181; (100«) - *728* (Bevade, BL [2J 13, 
123). Found in many mineral waters. Pre- 
pared by dissolving an excess of (NflJ.XX)., in 
cone. LiClAq, and washing resulting pp. with 
alcohol, or by strongly heating Li acetate. 
Not decomposed by heat. Melts at low red 
heat,^ and solidities to a vitremis mass on 
cooling. The solution is alkaline and decom- 
poses NH, salts, hut is decomposed by Ba(JiO)3 
and Ca(ilO).» By slow evaporation the solution 
deposits salt in small prisms. Watew.-atuVated 
with CO2 dissolves it more readily than*puie 
w'ater.* C • 

Magnesram carbonate. MgCO.,. Oi£.U7-s j 
native as viagacsite, in rhomboh* dral crystals 
isomori;)lious with calrspar ; infusible ; dissolves 
slowly in acids. Prepared (1) By sus])e*ndiiig in 
water the w^ashed pp. obtained by addirg solu- 
tion of an alkaline carbonate to solution of IVIg 
salt (which always contains'^gO JI.), passing 
CO2 through the liquid till pp. is dissolve*!, and 
evaporating by heat (Bose, P. 42, BOO) ; ^(2) By 
heating MgSO^Aq with Na.^CO^Aq to 160^. in a. 
sealed tube ; (3) By inclosing a soluble Mg salt 
with an alkaline-hydrogen carbonate, super- 


white crystalline powder, isuiorphous with 
arrago^ite by method (1) ; obtained in rhombo- 
•hedra by (3) ; isodimorplwjus with CaCO;,. When 
moist it is alkaline to litmus. CaBO,Aq par- 
tial ly-fd^coniposcs it, especially in pr^sei^Bo of 
• NrfiClAq (Fleischer,/, p?-. !21 0, 273). Bolublo 
in cold solutions of alkaline borates, ])p<l. on 
heating, but redissolvi-d on cooling (Witl stein, 

. Ar. Ph. :3J 0, 40). JBjdratcs (a) MgC03.3lT.,0.'* 
Hexagonal jfrisms ol)tai*ied by s]H>ntaueoua 
evapovatimi of a solution of !\rgC()., iu excess of 
CO.Aq. Tliej^lose water in dry air but retain 
tlieir form, (3) MgCO.,.51I.X). Transparent 
oblique prismatic crystals obtained by exposure 
of above sedition at a low temp. Converted 
into (a) by exposure to air Ac. Boiled, they 
Yield 'IMgCO.,. MgJL.O.,. 4aq (Fritzsche ; v. also 
Engel, C./l. 101, 814).' 

lli/drocarbonates. As in the case of lead, 
the composition of pp. formed by adding an alka- 
line carllt^nate to solution of a iNIg salt dt’peads 
on projMjrtions, strength, and temp., of solutions. 
A varial)le mixture of hydroearbonales is known 
as macfiu'sia alba \ (a) 4MgC0,.MglI,0.2. laq; a 
whihi granular powiler (for preparation v, Bose, 
A. 80, 234). (/B) :{MgCO,.Mg(l.lO).,. 3aq, occurs 

native as hydromaqnesUe in small white mono- 
clinic crystals (Dana). Brepared artificially 
(Berzelius, Fritzscho) is a white, slightly 
soluble powder forming alkaline solutions. 
Dried at 10'*^ ii>f air it Yields a (Boise). 
(7) 3Mg0.2C().2. 3aq(?) (Fritzsebe, P. 37, .HO). 
Denied by Bose. 

Magnesium hydrogen cai bouata. Mg. 11.(003)2 
(Boubeiran). Obtained by shaking up viagnesm 
alba, witli CO.Aq. Tiie nol. bus a bitter taste 
and alkalii’C leacf.ion* becomes turkid at 75° 
but olejirs on c eiling. HeaO'd to >0 , or eva- 
porated in variio, it yieAls hydrate a (i». svi^) 
(BiTzelius ; Fritzsebe). 

■ 2faaiicsiuhi-annno}Liam carbonate. 
^^g.(Nft,),(C03).,.4I^.,0. Translucent rhombo- 
liedra, from a mixture of cold ^IgCl.Aq, or 
MgBO,Aq, and Nit, sesquicarbonate solution. 

. Mag}iesiuvi - potassia}ii carbonates: (1) 
Mg(lvli).(C().|).2.4aq. In large crystals from cold 
aciueous mixture of MgCl. or Mg(NO^l_, with 
excess of KIICO.,. The crystals at 100' become 
opu .ue, and l%se. l)ecom))Osed by water, 

l<-.aving a ^^-esidue (iMgCJOj.MgH^).. Oaq'* (Ber- 
ztdius); also obtained in oblique uibic prisms 
(Deville, A. Ch. 33, 75) ; (2) MgK,(COJ,, laq by 
digesting maanesi., liba at 00° 70° for 12 to 15 
hours witli KIICO., Aq (l^eville, l.c.). 

Magiiesiuii sodium carbonate MgNa /COa)2» 
Prepared in anhy|lrous microscopic crystals as 
the coiTesnt)iidi'ig K salt. 

^ On sombiiity of MgCO, in CO.Aq under 
j)rcssure v. Merkel {J. 1801. 130) «,nd Wagner 
{J. pr. 102, 233). Oa*F^lubility of MgCO.j and 
CaCOj in solutions of calcium anA magnesium 
salts, and the reactions of dolomite or gypsum 
and m.agnesite in presence of water containing 
COo V. Hunt (/l7u. S. [2j 42, 43). For reactions 
of basic MgCOg and gypsum \tith CO^Aq «. 
Gossmaun {Am. S. [2] 42, 217, 308). 
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CARBONATES. 


Manganese carbonate. MnCO,. S. water- 
■013 ; aqueous COj* *028 (John). •Occurs native 
as diallogite, in rhombohedral crystals, isomor- 
phous with calcite. Prepared by heating 
MnCljAq in sealed tubes to 160'^ with Na.^C03A.q, 
or to 140°-170° with CaCOj for 12 to 48 hours 
{Sonarmont, C. It, 2^ 693). 2MnCO/.HaO is 
obtained by drying iriyvacuo the pp. formed by 
alki^ne carbonates with manganous salts {G^n. 
4, 214; Prior, i<V.d869. 428). Dried in l .ir pp. 
contains Mn^O,. Equivalent quantities cof 
NaXOj and MnCl, yield 6MnC0;,.2MnH.^03 
^{Rose, At 80, 235). MnCO., is a fine amorphous 
faintly rose-coloured -powder. The hydrate is 
snow-white and tasteless. Anhydrous or 
hydrated the ^ salt is pcrmaiimit at ordinary 
temps. Heated to redness iir air it yields 
Mnj04. Strongly heated in H it yields MnO... 
In chlorine it gives dMnCOa + CL- 
MnClo + Mn^O, + 400^; (Wohler). Olorine water, 
or calcium liypochlorite solution, converts it first 
into Mn.,04, and then into MnO.^. Solutions of 
ammoniacal salts dissolve it wlien freslily ppd. 

Mercury carbonates. Mercuric carbonate 
unknown. Neutral or acid carbonate^ of K or 
Na yield brown red pps. 2Hg0.ngC03 (Setter- 
berg, P. 19, CO). Mercuric chloride yields an 
oxychloride. 

Mercurous carbonate. HgaCOg. A black or 
yellow powder. ITg2N()3Aq is mixed with slight 
excess of Na(orK)HCOyAq ; the mixture is set 
aside for a few days and frequently stirred, and 
thepp. then washed quickly, and dried ovorILS04 
in vacuo (Sotterbcrg,'£.c.). Easily loses CO^; 
is converted into HgO by exposure to air ; 
blackened by alkalis wita separation of Ilg 
{Om. 6, 15). 

Nickel carbonate. NiCO,. For preparation, 
V. CoB.\LT CAimoNATE. It is a greenish -white 
powder in minute ^hopibohcdra scarcely at- 
tacked by strong acids at ordinary temperatures. 

JIydr9 carbonates: « « 

-(il NiC03.2NiH._;0...4j?ia0. Occurs native as 
■emerald nickel (Silliman, Am, S. [2J (>, 218; 
Shepard, ibid. 2.50). (2) 2NiG03.3Niir.,03.4IP0 
is the pp. obtained from cold NiSofAq and 
NUiCOsAq, wlicn dried at 100°. Roiled wdth 
water takes up water and loses CO.„ Heated 
4ibovc 100° in air gives off water and CO^, and 
is partly converted into Ni.O^ (Rose, .4. 80, 
237). Not altered by digestion at G0°-70° with 
NaHCOyAq (Deville). The pps. produced by 
alkaline carbonates in soIiiCion.v of nickel salts 
vary with te: -.perature, strength, and' proi)ortions, 
of solutions^ employed. 

Nickel -pofassmm carbonates : 

(1) NiK.,(CO ,).,. 411,0 ; shining apple-green micro- 
scopic needles. (2) NiKD.(C03).,. 411,0 : light- 
green, apparently oblique rhombic prisms. Ob- 
tained similarly to corrcspqpiding cobalt salts 
(Deville). 

Nickel-sodium carbo^ialc, * 
NiNa,(C03);.10H,0 is obtained like the ceba/t 
€alt, in small prisms f^^ville). 

Palladia carbonate. A light yellow pp. is 
formed by adding solution of an alkaline car- 
bonate CO a solution of a Pd salt. No CO.^ is 
evolved at fifst, but on continuing ppn. effer- 
vescence ensues and pp. turns brown. A small 
qui^tity of COo retained when dry (Berzelius). 


Potassium oar1>onates. Two salts have been 

obtained. . 

I. Normal car donate: K^CO,.^ S. 96-2 at 8® 5 
111 at 12° ; 204 70®. The cScnmercial salt 

is prcpai^db by treating the ash of plantSi 
especially of beetroot, with water, and evapora- 
ting. Thef esidue, containing 60-80 p.o. K^CO,, 
is sold as ‘ y^ude potash.* The impurities — KOI, 
K,S04, and a little E silicate— are jfftirtially re- 
moved by digesting jb)r several days with its 
own weight of cold .water, decanting, a Ad evapo- 
rating quickly with constant stirring. The 
small crystals qbtained are washed with pure 
KXOsAq, dried, and heated to rednessJn metal 
vessels ; the product is * pearl ash^ which usually 
contains from 2 to 3 p.c. impuritioe. 

, Pure K^COa is prepared (1) by heating pure 
K oxalate ; (2) by digesting powdfjrcd cre^ of 
tartar with water containing a little HCl, wash- 
ing, drying^, to render silica insoluble, crystal- 
lising from water to remove Na salts, heating in 
a closed silver dish^iigesting residue with hot 
» water, filtering, m^aporating to dryness, dis- 
solving in cold water, evaporating, and repeat- 
ing treatment with c6ld water and evaporation 
two or three times (Sta4', Chem. Proport. 340). 
{v. also Smith, C. N. 30, 234). 

Properties and licaclions. — White solid, 
melting at red heat (83°) (Carnelley, G. /. 33, 
280), volatilised without change at white heat; 
very deliquescent; [K'CO^Aq] = 6490 {TJh. 3, 
198). Solution strongly alkalino; hot solution 
deposits rhombic octahedra K,C03.2H,0 ; 
cone, solution deposits monoclinic crystals 
2K..C0s.3H,0, which at 100° give K^COa.Iip 
(Stiiileler, A. 133, 37l ; Pohl, W. A. B. 41, 630). 
Heated with aqueous vapour is partly decom- 
posed, giving KOII ; heated with charcoal gives 
K and CO {v. DoTAssiuii) ; heated with sulphur 
forms K sulphide sv d sulphate, and COj (Ber- 
thelot, Bl. [2] 40, 302) ; healed in stilphur 
dioxide ‘Vves K,S()4 and traces of ICS (Berthelot, 
A. [5] 30, 547). Solutions, about 1 in 
lOH.O, partly decomposed by CaO.^II.^ giving 
KOllAq ; amount of cliange much increased by 
boiling ; reverse reaction occurs with more 
cone, solutions. 

IT. Potassium-hydrogen carbonate ; KHCO,. 
S. 22-4 at 0° ; 33 2 at '20° ; 45 2 at 40° ; 16*4 
at 60° (Dibbits, J. pr. [2] 10, 417). Prepared 
(1) by passing CO3 into solution of commercial 
normal carbonate ; (2) by passing COg into 
solution olnained by lixiviating residue from 
lieating K-H tartrate in closed vessels, and crys- 
tallising. Properties and Tteactions. — ^Large 
transparent monoclinic crystals, KIICOg.HLjO ; 
soliltionr.has slightly alkaline reaction, and 
givek off CO., on gently warming., (v. Dibbits, 
J. pr. [.2] 10," 417). At 200° give/iceo, and 

cq,. ^ 

Rubidium carbonate Rb^^COs. By ppn. of 
RhBOiAq with BaOAq, , adding (NIIJ^CO, to 
filtrate, ‘“evaporating to dryness, exhausting with 
wSter, and evaporating this solution, indistinct 
cry^stals of RbgCO,. H^O are obtained. Soluble 
in alcohol, sti^Aigly alkaline. Heated, lose 
^p^ater and leave Rb.^COa, as a sandy powder, 
which melts at a higher temperature. In air it 
dcliques’ces, and yields RbHCOa, in glassy pris- 
matio crystals ; permanent in air ; having very 
faint alkaline reaction ; easily converted by beat 
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into BbjCO, (Bunsen a. KirchofI) (melting-ifoint, 
J37® ; Carnelley a. Williams, C. J. 37, 125). 

Samarium carbonate • Sm.^(C0a)3.3H,0. 
Needles insoroble in wat^. The following 
double salts have also bcci^prepffdH. Saina- 
riuvi-ammonium carhonaU^ 

SmNH^(C03).^.2H.^0. Samarium-pch^sium car- 
donate, SmK(C03)jj.6Il20 ; brillmnt needles. 
Santariunfisoditim carbonede, ^ 
SmNa(C0.i).,.8H30 ; a crystalline pp. (Cli^ve, Bl. 
[2] 43, ISB).* 

Silver carbonate AgXOj. Prepared in crys- 
tals by adding ammonia by^dropa to mixed | 
Bolutioim of AgNOa and Na^COj of Melinite 
strength (Vdgcl, J. pr, 87, 288). As a white 
pp., becomii^ yellow on washing, by adding 
Na^CGaAq to AgNOjAq. Blackens on exposure 
to l^ht. Isarcadily soluble in strong NlL.Aq* 
Soli^on treated with absolute alcohol yields a 
pp. containing AgoCOa and ammonia (Berzelius). 
At 200° loses COi. and leaves A^O. By pi>g. 
AgNOaAq with largo exot^s of alkaline carbon- 
ate and boiling, a substMncc^3ossil)ly a mixture^ 
is obtained which •dried at 100° has formula 
Ag2C03.2Ag30 (Bose, 202). Aiiimoiiio- 

silvcr carbonate Ag.OO.^.lNH.,. A grey pp. on 
adding absolute alcohol to Ag-COg dissolved in 
NHsAq (Keen, C. N. 31, 231). * 

Sodium carbonates. Three salts have been 
isolated, besides various hydrates, and several 
double salts. 

I. Noi’vuil carbonate NaXOg. Occurs in waters 
of several lakes and mineral waters ; is a con- 
stant constituent of ash of sea-plants. 

Fortnation. — 1, From Na.BO„ by heating 
with C and CaCOg, and* lixiviating with lloO 
(Leblanc’s process). ~2. From cryolite, by heat- 
ing with CaO and decomposing the Naaliiininalc 
formed by CO.^. — 3. By rcaca<!#: between NaCl 
and (NllJaCOg in solution .• 

^Preparation. — 1. Soda crystals are repeatedly 
washed vdth cold water until al!-fc|ulphatcs, 
chlorides, ac. aro removed; tlm last’J^^^cs of 
SiOg are removed by dissolving the wasllea salt 
in water, evaporating nearly to dryness, adding 
a little (NHJ.COg, heating till (piitc dry, dis- 
solving in waterp filtering, evaporating, and 
heating (Wurtz, J. 1852. 357). — 2. Soda crystals 
are repeatedly rccrystallised, the crystals being 
obtained as small as possible (Gay-Lussac, A.' 
12, 15) ; most of the chlorides and sulphates 
and iron salts are thus removed. The washed 
salt is dried, heated in a silver 'dish, and tho 
residue is repeatedly washed with small quan- 
tities of cold water ; the salt is now free from 
iron, but may contain traces of silica {v. supra) 
(Stas). > 

Propert^s and Reactions. — White Solid ; 
molts •at 4 818° (Carnelley, C. J. 33, 280), 
giving off ™ttle COg (Jacquelain, A. Ch. [3J 32, 
205 ; Mallard, A. Ch. [4] 28, 8(5 ; Schcerer, A. 
116, 134). Heated iji stcanf gives NaOH. ' De- 
composed at high temperature by edrbon, to 
Na and CO ; by phosphoru^, to C, CO, nnd*Na 
orthophosphate (Dragendorff, C. C. 1861. 865) ; 
by silicon to C, CO, and Na siifcate ; by siiljfhur, 
at 275®, to NaoS and Na^SoO.,, at melting-point, 
to NogSa No^SO* ; by ferric oxide, or J'errJti^ 
oxide, with evolution of CO, (Stromeyer, A. 107,. 
366) ; by ferrous sulphide to Na and Na-Fe j 
sulphide (B. Kopp, Bt [2] 6, 207). Solubility 


in water increases from 0® to 34®; from 
34® to 79® B. is constant: S.«46*2 at 34® 
(Lowel, A. Ch. [3] 33, 353 ; Poggiale, A. Ch. [3] 
8, 468 ; Tomlinson, C. N. 18, 2 ; Gerlach, Fr, 
8, 279). Solution is accompanied with produc- 
tion of heat ; [Na"CO», Aq] - 5,610 {Th. 3, 198). 

Hydrates o/ Na.COg.— (1) NaXOg.lOHgO ; 
separates from modorjviely coJio. solutions at 
ordinary temperatures, in clear, monoclinic crys- 
tals ; j^lmsc melt at c. 31 leaving N^CCj^.H^jO 
(Schindler, May. Phann. 33, 14) ; according to 
Tliomscn {B. 11, 2012) tho residue is 
NaLl03.2Hp but this gives up another H.^0 in 
the air. Crystal.:; of Na.,CO,.10lLO eftloresco in’ 
air; at 12-5 vtliey give th§ hydrate witli 5H.^O ; 
and at 38® in vacuo, or over CaCl.,, the hy- 
drate Na.,CO^I,0 (Watson^ L \ M. *12, 130). 
Dissolve in water with disappearance of heat 
[Na"COMOirO,Aql-= -16,1<'.0 {Th. 3, 198). 

(2) Na.,^g.i5lLO {Jacquelaiii, .^l. Ch. [3] 
32, 205). Ci’vstalliscs from cone, solutions of 
Na..GOgat -20°. 

*(3) Na,COg.7II,0 (Liiwel, .1. Ch. [3] 33, 
853; Bammelsberg; IMarigiiac, A/ni. M. [5] 
12, 55). Crystallises from hot saturated solii- 
tions hy^eooiiug in closed vessels; if air has en- 
trance tho lOH.D hydrate forms. Said to crys- 
tallise in two modifications, rhombolmdra and 
rhombic tables, with dilleiont soluhililies. 

(1) Na.CO.,.()Il./) ; crystallises from NagSAq 
standing in air, also from NatlJAq mixed with 
K.,C()gA(i (Mitselierlich, P. 8, 111). 

(5) NaXOg.5ir.D; crystallises at tempera- 
tures over 33' from molj^ui Na.,CO,,.101iP (Ber- 
zelius, P.32, 303) ; also by the clilorescence of 
Na..CO.,.10]L() at 5°. 

'(6) Na..Cbg.21l.,0 ; melting Na..CO,.10TI.O at 
34° (Thomsen); fNa-CO».2H '0,.\.i] = 20. 

(7) Na.^CO;,.ILO ; from hot .saturated solu- 
tions of Na.COg, or from hot solutions of 
Na.^COg.lOILO ; sepjvi'at'^s from boiling solu- 
tions; also pro ’.need 1^' el'll or esc, cnee of some of 
the liydrates withimoro ILO (Mavig^ac, An7i. AT. 
[5] 12, 55; Jlaidinger, A 5, 369). J 

[N.i' CO'.H-0,Aq] ---• 2,250 {Th.). ^ 

II. Sodiuw -hyd rogen carbonate; NallCO, 
{Bical^onate of soda). Formation. By pa.ss- 
ing Nil., into NaClAq, and then decomposing by 
CO.^ under pressure ; 

' NH, 4- NaCl Aq + CO. + IT.H = 

NaHCO;, 4- N I l,ClAq (Ammoniasoda process). — 2. 
By reaction between so<Ia crystals in solution 
and commercial Nil, carbonate. — 3. By reaction 
between -CO-j 3,nd illlV^TKied soda crystals, or a 
mixture ofiA part crystallised tu*4 3 pitl’ts dry^ 
Na.^COg. — 4. Bypassing CO.,, into'jNa._,CO;,Aq aa 
long as it is absorbed tl part Na.CO., in 2 parts 
IT..O) (Ti. Mever, Supolhd. 2, 170; Berzelius^ 
P.'l6, 134 ; Mohr, J, l\f, 15; 29, 268). Proper- 
ties and Reactions. — White iiionoclinio tables; 
alkaline taste ; cl^angcs moist red litmus to blue,, 
but has no action on colour of turmeric paper. 
In moist ^r readily goes to Na.^COg.ccaq. When 
^heated gives off CO._. aruj II.p ; solution decom- 
posed on boiling (Itos<j;,jZ’. 34, 158). S. 8*8 at 
10° ; 14 64 at 70° (loggiale, A. C^. [3] 8, 468; 
also Dibbits, J. pr. [2J 10, 417). 

III. Sesquicarbonate. Na4Hj(CO,)3.3H/> 

( = Na2C0g.2NaHC03.3H.p). Occurs native; 
S.G. 2-112. Prepared (1) by heaAng NaHCOg to 
200° (TTormann, J. pr. 26, 312) ; (2) by (yapo- 
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ratinji solutions of NaHCO., in vacuo over 
H3SO, ; (3) by molting together tlfe tAvo carbon- 
ates, in the ratio Na3CO,.10Il3O:2NaHCOa, and 
standing in air till mass becomes crystalline, 
when it contains crystals of the sesquicarbonato ; 
(4) by pouring alcohol on to a mixture of 
NaXOsAq and NaHCD.,, the salt sepafates in 
fine needles (Winkler, Vi. P. 48, 215). Mono- 
cline crystals ; non-eillorcacont in air, goes to 
Na:.,CO;, et rod heat; aqueous solution iitnjacuo 
over H,,SO, gives Na.CO., and NaHCO., (Rose, P. 
34, 100). S. 12-63 at 6° ; 41*59 at 100^ (Poggiale). 

lY. Djubla Salts. Sodiu m -potassium 
carbonates. 

(1) NaKCOji-Oli^O'; monoclinic crystals, 
unchanged in .dry air, etllorosccs in moist air ; 
by evaporating sohition of equarequivalents of 
the constituent salts, and crystallising from 
K^CO^Aci. A\- 100^ loses GH.,0. S. 185 at 15° 
{Marignac, G. It. 45, 050; Margufrite, A. 56, 
220; Stolba, LI. [2'l 4, 192, 7, 241). 

(2) 2Na.,C()3.K, CO., .1811,0; from mother- 
liquor from which k,Fe(CN)„ has crystallised out. 
May be crystallised from K.XO^Aq (Marguerite). 

SoninM-CALCIUM CAIinONATE : 

NaXO ,.CaCO.,.51l.,0 ; occurs native *aa Gay- 
Lnssite; obtained, in microscopic monoclinic 
crystals, by reaction between freshly ppd. CaCOj 
and cone. Na,CO;,Aq at ordinary temperature. 
When dry this compound is dccomiiosed by 
water (Fritzsche, J. pr. 93, 339; Boussinganlt, 
P. 7, 97 ; H. Rose, 1\ 93, 600). 

Strontium carbonate. SrCOg. S.G. (pp.) 
=» 3*62. S. (cold or hW-) - *0003 (Bineau, G. It. 

. 41, 509). S. (cold) = *005 (Fresenius) solubility 
diminished by NlL,Aq or (NH,).,CO,Aq. S. (10° in 
satd. CO.,Aq) = *12 (Lassaigno,). Occurs native as 
strontianife. Crystals of trimetric system, isomor- 
phoQswith arragoniteandwitberite. Prepared by 
ppn.with an alkaline carbonate as a smooth white 
substance ; in form df strontianite, by crystal- 
lising amorphous carbon^-te from fused KCl and 
NaCl (BoiA'goois, Bl.^2] 37*, **47). Heated in 
cll;;ed vessel CO., given off only at about white 
heat, but in aqueous vapour HrH.,0., is formed 
at a much lower temp. Alkaline siilpb^ates in 
solution do not decompose it at any temperature 
(Rose, P. 95, 284). Ammonium chloride solu- 
tion boiled with it converts it into 8rCL. 

Thallium carbonate Tl.C’O.,. S.G. (fused) 
7-06 (Lamy). S. (15 5°) = 4-02 ; (60") = 11*7; 
(100°) = 27-21. :M.P. c. 272° (CarncUey, C.J. 33, 
275). Formed by exposure of T1 in a saturated 
solution of Ti.,0 to air .. Prepaf .id b^ allowing 
* granulated itrc\alto oxidise in warnVair, boiling 
with water *fcontaining excess (NHJ.XOj and 
filtering. Tl.,CO;, is deposited in groups of prisms 
(Miller, Pr. 14, 555), wjiich are brilliant, highly 
refractive, very heavy, arhydrous, colourless; 
melting, undecomposed, much below redne.ss to 
clear liquid which solidifies f”) dark-grey mass, 
and at red heat decomposes cvolving,0O.,. Taste 
mildly caustic and metallic. Solution has alka> 
line reaction- not ormvletely removed by supor< 
saturation with CO., (Clknkes ; Werthcr, J. 1864. 
240). 

Thorium carbonate. Th(C03).,.3ThH^04.2H,0. 
Alkaline carbonates throw down a basic salt 
with evolutioii^f CO.,. Moist ThlljO^ absorbs CO., 
from air. ThO., is not sol. in water containing 
CO, ^Berzelius). Salt of above formula obtained 


as an amorphous pp. by treating hydrate sus- 
pended in water ^ith CO,, or by pi^. solution 
of ThOl, with an alkaline carboniie. 

Tin carbonat|Jf. SnCOs.SnO; by adding 
solid SnCf, ^ cone. Na.,CO;,Aq in absence of air : 
very unstf^le. If (NH,).,CO.,Aq is used, hexa- 
gonal prises of (NH4).,0.2Sn0.3C0.,.3H20 are 
said to be fi;*med (Deville, A. Ch. [3] 35, 448). 

Uranium carbondtes have not been isolated. 
Alkaline carbonates p]§^;. uranous hydrate from 
UC1„ a basic sulphate from U(SO,)2, and double 
carbonates from uranic salts. ^ 

Ur^nyl-aminf^iium carbonate. 
(U0.,)G03.2(NH,).,C03. S. = 6 at 15° ; increased 
by (NH4),,C03. Prepared, in small yellow trans- 
parent crystals, by digesting in ^NH,)2COsAq 
at «60°-80° the pp. produced 1^ NHjAq or 
(NH,).,C03Aq from uranic salts, mitering, and 
allowing to cool. Decomposed slowly at ordinary, 
more quick)^ at higher, temps, leaving UO, ; 
solution boiled evolves NH3 and COji and 
deposits yellow pp.j^lftaining uranium, of doubt- 
»ful composition (Arfredson, P61igot ; Ebelmen, 
A. Ch. [3J 5, 189 ; Dolffs, P. 55, 229). 

IJramjl-yotassuim carbonate. 
(IJ0.,)C03.2K.,C03. S. - 7-4 at 16° ; msol. in alco- 
hol. Prepared, as a bright yellow crystalline 
crust, by dissolving in KIICOaAq the pp. formed 
from uranic salts by K.,C03Aq, and evaporating. 
At 300° evolves COj*, at red heat leaves mixture 
of K uranate and carbonate. KOHAq pps.'all 
the U as K uranate, even in presence of excess 
of K.,C03. 

Uranyl-sodium carbonate. 

(U0.,)C03.2Na.,C03. JL’reparation and properties 
similar to K salt. Two Ca salts, 

(1) (UO.,)CO3.CaCO,.10H.,0; 

(2) (D0,,)C63.CaC63.5H20 ; 
occur native (Smith, A. 66, 253). 

Yttrium carborfdte. Y.,(CO.,)3. Na.,C03Aq 
pps. it from yttrium salts with 12H.,0 in^e 
cold, and-^H,0 at 100°. Not easily Recomposed 
by sparingly soluble in water containing 

CO,. Solution in (NH,),C03Aq, if concentrated, 
deposits a Avhite crystalline double salt which 
does not redissolve in (NH^).,C03Aq ; also soluble 
in K.,C03 and Na.jCOaAq (Betzelius). 

Zinc carbouate. ZnC03. Occurs as calam- 
ine. Not obtained by precipitation. Pp. 
formed by KHCOgAq in ZnSO^Aq is 
2ZnC03.3Zn0.,H2 (Berzelius). ZnCO, unaltered 
at 200° ; slojvly evolves CO, at 300° (Rose). 

llydrocarbonates. Native hydrocar- 
bonates are (1) zinc bloom ZnO.ZnCOs.SZnHjO., 
(Berzelius), or ZnC0.,.2ZnH,0,4aq (Smithson a. 
IJorndorff, Gm. 6, 15). (2) Auricalcite or green 
calamine* 2ZnC03.riZnH,()„ in which Zn is 
partfy replaced by Cu. (3) Buratil^ a hydro- 
carbonate containing Cu and Ca. P *’ 

«rhe pps. formed by alkaline carbonates in 
solutions of zinc salts all appear to contain 
water, and to varyVn composition with strength, 
tempera'ture, and proportions, of solutions. For 
resfhlts obtained ur*der varying conditions, v. 
Rojyj (P. 85, 107), Schindler a. Boussingault 
{Gm. 1, 15). Tli^ all evolve CO2 and H.,0 at 
^p0°, yielding ZnO (Rose). 

Atnvwnio-carbonate of zinc (NH3Zn)CO*. 
Deposited in crystals from a solution of ppd. 
zinc carbonate in cono. (NH4).,C03Aq (Favre, 
TraiUde Chimie^ Pelouze et Fr6my, 2nded. 8, 47). 
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j Eine^potassium carbonate ■ 

d4nCO,.8K2COg.7H.p (?). Crystallises from a 
lioiution of ZnClg mixed withr K sesquicarbonate 
(Deville, A. (^. [3] 32. 75). ^ 

Zinc and sodium carbonade ^ • 

SZnCOg.BNaXOj, (?). Small crystals, obtained 
as potassium salt JDoville). J 

Zirconium carbonate. Excc^ of alkaline 

carbonate Solution products a pp/in solutions 
of Zr salts, soluble in ^aj(orK..)COaAq. Com- 
positiontseems to bo variable (Hermann, Klap- 
roth, Vauquelin). 

"•^uio-CAUBONic ACID. Mol. w. Un- 

known. A dark yellow very strongly f^nelling 
oil; obAined by adding cold dilute ITClAij to 
K.^CS, or N^eSj ; very easily decomposed, by 
heating, to CS^ andH^S (Zeise, S, 41, 105 ; iier- 
zelius, P. 6, ^50). 

Thio-carbonates. These salts have the 
composition M2CS3, or MCS,, when ISL- Naj etc., 
and MsCa &c. A few basic sAts are also 
known. The compositiwi of tlio salts of the 
alkali and alkaline earth nsRtals has been dc-^ 
termined; several •ther thio-carbonatos seem 
to be produced in the rtactions between solu- 
tions of •metallic# salts and KXS.,Aq or 
Na^eSaAq, but the composition of very few of 
these thio-carbonates of the heavy metals has 
been determined. Thio-carbonates arc formed 
by reactions between CS.,, and acpioous solutions 
of the moiiosulphides of the alkali and alkaline 
earth metals, M..S and MS. ]3y using MOllAq 
and CS2, thio-carbonates and carbonates are 
formed simultaneously; with MOJI.Aq and CS^ 
(M - Ca,Ba,Sr) basic thio-carbonates are formed, 
CaCS3.2Ca0Jl2.()H20.* NH.Aq reacts with 
CS2 to form (NHJ2CS3 and (NH,)(3nS (Gelis, J. 
1801. 340), The thio-carbonates are yellow, 
red-yellow, brown, or black, std'jjf';; the hydrated 
salts are yellow. The saii;s of the alkali and 
airline earth metals are soluble, ii. wmIio-; 
those of tlie heavy metals are more or-les^ solu- 
ble in ox^ss of M^eSyAq (M~ Na Tlic 

thio-carbonates are not very stable ; th<<se of 
the heavy metals easily decompose to metallic 
sulphide a*nd CS.,; cone, solutions of the alkali 
salts change to and alkali carbonates when 
boiled, dilute solutions decompose by standing 
in air to carbonates and S. Heated alone, most 
of them give metallic sulphide and CS.j ; K.dlS., 
gives K2S3 and C. The thio-carbonates have 
been chiefly investigated b/ Zeise {S. 41,105) ; 
Berzelius (P. 6,450); Walker {C.iN. 30, 28); 
Hestini {G. 1871. 473 ; B. 5, 327) ; fhdis (J. Ph. 
[3] 39, 95 ; 0. B. 81, 282) ; P. Tluuiard (O. Ji. 
79, 673) ; Husemann {A. 123, 07) ; Mermet 
(0. B. 81, 344). , 

Ammonium thiocarbonate (NII,),,CS.,. •Pre- 
pared 4)yjjnxing a saturated alcohol ic^ solution 
of NH3 its vol. CS.2, cooling afler^the 

liquid has become brown, pouring off liipiid, 
and washing the crystals aevcral times with 
alcohol, then with ether, and pressing 1)etweeii 
paper (Zeise). Yellow crystals, v. sol. in woAer, 
insol. in alcohol or ether ; may be sublimed in 
dry air by gentle warming ; tjtery hygroscc^ic. 
Aqueous solution heated to 90^'-100^ evolves 
H.3S, and NH.CNSAq remains (G61i8). * 

Barium thiocarbonate BaCSj. I3y ' snaking 
BaSAq with CS^, washing with alcohol, and 
drying in vacuo. 


Calcitun thiocarbonate. CaCSj. By digesting 
CaS with excess of CS^, and evaporating in vacuo. 
Citron-yellow ; sol. in alcohol' or water ; milk 
of lime shaken with CS3 gives an orange-red pp. 
of CaCS3.2CaO.H2.6n2O, and this at 30° gives 
red liquid from which rod crystals of 
CaCS3.5CaO2H2.7iLO separate (Walker; Sestini). 

Potassium thiocarb )nat0. K2CS3. When , 
ILSAq is digested with CS2 at 30° in a qlosed 
vesse^ or CS., is dissolved in a cono. ^Icmiolic 
solution of ILS, yellow deliquescent crystals 
separate; dried at G0°-8l)° tlnise give K2CSJ, a 
ro<l-brown solid ; v. 80I. in water, 1I. sol. in 
alcohol. 

The othef thiocarbon%tf« which have been 
fairly well examined and analyse'* are those of 
Lithium, Magliesiuni, Sodium, find Strontium. 
Thiocarbonates of Bi, Cd, C^-, Co, An, Fo, Pb, 
Mn, Hg, Ni, Pt, Ag, Sn, Zn, seem also to bo 
formed by adding tlie solutioji of an alkali thio- 
carbonate to a solution of a*salt of eacli of these 
metals. IM. M. P. M. 

CARBONIC ANHYDRIDE CO2 v. Carbon, 

OXIDES OF. 

CARBON TETRA-CHLORIDE v. supra and 

TEritA-ciinono-MK'niANE. 

CARBONIC ETHERS. There are threo 
classes of carbonic ethers: viz. acid ethers 
C()(OIl)(OH), normal ethers CO(OB)2, and 
ethers of ortho-carbonic acid C(OK) ,. In these 
formulm li may bo any alkyl. They are de- 
scribed as salts of the alkyl : e.q, FiXiivL car- 
bonate, Metuyl carbonate, Pjienyl carbonate, 
iSce.* * 

Orthocarbonic ethers arc formed by the 
action of sodium '^btoholab.-s on chloropicriu 
(Williamson a. Bassf't, A. 132, 54). They are 
converted by ammonia into guanidine. 

Normal carbonic ethers. 

Formadon. — 1. Froip alkyl iodides and 
silver carbrnato (do ‘Clermont, J. 91, 375). — 

2. By tbo action Na^ K, solid NaOEt mol.) 
or KOEt (,4 moi.J, upon ^Ikyl oxalates (1 mal.) 
(Killing, A. 19, 17; Jdnvig a. Weidmann, 4, .■''36, 
301; (Icuther, Z. 1868, 656; Cranston a. Ditt- 
niar, 1870, 4), — 3. By the action of alkyl 
chloroformates upon sodium alcoholates, e.g,: 

Cl.CU.OKt + NaOMo - NaCl + MeO.CO.OEt 
(Roesc, A. 205, 210). Tlio mixed etlier prepared 
from ethyl cliloroformato and sodium methylate 
is identical with that from metljyl chloroformate 
and sodium etliylato. -4. J'’romCOCJ2 and sodium 
alcobouAes. 

J ro- rrlics,''^Tho. ddying-poin*^’ and ipccifio 3 
gravilie- of the fiiU v carbonic qlliers are as 
b-ibn\s i!lo,-..e, 4.205,2114:— 


Etlicr 

T Mling-p.,iiii 

1 

s.a. 

Me..CO. . 

MeJ'itCO, 

90()° 

1-065 at 17® 

109-2^ 

1-00 at 27° 

EtXOj ’ 

125'^ 

•97 

^ Melh'CO, 

EiU-B > 

08 at 27° 

Pr..CO., 

H;d-2° 

•05 at 17° 

Me(PrCH.)C 03 

1 13-6° 

^5 at 27® 

Et(PrCTl.)C 03 • 

160*1° 

•03 at 27° 

(PiCH,,).,C03 

190-3" 

•92 at 15® 

El(C,H„)CO, 

182-3° 

-92 at 27® 

(C,H„).2C0, 

228-7° 

•91 at 15® 

A 
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Beactions. — 1 . Ammonia converts the ethers 
R.^CO| into carbamio ethers, anti finally into 
urea.— 2. PCI 5 forms chloroformic ethers. In 
mixed ethers BR'COs the alkyl which is con- 
verted into chloride is the smaller of the two : 
Et(C 5 H„)co, + rcia = EtCl + C1C0,C,H„ + POCl, 
The amides of the chloroformates, which^may bo 
regarded as half chlori«|t?, half amide of carbonic 
acid icarbamic chlorides), are obtained by the 
action o|^ COCl., upon the hydrochlorides of 
amines, c.^. COCl^ + NEtll, = C 0 Cl{NEtH) + Iipi 
(Oattermann a. Schmidt, B. 20, 118) c/. Ciilouo- 
F 0 .RMIC AGfo. — 0. When an alkyl carbonate is 
^heated with an alcc'.ol containing a heavier 
alkyl, the heavy alhyUlisplaces the^ightoiie (K.). 

Chloro - imido - carbonic ethers C1N;C(()K),« 
These are forfned by leading <?f.ilorino into a 
cooled solution of NaOII and KCN in an 
alcohol (Sanchneyer, B. 19, 8G2). They are 
crystalline, and converted by dilu^ acids or by 
aqueous II^S into the corresponding carbonic 
ethers. Aqueous potassium arsenite reduces 
them to imido-carbonic ethers {cf. Ciiloro-imiuo- 
carhonio ETniiiis), 

Imido-carbonic ethers IIN:C(OU)._.. Prepared 
as above, are alkaline liquids, readilj d<!coui- 
posed by aqueous acids into KII 3 and carbonic 
ethers {cf. Imioo-cahuonic ktukus). 

CARBO-DI-NICOTINIC ACID V . Pyridine 

TW-CARnOXYLlO ACID. 

CARBONIC OXIDE. Name usually given to 
CO, V. Carron, oxides of. 

CARBONIC - OXIDE - POTASSIUM v. po- 
tassium salt of Hex^oxy-benzene. 

CARBON OUS OXIDE CO, r. Carbon, oxides of. 

CARBON TElRA-IODipE V , Tictra-iodo- 

MEXIIANE. 

CARBONPIMELIC ACID v. iso-PENTANE tri- 
carboxylic ACID. 

CARBONYL. The divalent radicle C:0. 
When attached to twef caiiboii atoms the product 
is a ketone, when attacl^ed to one carbon atom 
and to hydr.'oxyl the compofavl is a carboxylic 
afii^l ; when attaclied^o one carbon atom and 
to ffne hydrogen atom the product is an aldehyde. 
Two or three carbonyls attached to ClI render 
the hydrogen displaceable by metals.*’ Many 
carbonyl derivatives of amido- compounds are 
described under the amido- compounds from 
which they are formed by the action of COCl... * 

CARBONYL - DI - vi - AMIDO - DI - BENZOIC 

ACID V. Di -rHENYL-UREA-DI-Bt-CARB()XYLIC ACID. 

CARBONYL - AMIDO - PHENOL v. Anhy^ 
dride^of Oxy-piienyl-c uno a^-id. 

CARBON^ii BROMIDE v. Caririn, oxy-bro- 

MIDE OF. 

CARBONYL DI BIURET v. Biuret. 

CARBONYL-CARBAMJC ETHER CJI NO, 
i.e. CO:N.CO.OEt or Carhoxctkyl 

cyanate or cyanurate. [119°]. Eormed by 
the action of chloroformic elher on potassium 
cyanate. If dry ether be present a Second com- 
pound OioH^jNjjOj ^07°] is also formed. Rhom- 
bio plates, si. sol. alcohol, V. sol. CHCrj. 
When healed with water to 100° it loses CO 2 
forming oyanurio ether. Its formula shoald 
therefore possibly be trebled. The compound 
C„H,aN ,05 when distilled with water behaves 
Biiuilarly (Wnrtz a. Henniger, 0» B, 100, 1410;* 
A. Qbi. [C] 7, 1112). 


Compounds with cyanic ether 
(a) C,„H„N,0. or {CO:NC02Et)(CO.NBt), 
[107°]. Formed al above, or togethejP with oar- 
boxy -carbamic (imido -diformic)% ether [60°],. 
(226°) whfi^the 4Sher is wet. Needles, which 
lose CO-i on heating, yielding cyanurio ether 
(W. a. H.). C 

{b) C„ll,N,0, i.e. (CO.N.CO.,Et).,(GONEt}. 
[123°]. FoAned together with imido-diformio 
ether when KCNO action an aqueous ethereal 
solution of chloroformic ether for a lo^ig time.. 
On distilling it forms cyanuric ether (W. a. H.). 

CARBONYL CHLORIDE v. Carbon, oxychlo- 
ride 0?. 

CARBONYL-GUANIDINE v. Amido-1!hoyanio 
acid. 

CARBONYL DI-PHENYLENE u. Bipiienyl- 

en£ ketone. 

CARBONYL-DI-PHENYL OXIDE v. Dl- 


PHENYLKNE KETONE OXIDE. 

CARBO»YL-PYRROLE CuH^N-.O i.e. 

Di-ktm-urea. [('.3°]. (0.238'’). 

I Formed, together with di-yyrry 1-ketone, by the: 
action of carbonyl » chloride upon pyrrol- 
potassium (Ciamician a. i^fagnaghv B. 18, 414 ; 
1820). Large raonocliiiic crystals, a\h\c 
= 1*1()88;1: •7189. V. sol. alcohol and ether, 
insol. water. By heating to 250° it is trans- 
formed into a mixture of pyrroyl-pyrrol 
C,TI,N.CO.C,n,NH and di-pyrryl - ketono 
co(t;,Tr,Nii).,.‘ 

CARBONYL SULPHIDE r. Carbon, oxysul- 

PIIIDE OF. 

CARBONYL-UREA u. Urea. 
CARBOPETROCEITE v. Petrocene. 

CARBO - DIPHENYLENE u. Dipuenylenb 


KETONE. 

CARBO-DIBJIENYLIMIDE u. Diphenyl- 
cyanamtde. „ 

CARBO-TRI-PHENYL-TRIAMINE u. Di- 

PITENYL-^IIDO-BHNZAMIDINE. 

C)».5»^0-PHENYL-T0LyL.IMID.T v . Phenyl 

I TOLlfj; CYAN AM IDE. 

I CARBO-DI-PROPYL-DI-PHENYL-IMIDE v. 

Di-puopyl-di-piiknyl-cyanamide. 

CARBO - PYRIDENIC fCIDS v . Pyridine 

CARBOXYLIC ACIDS. 

CARBO-PYROTRITARIC ACID v. Di -METUYL- 

FURFUBANE C.UIBOXYLIO ACID. 

CARBO-PYRROLIC ACID v. Pyrrol-car- 

BOXYLIC ACID. 

CARBO-RYRROLYL-FORMIC ACID v. 

PYRRYL-aLYOXYLIC ACID, 

.CH:CH 

CARBOSTYRIL C,H,NO ue. I or 

, \nh.co 

• .CH:Cn 

C,jU,^ 1 . Lactam or Ifktim of o- 

^\N*=c(on) . 

amulo-cinnamic acid. (Py>2)‘Oxy -quinoline* 
[109°]. A . 

Fonnation. — 1. By boiling o-amido-cimiamio 
aofd with HClAq (^iozza, C. B. 84, 598 ; A, 68, 
IIV ; Tiemann a. dppermann, B, 18, 2070). — 2* 
Obtained by radioing tri-ohloro-oxy-qainoUhe 
with HI (Rotheit, J, j>r. [2] 29, 800). ; , : ■ : , 

^ Preparation* o - Nitro-oinnamio V 
hearted with alooholio (NKJ^S to 
pressure, the solution is evaporote[$ 

AftlrAn iin with NaOH OUd tile 
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, bj OOj (Friedlfinder a. Ostermeyer, J5.*14, 
1916). 

PrqperrtM.— Prisms (from^alcohol) ; or long 
thin threads (^ntaining aq) from dilute aqueous 
solution. May be sublimed.^® V. ^asul. cold, 
V. sol. hot, water. Sol. alcohol and other. 
Alkaline KMnO^ oxidises it to isatiS and oxal- 
oxyl-amido-benisoio acid (carbostyJilio acid). 
CO,H.O„H4.NH.C(OH),,.CO,iI [200'=’/ 

Salts. — The K and^Na salts form easily 
soluble piates. The banum salt A'.Ba: spar- 
ingly soluble plates. 

Methyl ether \ (247° uncor.). Colourless 
liquid. Smells of oranges. * « 

Ethifl ether: [below 0°]. (250°). Prepared 
by the actioik of ethyl iodide on sodium-car- 
bostyril, or of alcoholic KOPI on chloro-quino- 
line. Volatile,^vith steam. Colourless liijuJW. 
S^Yeet smell.— BTICl : hygroscopic cry.stals. 

Phenyl ether: [G9°]. Sublimable. Glis- 
tening plates. Sol. ordinary solvcuts (Fricd- 
landor a. Ostermayer, U. Ip, d:;5). 

Reference. — AMino-CARiiosi'raiL, Bjiomo-cau- 
BOMTYiUL, Ac. Hytlfocarbostyril is described 
under Amido-phenyl-pir ••ionic Arm. J’jtbyl- 
pseudo-Garbo»tyril is described as {Py. 3, 1)-Oxy- 

ETHYL-QUINOLINE. 

CARBOSTYEIL-CABBOXYIIC ACID v. Oxy- 

QUlNOLINE-CAimOXYLIC ACIU. 

CABBOTHIALDINE C,n,„N,S.,. Crystals 
which separate on adding CS. to an alcoholic 
solution of aldehyde-ammoiiia (lledtenbacher a. 
Liebig, A. 65, 43). Also from aldehy<le and 
ammonic thio-carbamate (Mulder, A. 168, 235). 
Insol. water. Sol. acids. 

Reactions. — 1. HCisplitiitnp into aldehyde, 
NIT., andCS 2 . — 2. K^InO^ forms 1 1.^.SOpCO.., KCy, 
and acetic acid. — 3. HCl and be. Cl* forms Nil, Cl, 
aldehyde, and NTT..CS.S...Co.>w’]., (Gnaresclu, 
O. 8, 246; R 11, 1383). \ 

jARBO-TSl-THIO-HEXABKOMIDE II-xa- 

BrvOMO-DI-].IETUYrj Tnr-.SULPniDH, ( 

OAEBO-%OLYLENE.DI - PHENYL- U^^A- 

MINE V. Di -PUENYIi -TOTiYTiF.NE - TKTT.'A - AMIDO- 


METHANE. 

CARB0-1)I-T0LYL-IMIDE V . Di-tolyo-cyan- 

AMIDE. ® 


DICARBOTHIONIC ETHER S(CO..Et)2. 
(180°). Frojn CiCO.^Et and alcoliolic Na.S. 
Oil; decomposed by baryta-water or alcoholic 
KOH into Et.,S and CO.^ (V. Meyer, B. 2, 298). 


CARBO-VALERTHIALDINE 0,J[..N..S.,. 
[109°]. (G.) ; [117°] (S.). V.D. 60.^ Proni iso- 
valeric aldehyde (5g.), CS_, (3g.) and aipieons Nil., 
(Schroder, B. 4, 469). From isova-b ric alde- 
hyde and ammonium thio-carl)am:i(<' (Mulder, 
A. 168, 237). Colourless needles (from .tJcol;<)l). 
Fe^Cla on wflhning gives th(3 sulphoeyaiiide re- 
action. kMi ^4 forms HCN, HoSO, and*valeric 
acid. Fe._,Cla and HCl form in the cold a ycll^v 
powder (S.CSNH 2 ) 2 . Carbovalqj;aldine may there- 
fore be dithiocarbamat® of di-valeryiidcr.c am- 
monium H4N.GS.SN(CH.CH3.CHMe3)2 (Guareg- 
chf, 4. 222, 810; O. 13, 600)9 

CABBOVINIC ACID is H^^>rogen Ethvl 

k. v.y. 

, BENZOIN ACID v, Di^ 

Aon>. . • 

v«. I* 


CARBOXAHIDO • OYAHAHIDO - BENZOYL 
V. p. 155. , 

CARBOXAMIDO-HIPPDRIC ACID t;. p. 164, 
CARBOXAMJDO-o-OXY-BENZOIC ACID 

Cj 5 H,. 2 N. 20 j. a product of tlio action of urea on 
amido-salicylio acid at 200° (Griess, J. pr. [2] 
1, 235).^ Minute needles, v. si. sol. most sol- 
vents. • 

CARBOXETHYL CYANi^TE or CYANDRATB 

V. CAimONYL-CAUnAMTC ETIIEU. • 

CAKBOXY-ACETO-CrLTJT^RIC ACID v, 

Mi?TUYL rUOl’YL KETONE TKI-CAniJOXYIilO ACID. 

p-CARBOXY-o-ATlIDO-BENZOIC^ACID v. 

ISATOIC ACID. 

p-Caiboxy.qi-aniido-beiizo% other v. p. 157. 
CARBOXY-BENZENE PHOSPHONIC ACID 
CO.JI.CJl,.PO(gJl).,. [above 3()0°J. Freparod 
by the oxidation of /i-tolnono j[)liosphoiiic acid 
CJl,(CH.,).rO( 01 I )2 with KMnO,. Ntredles or 
tables. V. sol. water, m. sol. a<iueoiis HCl or 
alcohol. On i^ieating to 300° it decomposes, 
giving melaphosphoric and benzoic acids. 

Salts. - A'"Ag,, : slightly soluble pp. — 
A''TI.J\aq: fine needles sol. water, si. sol. alco- 
hol. — A'"„H,K : long ]n isms si. sol. water. 

Chloride CJI,(C()Cr)(POCI.,). [83°J. (315°). 
Colourless crystals, idea ted with PCI., it gives 
p-chlorohenzoyl cliloride I’Clg and POCl.,. 

Triniothyl r.thcr A'"M(i,: thick liquid (Mi- 
chaelis a. Puiiek, 1i. 11, 405). 

CARJBOXY-BENZOYL-ACETIC ACID v. Aoe- 

TOPIIF.NONK DI-CAUimXYLIC .VCID, p. 37. 

CARBOXY - BENZOYL - AMIDO - BENZOIC 

ACID V. PlITnAIiOXYE-A^IIOO-ltKNZOTC ACID. 

C91RB0XY-BENZ0YL-ETHENYL TRI-CAR- 
BOXYLIC ACTD v. Phenyl- I'/ mYi.-KKn^NE tetiu- 

CAimoXYLlC .ACID. 

CARBOXY - BENZOYL - PROPIONIC ACID 
C„Il,oO, t.c. C(\,lI.C,.ir,.CO.C,IT,.CO,,TT. The 
free acid is iinstabh*. but its Na salt w 
formed by dissulving ))htli;iJyI-]>r(>pionic acid in 
NaOirA(|’/Cab\iol a. Aln hacl, R. II, 1680). 

O - CARBOXY - BENZYL - ACETQ,- ACETIC 
ETHER 

G, ,il„0, i.e. C0..11.G*H,.CiP.CHAc.CO.;V.L 
[92°]. Formed by reducing phtlialyl-acCto- 
acotic et()er with zinc-dust in glacial acetic acid 
(Biilow, A. 236, 190). NccmUcs ; v. sol. hot 
water, alcohol, ellna-, inul llOAc. The ammo- 
ifiuin salt molts at [121°|. J3oiling baryta- 
water converts it into bcnzjd -acetone o-car- 
boxylic acid. 

Bhriiyl hydrazide C,„II,,N,,(),. [235°]. 

I>ecc nposos sl^wlyo forming alcoliol and 

C.JI,..NA -ri 

o-CARBOXY-BENZYL-MALONIC ACID 

HO,C.C,lI,ClP.C(I(Ci>TJ),. Forrncd1)y saponify 
iiig o-oarboxy-beiiz^ !-ina’o:iic ollnii’ (Wislieenus. 
A. 242, 37). Prisms. V. jol. hot, si, sol. cold, 
water. Heated to 190’* gives olT CO., and forms 
o-carboxy-phenG-propionic acid [160 ]. 

Salt. — A"'Ag.,. ^V. si. sol. liot water. 
Di-eth0 cUt*er 

C02H.Cjr^.CH2.CH(C0.,Et)2. [86^]. -046 at 

17‘. Formed by reducii^ °phlhalyl malonio 
ether with acetic acid am# zinc (Wiriicenus, A. 
242, 32). Fine needles. V. e. sol. ether and hot 
alcohol, b 1. sol. hot water. 

Salts. — A'Ag; white needles. — A'Na:' deli- 
quesoent needles. V. sol. alcohol, Insol. ether. 
Tri’ithyl-eiher (250°) at 45 mm* 

ZZ 
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CAnBOXY-CARBAmO ETHER. 


CABBOXYOABBAMIC KTHEB C,H,,N04 

NH(OO^t)*. [60®]. (226°). . 

Formation,—!. By the action of cbloroforinio 
<ether on potassium oyanate in the presence of 
wet ether. A second compound C, nHijN.O, [107°] , 
insoluble in water, is also formed, while a small 
quantity of yellow oil [170°] is found' in the 
aqueous extract. If absolute alcohol oe used 
instead of ether, thetliccond compound is not 
fornSid. — 2. Chloroformic ether (34 gr.) and cUr- 
hamic e(her (24 g]j.) are heated together a« 120°. 

Proporties.—hong prisms. It forms biuret 
and alcohpl when made with aqueous NTIj. The 
salt CgHjoNO^Ag cr^.tfl-lhses in cubes (Wurtz a. 
Henniger, A. Ch. 7, 135). 

CAKB0XY-CIN17AMIC ACID v. Cinnamic 

ACID. . (/ 

CARBOXY-COaNICULABIC ACID C.^Hi^O, 
Le. C„H,.C(CO,II);Cn.CO.CII{CO,H).0«H.. 
Formed as a by-product in the reduction of 
pulvic acid to dihydrocornicularic'acid. It was 
not isolated, but was converted into the lactone 
by means of acetic anhydride. 

Carboxy-cornicularic-lactone 
OC 0 COJI 


or I I I ‘ ^ [215°]. 

C,H,.C:Cn.C : C.C^H, 

fiong felted needles or short prisms. In cold 
aqueous Nil, or alkaline carbonates it dissolves 
forming salts of the formula but on 

heating it gives salts of carboxy-coriiicularic 
acid C„n,20j,M,,. (Spiegel, B. 15, 1546). 


CARBOXY-CYANAMIDO-BENZOYL V. p. 155. 
DI-CABBOXY-GLlJrACONIC ACID CjII.Oa. 

Propylene tctracarhoxylic acid. 

Ethyl ether (00,Et;.,.CrLCII:C(CO.,Et).,. 
•(270°-280°). S.Ct. 1*131 at 1.5°. From its sodium 
salt by HCl. Oil, soluble in alcohol or ether. 
Boiled with HCl it gives off CO2 and forms 
tglutaconic acid {q. y.) and iso-aconitic ctlier, 
NaOH acts similarly. ‘Sodium derivative 
<C02Et)2.CNa.CH:0(C0.]Slt)2c [2C0°]. From 

inalonio etner, NaOEtand chlArofoun (Conrad a. 
Guthzeit, A. 222,2517’.' 2(CO..Kt)CNa.-t-CnCl,= 
<C<72Et)2.CNa.CH:C(C02Et),, + 3NaCl.' Bright 
yellow prisms. Insol. ether, si. sol. c<^d water 
or cold alcohol, v. sol. hot water or hot alco- 
hol. Gives a violet colour with ferric chloride, 


and pps. with metallic salts. Sodium amah* 
gam reduces it to dicarboxy-cflutaric acid^ 
<C0.;H)2CH.Cn2.CH(C02n),. ri67°]. when this 
acid is heated it gives off COj, becoming glu- 
tario acid. . 


Mttthyl carbr .y '3lutacon^\c ether. — 
Sodium di-carboxy-glutaconic ether heated with 
alcoholic IVIdi at 150° forms mcthyl-di-carboxy- 
glutaconic ether, (C()2Et)._,.CMc.Cf£:C(C02Et)2, 
an oil, which on saponification gives rise to 
-(C02H)2CMe.CH:C(C0. ,11)!?, and this readily splits 
-off CO2, forming viethyl-glutaconic acidf 
C02H.CHMe.CH:C]I.C02H [5:37°]. Methyl glu- 
taconic acid forms white cryshils; r. sol. water, 
'alcohol, or^ether. 

Benzyl-'ili-carbociy-glutaconic ether 
t(C02Et)2.CfC,n,).CH:i?-,C02Et)2, [78°], is formed 
in a similar way, using benzyl chloride. Insol. 
■water, v. sol. hot alcohol, ether, or cone. HjSO,. 
'When saponified by caustic soda it gives off COj 


j 


carbonic aci<? and forms henzyl-gluiaconic acid- 
C0J1.CH(C:H,).CH;CH.C02H, [146°]. 


DI-CABBOXY-GLDTABIC ACID r>. Bi-car- 

BOXT-GLUTACONIO AOID. 

CABBOXYL. Vxatyl. The monowalcnt acid 
radicle CO^H i.e. CO.OH. Its hydogen is always 
displaoeak fc by metals, cf. Acids. 

CABBOXYLIC ACID, so-called, v. Di-oxt< 

BENZKNE-DI-hniNONE. 

Di-hydw- carboxylic acid v, Tetra-oxt- 

QUINONE. h ^ 

Tri-hydro-carboxylic acid v. Hexa-oxy-benz- 

ENE. ^ ^ 

Oxy-carboxylic acid v. Benzene tri-quinone. 
I'-CABBOXY-OXAMIC ACID Di-ethyl ether. 
C,H„rO, i.e. Ca2Et.NH.C0.C0,.Et. [45°]. From 
CiCO.CO.Et and oxamic ether (Salom»,n, J .pr. 
[2] 9, 292). Needles (from etherl ; sol. water 
and alcohol. 

• o CARBOXY-PHENOXY-ACETIC ACID 

C,n,(C02H).0.CH2.C02n. CarbScy-phenyl-gly- 
collie acid. [187°]. Formed by oxidation of 
o-aldehydoruhenoxy-acetic acid with KMnO^, 
White needles. Sol. ^ alcohol, ether, and hot 
water.— A''Ag._.: white, sparingly soluble pp. 
Di-ethyl ether A"Et, : liquid. 

Di-amide C,H,0(CO.Nn.,)2. [158°]. Long 
yellow needles, sparingly soluble m ether, benz- 
ene, and hot water, v. sol. chloroform and hot 
alcohol (Bossing, B. 17, 2995). 

7n-Carboxy-phonoxy.acetic acid 
CJI,(C02H).0.CH2.C0 JI[1:3]. [206°]. Prepared 
by oxidation of 771-aldehydo-phcnoxy-acetic acid 
with KMnO,. Noodles; v. sol. alcohol, ether, 
and acetic acid, si. sol. cold water. — crys- 
talline (Elkan, B. 19, 3014). 

^-Carboxy.phenoxy-acetic acid 
C,H,(C02H).0.CH,..C0,JI [1:4]. [278°]. Pre- 

pared by oxidation of p-aldehydo-phcnoxy-acetic 
acid with KMnO,. White needles; v. sol. alco- 
hol, ether, and acetic acid, more sparingly in 
benzene, chloroform, and ligroin, si. sol, cold 
water. 

Salts. — A"Ag._.: white sparingly soluble pp. 
The P^ltu, and Fe salts are spariugly soluble 
ppsft-^^'dlil^ Cu and Ba salts are soluble (Elkan, B, 
19, 3044). 

o-CARBOXY-PHENYL-ACETIC ACID 

C,H,{C0JI)CH2.C02H [1:2]. Homophthalic acid, 
PhPMyl-acclic-carboxylic acid, huvitic acid. 
[174°]. Formed by saponification of benzyl- 
cyanide-o-carboxylic acid by boiling with dilute 
KOH. Colourless crystals. V. sol. alcohol and 
hot water, insol. benzene. 

Salts. -A"Ag2: insoluble amorphous pp. — 
A"Ca2aq; Sparingly soluble crystalline powder. 
--A"Ba : easily soluble crystals (Wislicenus, B, 
18, 173). 

vCIIj.CO 

^.nhjdride I . [141°]; long 

^CO-O < 

prisms v. sol. ether and chloroform. ^Formed 
b/Hhe action of acetyl chloride on'the acid. 

Ethyl ether ^ A^Et-j: (292°); thick aro 
matio oil (Gabrieli B. 20f 2499). 

.CH2.CO 

"" Imide Cgll.^o I di-oxy -isoquinoline) : 
r ^\C0.NH 

[c. 233°]. Formed by dry distillation of the 
fimmonium-salt. Short colourless needke (from 
alcolU)! or acetic acid). Sublimes in long crys- 
tals. ' 3l. sol. alcohol. Dissolves in aqueous 
caustic alkalis. Heated with POCl| at 160°- 
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170® it is converted into di-ohloro-iso-quinoline. 

• .(te,.co 

Methyl-^ide I : [ 123 ^^ 1 ; 

(314®-318®) ; long colourless needles ; v. sol. 
ordinary solvents. Dissolves in aqueous alkalis. 
Obtained by dry distillation of the yiethylamino 
salt of thesacid. By Mel^nd morfliyl -alcoholic 
KOH at 100° it is converted into a tri-metliyl 
• vCMe2.CO 

derivative | , [103°], which is 

\CO . NMe 

also obtained by methylati^ of the*' imide 
(Gabriel,* B. 19, 1G54, 2354, 2303). The imida 
and methi/Um^e combine with diaiio-beuzene in 
alkaline solution. 

Antic aci^ C«H,(CO,H).CH,.CONH, (hoibo- 
phthalamio acid) ; [187°] ; colourless needles. 
Formed by slowly warming benzyl-cyaiiide-o- 
carboxylic acid 0^1X4(00 JT).C I L.CH with cone. 
H2SO4 to 70°, and pouiing into water. 

Amic methyl ether 

C,H4(C02Mo).Cn2.CCiNII, : [ 112 °] ; crystalline 
solid (Gabriel, B. 20, 12u^). 

Benzene-azo-carboy-phenyl-acetic-imide 

N,— 

. [2G0°]. Formed by the 

O.NH.CO 


action of diazo-benzeno chloride upon an alka- 
iino solution of the imide of carboxy-phenyl- 
acetioacid. Orange-yellow needles (Gabriel, B. 
20, 1205). 

CABBOXT -PHENYL - BENZ - GLYCOC YAMI- 
BINE V. Bf.nzolycocyamidinr. 

CABBOXY-PHENYL-GLYCOLLIC ACID v. 

CAKBOXY-PIIK^lOXY-ACr/riC A(’II>. 

CABBOXY-PHENYL-MAIONAMIC ACID. 

et/t0rCO,Fd.Cli,.CiV\H.C,lT,.C(),IT. 
[173°]. A product of tha action of ma^jnio 
- et%5r OR m-amido-benzoic acid (ScbilT, A. 232, 
144 ; B, 17, 403). Hilvery needles When 
heated it ifVeaks up into malonic <14 v and 
raalonyl-di-amido-di-benzoic acid : 

2CO.,Et.CH...CO.NH.C,H,.COJl - 
C02Et.CH.;.CO.,Et + CH-.(CONH.0, 1 f ,CO .H)„. 

0 - CABBOXY -f HBNYL - METHYL - ACETIC 
ACID C„H4 (CO,II).CIIMo.CO,II. a^Methyl-homo- 
O'phthalic acid. Hydratropic-o carhoxj/lic acid. 
[147°]. Formed by lieating the imide willi fuming 
HCl at 200°. Colourless crystalline powder. — 
A'Agj : crystalline pp. 

.CllMe.CO ^ 

Imide | 

\CO NH 


Di-oxy-methyl-isoquinoline. [145°]. Formed 
by heating o-cyano-i>hcnyi-mothyl-aceto-nitrile 
C,H4(CN).^HMe.CN with cone. ILHO,*at cp 330° 
and pouring into water. Glistening prisms. 
Can be distilled undecomposed. DisT^olve^ in 
aqueous alkalis. By digestion with alcoholic 
KOH and Mel it is converted into the mothyl- 
imide of carboxy-phenyl-di-methyl-acotic acid 
^CMog.GO «• 

CuH.^ I . By rxiClj it is converted 
\CO . NMe % • 

into {Py. 2:4:l)-di-chloro-methyl-isoquinoline, 
whilst {Py. 4:2:1) -chloro-oxy -methyl -isorj in nol iHe 
is formed as a by-product (Gabriel, B..20l2503). 

o-Carboxy-phenyl-di-methyl-acetic acid 
C,n4(COjH).CMe3.COj,H. Di - methyl - homo - 0 - 


phthalic acid. [c. 123°]. Obtained by dissolving 
the anhydride in boiling aqueous NaOH and 
ppg. with HCl. On heating it is reconverted 
into the anhydride. By distillation with soda 
lime it gives isopropyl-benzene.— A'Agj : crys- 
talline pp. — A"K.,aq : plates. 

.CMo,-CO 

Anhydride 0„H4^ I . [86®]. 

. 0 

{3i2°) at 760 mm. Prepared by heating the 
imide or raetliylimidc with fuming Hfil (4 pts.) 
at 210° for 4 or 5 hrs. Flat crystals, slowly 
dissolved by aqueous alkalis, forming gaits of the 
acid. . 

XMe.-CDi 

Imide C„llj<^ |’ (di methyl -homo- 

^ \C0 NIL 

phthalimidc) : [120°] ; (31 8°) at I 10 mm. Pre- 
pared by the action of methyl iodide on a solu- 
tion of the imiile of carboxy-phenyl-acotic acid 
in mcthyl-al(#)holic Koll afr 100°. Flat needles. 

.CMc,.CO 

Methyl-imide | (tri- 

\CO-NMe 

mothyl-homo-phthalimide). [103°]. (295°) at 

770 minR Formed by further methyhition of 
the preceding imide or of the inethylimido of o- 

.CII3.CO 

carboxy-phcnyl-acetio acid CJl4^ | 

\C0.NMc 

Long needles. Slowly sublimes at 100°. V. sol. 
ordinary solvents, insol. alkalis (Gabriel, B. 19, 
2363; 20, 1108). 

CABBOXY-PHENYL-METHYL-F-m-PYBBYL. 
BENZOIC ACID C,„H,,Ni54 i.c. 

HO^C.C-.CM . 

i >N.C;n4.CO.H [210°]. Obtainc'd 
HC-.CPh^ 


by saponilication of its moiio-ethyl-elhor whicli 
is obtained by several days’ standing of an acetic 
acid solution ef acctopln i^nie aceto-acotic other 
(I mol.) and 7a-amiiio-bi!nzoic acid (1 mol.). 
Aggregates of coloMrless nec'iUcs. ^ol. ordinary 
solvents except water. 

Et0..n.7l:CMev 

lUhyl ether \ Nx.C.IL.C^D lI: 

HC:OPh/ 

[160°] ; slender yellow needles (from dilute acetic 
acid) ; sol. alcohol, ether, Ac. Its Ca, I>a, Sr, 
•aiid Mg salts are white granular pps. (Paal a. 
Schneider, B. 19, 31';2). 

o CABBOXY-PHENYL OXAMIC ACID 
c„}r,::o^ i.e. 0,114(00..^ .NJhco.co,H. [210°]. 

S. 11 at 10 °. , 

Fonnatimn. — 1. Id/i . \ting ''lie aeW wdth « 
o-amido-ben/oic acid at. 120°. 2. From carbo- 

styril and alkaline h .Vlri 04 ( Friedfllnder a Ostcr- 
maier, B. 11, 1916; 331). — 3. From acetyl - 

quinoline h Lraliydride and cnld dilute KMnO^ % 
(Hofmann a. Koniy^, />'. 16, 731).— 4. From 
cynurin or cyuurenic acid and alkaline KMnO, 
(kretschy, M 4,* 156 ; 5, 16). - 5, Formed by 
oxidation (P^.)-bromo-quinoline with KMuO, 
(Claus a. CoUischonn, B. 19, 

• rropcrtics. — Silv ry I'eiMles (containing arj). 
(from water), or geodes from ethm*). Dt'eoni- 
posed by dilute lyjids, or by long Doiling, into 
oxalic and araido-heiizoic acids. 

Salts .—(Nil, )..A" : minute felted needles.— 
KHA" iaq.— BaA'a'q.-Ball^A",, atf.- CaA"21a.i. 
CuA"CuO 4aq.— AgaA". , 

■ r» 9 
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Mono^$thyl §thtr 

0«H^(C0j^).NH.C0.C0^t. Ethyl-oxalyl-an- 
thranilic acid, [181®]. Felted needles. Formed 
bj oxidation of indoxylio etber or indoxanthio 
ether with CrO, (Baeyer, jB. 16, 777). 

m-Carboxy-phenyhoxamio acid 
C0,,H.C0.NH.06H4.C0;jH. Oxaloxyhami^^hen- 
zoic acid, 

Foi-maUon.—!. Byrboiling an aqueous solu- 
tion ^of the barium salt of cyano-Oarbjmiuo- 
amido-bdwzoic acid. — 2. By heating (equal’mols. 
of) m-amido-benzoio acid and anhydrous oxalic 
acid for aq hour at 180° (Qriess, B. IG, 330 ; 18, 
2412). 

Froperties. — Sna>a'll white plates.^ V. sol. hot 
water, in. sol. alcohol, insol. ether.— BaA"2aq. 

Momo-ethy I ether • 

COaEt.C().NH.lj,iH,.CO,il(ethoxal^enzainicacid) 
[225°]. Formed by boiling w-amido-bcnzoic 
acid with oxalic ether (Schitt', A. 232, 132; B, 
17, 402 ; Q. 15, 531).« Silky needle^ (from water 
or alcohol). When heated above 225° it splits up 
into oxalic ether and carboxy-phonyl-oxamido. 
Amide -ether CO,E t.CO.NH.C'l I ,.CONH,. 

[101’5°]. Got by heating ^a-amido-benzamido 
with oxalic ether. Gives with aniline thj aniidc- 
anilido CO(NnPl))CO.NH.C„H,CO.NH.. [c. 310°]. 
Anilide-ether CO.E t.CO.N H.C, TI,.CONPhTI 
[180°]. From w-amido-benzanilide and oxalic 
ether. Satiny noodles. 

Amic acid CO(NH 2 )CO.NH.C,H 4 .CO,H o, 
Phenvl-oxamide CAnnoxYHC acid. 

CARBOXY-PHENYL-OXAMIDE v . Piienyl- 

OXAMlDFw CAimoXYLIC AC II). 

CABBOXY-PHENYt-OXY ACETIC ACID v, 

CaUBOXY- PIIEKOXY -ACETIC ACII) 

0-CARBOXY - PHENYL PHENYL - CARB A . 
MATE C,H,(CO,H).O.CO.NnCJI,. 

Methyl ether C„n.(CO.,Mc).O.CO.N]IC,H,. 
[238°] ; long noodles ; sublimable. Fonned by 
heating methyl salicylatot with phonylcyanate 
(Snape, B, 18, 2131). • ^ 

m.CABBftXY-PHENYL-PHeSPHORIC ACID 
C,n^{CO,H).O.PO(OH)f [201°]. From its chlo- 
ride lind water. Scales, v. sol. water, alcohol, 
and ether. Water at 160° decomposes,' it into 
phosphoric and wi-oxy-bcn/.oic acid (Anschiilza. 
Moore, A. 230, 33.3). 

Chloride C.H.ClgPO., i.e. 
C,H,(COCl).O.rO.Ch. (170°) at 12mm. S.G. 
V6i8. From m-oxy-bcnzoic acid (1 mol.) and 
PClj (14 mols.). Further treatment with PCI. 
G mol!) produces CjHiCL.PQ.,. (l^'^^^) at 11 mm. 
This is» probably CtH,(Ch>’^>b,PCl,caiid is con- 
certed by water into CJI,(COaH).O.PO(On).^. 
^ further quaJiTtity of PClj converts C^H^Cl^PO.. 
mto C,H,Cl.CCl 3 . 

0-CARBOXY-/3.PHENYL.PROPIONIC ACID 

HO,C.C,H,.CH,.CH.,.CO,H. w[lGG°]. Formed by 
heating o-carboxy-bcnzyl-malonic acid to 190° 
(Wislicenns, A. 242, 39, c/. Gabriel a. Michael, 
B. 10, 2204). Prisms, v. sol. Pot, si sol. cold, 
water. 

CABBOXV-PHEHYL-SEBACAMIC ACID 

CO.,H.C«H„.QO.NH.C.,Bo;.CO,n. [193°]. From 
its ether by Saponification. Prisms. 
Mono-ethyl ether 

CO.,Et.C*H,„.CO.NH.C,H,.C02H. [146°]. From 
sebacio ether and m-amido-benzoic acid (Pelliz- 
sari, A. 232, 146 ; B. 18. 215 ; Q, 15. 650). 


wf-CABBOXY-PHEKYL-SVCOlliAMIO ACID 

O2H2(CO2H)C0.NH.0eH4.00^. BenzamBUCcini^ 
acid. [223°]. CoiourlesB prisms. Yts ethyl- 
ether is formed, together with di-j^ienyl-succin- 
amide di«d^rbox^io acid, by boiling amido- 
benzoio acid with an alcoholic solution of suc- 
cinic ether. On beating to its melting-point it 
loses HfO ai^ is converted into suecinyl-amido- 

beiizoia acid [236<>]. 

Ethyl ether " ^ 

C,H,(CO,Et)CO.NH.C,H 4 .CO^H [174°] ; glisten- 
iiig plates from water. 

A wide C.,H.,(CONH2)CO.NII.OoH4.CO,H 
[229°]. 

Anilide C 2 H.,(CONnPh)CO.Ni:.C«H,.CO,H 
[252°] (Pellizzari, A. 232, 146; B, 18, 214; O, 
15,-550; Muretoff, J. B. 4, 298). 

p-Carboxy-phenyl-succinamic acid 
[4:1] C,H,(CO,H).NII.CO.CH.,.OH,.CO,H. [226°]. 
From p-tol{rl-succinimido and dilute aqueous 
KMuO^ (Michael, B. 1C-, 777). Needles, si. sol. 
cold water and cold alcohol. Boiling cone. 
IJClAq gives succinic and p>amido-benzoic 
acids.—AgllA''. 

o-CARBOXY-PHENYL-SULPHUBIC ACID 

COoH.C,iH^.O.SO.j.OU. Salicyl-siilphuiic acid. 
Prepared by the action of on a solution 

of salicylic acid in strong KOH. By heating 
the K salt to 190° it gives K.,SO., and salicylide. 
— A"K,^. Colourless spikes, llcadily decomposed 
by dilute acids into salicylic acid and KHSO^ 
(Baumann, B. 11, 1914). 

jH-Carboxy-phenyl-sulphurio acid 
[3:1] CO,H.C„H,.O.SO,.OH. Prepared by the 
action of" K.S.Oy on a solution of w-oxybenzoCo 
acid in strong K()H.--A"K 2 : r220°--225° with 
decomposition]; needles, more stable towards 
dilute acids tha^, the ortho- compound; is de- 
composed however 100°. 

y;-Carboxy-phonyl-8ulphuric acid ^ 
[4:1] CO.Jl.C«H,.O.SO,.01t. Prepared by tlie 
action. tA ICS./), on a solution of p/ixybenzoio 
acid lii sffong KOIT. - A"K.^ : leaflets or tables. 
Does not deeomposo till heated to 250°. 

CARBOXY-PROP YL-ACETIC ACIDu. Ethyl- 
succinic ACID. 

CARBOXY - PYRRYL - GLYOXYLIC ACID 

C,Nn 3 (CO.JI).CO.CO;^H. Formed by the oxida- 
tion of pyrrylene - di - methyl - di - ketone 
(Cll 3 .CO).^C,H.jNH, or of pyrryl-methyl-ketono 
carboxylic acid, with alkaline KMnO^. Crystal- 
line; sol. et].\er, alcohol, and boiling water, 
insol. benzene.— A"Ag;i : yellow pp. 

Di-methyl ether A^Mcji [145°]; long 
colourless needles ; m. sol. hot alcohol, si. sol. 
ether and benzene. Potash-fusion gives pyrrol 
di-carboxyiic acid (Ciamician a. Qilber, B. 
19, 1412, 1957 ; G. 16, 373, 379). « 

CARBOXY-TARTRONIC ACID ^v. Di-oxt. 
tartakic acid. 

CARBYLO-DIACYTONAMINE v. p. 27. 

CARDYLAMINES v. (jAitnAMiNES. 

,<3ARDAM0MS, OIL OF. Employed in medi- 
cine as a carminative. 

1. From Gey^ n. The seeds of Eletta/no 
major contain 3*6 p.o. of an essential oil whicl 
cewsists of a terpene (170°-178°), terpinene, t 
solid ^nbfjtance [61°], and terpineol C^oH,^( 
(205°1220°). The latter is converted by HC 
into di-penteno hydrochloride, C,oH)«2H01 [62° 



OARMUFELLIO ACID. 



and by HI into C,oH,,2HI [76°]. The telTpene 
also gives a hydrochloride C^Hj„2HCl [62°]. A 
solid tetrdbromide could norbo got (Weber, A, 
238, 98). ♦ 

2. From Malabar. Thel*Bil fr Jbi Elcttaria 
Cardamomum slowly deposits crystals of 
CioHjjSHgO (Dumas a. P^ligot, A. Ch. [gj 57, 
334). 

CARDrtL CaiHaoOj m An ^il, occurring 
with anacardio acid in the pericarp of 

the casflew nut [Anacardium occidentals). It is 
sol. alcohol and other. It is not volatile; it 
blisters the skin. It givc%witli basic lead 
acetate ^ pp. of C;,iHo«(PbAc)().^PbO (^iideler, 
^l.,,63, 137). Anacardic acid C.j,H3o(011)CO.dI 
in alcoholh^^olution gives with metallic solu- 
tions pps. of the salts: AgV. — CaA'^atj^ — 
BaA^aq. — MgA'aq. — li& methyl ether is an oil 
(Ruhemann a. Skinner, G. J. 51, G63 ; B. 20, 
1861). 

CAEICIN. An oilv substance plcsont in the 
seeds of the Papaw tree (Carica impaya) 
(Peckolt, Ph. [3] 10, 313). 

CAEMINAFHE %. N.y'iiTiroQuiNONH. 

CARMIKIC ACIDIC,, The colouring 
matter of cochineal* which is obtained from 
insects of the genus Cocc7is, chieliy Coccus 
cacti. Cochineal contains only 10 p.c. colouring 
matter (Pelletier a.Tlavoiitou, A. Gh. [2j 7, 90; 
8,, 255; Warren dn la Rue, A. 01, 1, 23; 
Schiitzenberger, A. Ch. [3] 54, 52 ; Schaller, Bl. 
[2] 2, 414; Mihie, 0. ii. 08, 000; Dietorich, 
C. 0. 1807, 287 ; Lieberniann, B. 18, 1000). 
The lead salt is ppd. on ad>lii'g load ac<datc to 
an aqueous infusion of oovhineft] : by this moans 
the quantity of colouring mutter i\. cochii\oal 
may be estimated. Carmine/ a red pigmont 
prepared from cochineal, :4»p‘ ars to be a com- 
pound of carininic acid wj||^^h ifiiiminn, lime, and 
B^mo organic acid. Cochineal also contains a 
fat (in which are ethers of myristic aci/, of 
CnHaBOjartd of and a \vaxy‘.,abstance, 

coccerin (Raimann, M. 6, 801; LiohePma' n, B. 
19, 328). 

Properties. — Purple mass, sol. water and 
alcohol, si. sol. e^her. Its solution forms red 
pps. with the alkaline earths and willi acetates 
of Pb, Zn, Cu, and Ag. Alum and NaXO, give 
the alumitmum lake. « 

Reactions. — 1. Boiling dilute II SO, forms 
* carmine-red ’ and a sugar C^jHi.O., (lllasiwetz a. 
Grabowski, A. 141, 320). According to Liebcr- 
mann the formation of sugar is questionable,. — 
2. Potash-fusion gives cocciniti, oxalic acid, and 
Buccinic acid (H. a. G.). — 3. Cone. TI.SO, at 
130° forms a compound C JI..„0,;, and ruiiooccin 
G,oH,„Oa ILiebermann a. Dorp, A. W3, 105).— 
4 . HNOj forms nitro - coccic acid 
CATnO,)J),.- 5. By distillation with zinc-dust 
a small quantity of a solid hydrocarbon 6, JI,., 
is produced, this forms pl^Jtes melting at [187 
(Furth, B. 16, 2160)! 

Salt s.—Na^A".— K^A" a;aq. — BaA" .raq,^ 

Cocoinin 0j4ll,.^04. •Prepared as above. 
Yellow laminas (from alcoh^) ; insol. wattr, v. 
gol. alcohol, si. sol. ether. Sol. alkalis. The 
alkaline solutions are yellow and absorb oxyppon, 
"becoming green and, finally, purple.. Tlic solu- 
tion in cone. H.^S04 turns indigo-blue on warm- 
ing. On distillation with zinc-dust it yields a 


small quantity of a hydrocarbon whiah 

forms plates ;nelting at [187°].— 

Acetyl derivative. Yellow crystals, sol 
alcohol and acetio acid, insol. water (Furth, B* 
16, 2169). 

Ruflcocoin 0,„H,oO,. Formed as above. 
Brick-red powder, si. sol. warm water and ether, 
m.sol.*klcohol. The etliereal solutions fluoresce . 
green. The alkaline ^glutioiis are brown. 
CBnc. H..SO4 forms a violet solul^n.— 
CaC,,fTHO,,.‘ • 

• Compound C3..ir.,„0,3. BlJlck insoluble pow- 
der. Forms violcL solutions in KOHAq and 
cone. 11^804. Jb)th thi.s compouna and rufi 
coccin give^ [1,87°]*’ when distilled over • 

zinc-du.st. * 

Carmine :^d C,, 11,20,. Formed by boiling 
carminic acul witli dilute Il.St), {v. supra). 
Dark purple mass xvitb grciii lustre; scarlet 
when powdered. Alcohol and water form red 
solutions, ^nsol. ether. , Potash-fusion forms 
cocciiiin. Water at 200° forms ruliearmine 
C,«II,.A.- Salts: K2C„H,„0,. CaC,,n„AA'aq 
— l>aO,,IIn,0; iraq. — ZiiO,,n,uO, a:aq. — 
Zu(C,,H|,0,)2 o’aq. 

If oarmiiie-red bo dissolved in acetic acid, 
and treated with bromine two products are ob- 
tained, named provisionally (a)- and (^)-6romo- 
canuinc. Tlio (a)-bvomo-carniino is sparingly 
soluble in acetic acid and stqiaratos in crystals 
(yield; 10 p.c.), whilst the amorplums (i8)-bromo- 
carminc remains in solution and is ppd. on 
adding water, (the yitdd is 20 p.c.). 

* (a)-Bromo-carmino ’ C,,,ll,lh’,03 crystallises 
in 'Colourless needles, [2?8 'J, v. sol. alkalis. By 
boiling with strong aipieoiis KOI! it gives 

‘ (a) - Bromo -flioxy - carmine,’ so called, 

I 0,„II,.Rr20.-.., wliicli forms colourless crystals, 

1 [208°]. jjy its behaviour on etherification it is 
! shown to contain one CO. II and one phenolic 
I Oil groan. On oxidating wilh KM.n04 it yields 
two bodies..:-- (a) An .icid C„ll which forms 

colourless crystal*! [2 IV’J. By its naictions on 
nietliyl.-ition it is proved to con<?iin one Oil 
and CO, 11 grouj), xvlienBo it ]wobably has the 
con^itut'on C,(C[I.,)Br..(Oil)((3IIO)CO.,y or 
CJI(GiI,)Br2(Oil)CO.CO.,ll. (5) A neutral body 
C.,lI,Bi-.2b.„ [195 ^J, winch by its reactions is 
sliown to be a di-bromo-oxv-mcthyl-phthalic 
anhydride C,.]\reBr.,(OIl)(’,0./.b [1:2:1:3:5:6]. 

‘ (/3)-Bromo-carnnne,’ so called, is the second 
I product of the bromiriation of carmine-red, and 
i seg.’ii 'tes ill yellow amm-phoiis tlocks on adding 
we.crfo the gceti* acid solution. It is v. sol, 
alcohol, a%etic acrA nut ^v)Lild noi bo ob-^ 
taiued in a pure f/ ite. !>';« boiling with strong 
aqueous KOH it is roMvr.iqcd inIA 

‘ (/3)-Broino-oxy-car;nine ’ C,, IF, 111*304, which 
forni.s glisti-ning yellow needles, [232°]. It is 
di basic acid uid {(fiins red salts. On oxidation 
with KMnO, it yields two bodies:— (a) An aoid 
C,„II„Br„0,i vhifth forms colourless prisms 
(coiitainiVig aqf, and melts at [230°] with evolu- 
tion of CO2. From its reactions it probably haft 
•the constitution 0, MePr.,,{Ofl)(COii)CO.CO,2Hi 
(5) A neutral bodyATif^r.A identical with thai 
obtained from ^ the ‘ (a)-bromo^xy-carmiue ’ 
(Will a. Leymann, B. IB, 3180). 

CARMUFELLIC ACID C,2H2 oO,b. An acid 
said to be formed by the action #f HNO| on the 
aqueous extract of cloves. Micaceous jsoalea. 
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inaol. alcohol, ether, and cold water (Muspratt 

a.Dan8on,P.K.[4] 2,293)., . 

CAEN All BA WAX. Obtained from the leaves 
ol Covemicia cerifera in Brazil, and largely used 
there for making candles. It contains myricy- 
lio alcohol, 0«H„CH,0H [85-5»], a 
r69°l and compound others derived from the 
following alcohols and acids: myricyl alcohol ; 
•an alcohol C„H„,,C (1,011 [70°] ; » di-hyd^ 

ide of ligtioceric acid, [72 5 j, a 

acid isomeric or ‘'identical with cerotic acid 
Cl H CO.W [79°1; and an oxy-acid or tno 
formSk ^ its lactone 

c JSw Thealco,l\ilcLl[,.(CTipjI^ 
oxidation an acid „(€<)., 11). 2 3 

the oay-acid 0,.H»(CH,OII)(CO^ 
acid C„H3.(CO-J1).J90 ] (Sturcke, d. 223, 283, 
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acid C„H3.(CCrJI)., [UO J - 

cf. Lewy, A. Gh. [3] 13, 438 ; Itrandcs T. 1811, 
261: Maskelync, C. J. 22, 87 ; licniid, Z. [2] 4, 
415). The greater part of the wa^’ is myricyl 
cerotate and myricyl alcohol. 

CABNINE CyUgN/la. A substance occurring 
In extract of meat, and in the product of boiling 
yeast with water (Weidel, A. 158, 353 ; Schutz- 
Lbergcr, C. B. 78, 493). Obtained byf boiling 
with water the pp. thrown down from moat 
extract by lead acetate; the carnine crystallises 
from the evaporated filtrate (Kruckenberg a. 
Wagner, C. C. 1884, 107). Crystallises with aq, 

V. si. sol. cold water, insol. alcohol and ether. 
Bromine-water converts it into hypoxanthinc 
C.H.N.O.- BTICl: needles.— B'J^jBtCl,,. 

CABPENE C„Hi 4- (1*56°). Obtained, toge- 
ther with n-cresol, by'distilling calcium pofm- 
carpatc. Oil, smelling of turpentine ; resiinlies 
in the air. Forms an oily odmpound with bro- 
mine (Oudenians, B. 6, 1125; A. 170, 2i>‘2). 

CAKKOTIN C,.n3,(?) CarroUne. lie 
colouring matter of the carrot {Baucus Cajota) 
(Wackenroder, Oeigey^ Mag, 33, 144; Zeise, 
J, pr, 40, 297; Ilusenmnn, A. 117, 2UUj. 
Occurs also as a normhl cijnstil’icnt in the 
leaves of phftits, and in the tfmialo (Amaud, 
C. B. 102, 1119 ; 104, 11J3 ; Bl [2J 40, 487 ; 48, 
64). ^Inasmuch as no other coloured hydro- 
carbon is known, carrotiii probably cq'itains 

oxygen. , , 

Preparation.— ’n\c roots arc cut up and 
pressed, dried at 80" and extracted with 
The juice is ppd. with lead acetate and the pp. 

also extracted with CS:,. Carrotiii, hydrocarrotm, 
and fat arc obtained from the OS. solutions. 
The fat is saponified with* alci^iolic potash. 
Water f.nd BaCJ- are ^ The is 

*and extracted with acetone. On recrystallising 
from methyl alCohol hydrocarrotin separates out 
first (lleinitzer, ill. 7, 597). 

Properties. — Small red plates, v. sol. Ob.j, 
‘benzene; v. si. sol. absollltev alcohol ; and less 
sol. 90 p.c. alcohol. Insol. A(). Kapidly absorbs 
oxygen from the air. DissolveC in cone. 
giving a deep blue colour. YieMs a ^.rivative 
C2.H3X with iodine; this has a deep green 
colour, and metallic Mustre. Chlorine forms a 
chloro- derivative [120°][* *■ r -1 

HydiocaiOotin C,j«H,,0 (?) , [138 ]. [a]i,* 

-37-4^ in CIICI3 at -3-4°. Prepared as above. 
Greatly resembles cholesterin. Colourless, insol. 
water, v. sol. ^alcohol, acetone ether, CUClj 
and (JS, Crystallises from acetone in long 


needlbs, and from methyl alcohol in plates con. 
taining water. Besembles Liebermann’s choles- 
tol and Hesse’s ci!t)reol but diffem ftom phy- 
tosterin (Beinitzer, M. 7, 697). • 

Acet^^erit&tive[n8^\ coloured green 
by H0SO4, and rose by addition of chloroform. 
Benzoyl derivative [146®]. 

CARTHAMIN C,,,H„Oy. The colouring 
matter of salfiWer (Chev- 

reul ; Bchlicper, A. 58. 362). Washed saiUower 
is treated with aqueous NaaCOj, acetic«>acid is 
added and pieces of cotton are put m. iho 
carthamine that has been taken up by the 
cotton is subsequently dissolved off it by aqueous 
Na..C03, and ppd. by citric acid. Powder with 
red* lustre (from alcohol) ; si. sol. ..vatcr, insol. 
ether, v. sol. alcohol. Its alcoholic solution is 
purble. Decomposed by boiling >yith water or 
alkalis. Potash-fusion gives oxalic and p-oxy- 
benzoio acids (Malin, A. 136, 117). /rvxjv 

CARVAC?0L. 0,oH„0 i.e. C«H 3 McPr(OH> 
[1:4:2]. Cymenol. Mol. wv 650. [c-O ]. ‘-y-)* 

S.G. -‘.IBO. jUy,. 1*5252. Il.b . p- 68,181 
"i(C o f- 94,000 ; (H..,0) = 69,000) (Stohmann, 

J. pr‘m 34, 319). Occ irs in the essential oil 
of Origamim hirtum and, together w<th eyinene 
and a tcrpenc. in oil of Satareja hortensis and 
S. 7 mntana\ in oil of mint ^ 

Scrpyllam (Jahns, Ar. Pn. [3] 16, 277 ; B. 

816; Haller, BL [2] 37, 411; C. 94, 132; 
Beyer, Ar. Ph. [3] 21, 283). • 

Formation.—l, By boiling carvol 60 pts.> 
diluted with oil of caraway (50 pts.) with glacial 
phosphoric acid ( 1 2 pts.) for 3 or 4 hours (Lustig, 

B iq 11; cf, VOlckel, A. 35, 308; 80, «4l) , 
KekulC* a. Fleischer, B.«6, 1088; Kreysler, B. 18, 
1704). — 2. From camphor (5 pts.) by boiling with 
iodine (1 pt.) (Kekuld a. i’leisclier, B. 6, 934; 
cf. Claus, J. pr. 264 ; Sohwoizer, J. pr. 26, 
118* A 40, 329).— 3. ,!?rom bromo-camphor and 
1 ZncY. (Schifi, B. 13, 1408).-- 4. Pure camping’ 
cymeiie is, converted into its monosul phonic 
acid and the latter carefully fused tytili 3 pts. 
of KCXH (Jacobson, B. 11, 1060; cf. Pott, B. 2, 
121 ; H. Miillcr, B. 2, 130). 

Properties.- on. Fo^Clo colours Its alco- 
holic solution green. . . 

lieactions. - 1. On fusing with KOH iso- 
oxyeumiuio acid C.n,(CO,H)(OH)C,H, [1:2:4 is 
Tdrst formed and hiially oxy-tereplith'J,he acid is 
produced [B. 11, 1060). -2. P.,S, gives cymene 
and thio - carvacrol C,„H,|S. 3. Ps0.i forms 

cresol and ,no«ylouo.-4. l''e,Cl„ givcs di-carva- 
cro -5. PCI. forms chloro-oymeiie.— 0. Utam- 
Z'ccnc forms C„H,McPr(OH).N. C^, [80°.85°] 
and CJIMcPr(OH)(M.,CJI,,)., [12b°] (Mazzara, 
Q 15^ 214).— 7. Chloro-acctic acid in presence 

of an YlkalV forms car vacry 1-gly coyic acid 
C H,..().CH...CX).;iI. -8. H3SO4 forms one or two 
sulphonic rfeids of the formC„H.,MePr^H).S03H. 
Acco^ling to Jahns one only is formed, its salts 
being: KA'aq. - AgAJ2aq.— BaA'jjSaq. S. 12-6 
at 15®.— MgA'g 12aq. 

gl.odium salt.— CjoHiaONa ; white crystal- 

lmo^w<ler| C,A.®V'>. 

wlmso lA salts are I3aA', 3Jaq: v. si. sol. water, 

and liaJt'., flag, V. sol. water. 

Ethyl ether C„H..OEt: (236°); oilhavimi 
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&n odour o! carrots (Lustig, 19, 11 ; C. C. 0. 12, 49). Prisms, vI e. sol. alcofiDl, etheiy ab4 
1884,787). .‘chloroform, V ‘ 

Acet'jfl derivative (9,^uOAo : (246°). CABVACBYL MEBOAPTAV 0 ,oH, 4S ijL 

S.G. a 1-0U«? colourless liquid heavier than C,H,MePr(SH) [1:4:2]. (236°). S.O. ‘998. 

water. •• #• Prom camphor or carvacrol and PjSj, (Flesoh, B„ 

Bemoyl derivative C,oIImOBz: (above 0,478; lloderburg,!?. 6,669 ; Kekul6 a. Flei8cher> 
2C0°) ; thick odourless oil. B. 6, 934). Liquid. HNO, oxidises it to sulpho- 

Bicarvacrol. C.joH2«02. [154°]. Formed by toluio •cid (B('cliler, J. i r, [2] 8, 168). 
the actioil of ne»tral JPcoClg jon earvucrol Salts. — ng(C,oH,.,S),^ [109°] (Fittica, A» 

(Dianin, J. E, 14, 141). Thin silky needles 1?2, 32?). — C^II.aS.lfgCl, — ~ 

(from dilute alcohol) ; msol. water, v. sol. alco- C,ulit.SAgAgNO.,. • 

hoi and ether. • Methyl ether C,„TI„SAfc. (244°). S.G. *99. 

o-CABVACROTIC ACID C,„H,2{OTI)CO.JI. TRI-CABVACBYL PHOSPHATE 
Oxy-eyinene-carboxylic acid. *[136°]. lArcpared PO(OC,„H,;,)3. 175°J. Colourless prisnft or tables, 
by passftig CO^ over heated sodium carvacrol. Easily soluijlc in alcohol, etl#j, and benzene, more 
White silkjfcpeedlcs. Sublimable. V. sol. hot sparingly in*pr.tiolemn^eth«r. Formed by heat- 
water, alcohol, and ether, nearly insol. cold ing carvacrol with POCl, ; yield, 55 00 p.c. of the 
water. Alcoholic Fe.CL gives a violet colottra- theoretical (I#eyslcr, B. 18, 1704^. 
tion (Lustig, B. 19, 18). CARVACRYL-PHOSPHOR’lC ACID 

p-Carvacrotio acid C,„II,o(01I)C02H. Oxy- CsH.jMelh-.O.rOallo [1:4 ;2j. Formed by the action 
cymene-carboxylic acid. [80°]. Obtained by of POClj iijmn carvacrol, ^and treatment with 
oxidation of carvacroti^jrldehyde (from carvacrol, aqueous K .uO.,. The potassium salt A'K5aq 
CHCI3, and NaOII) with KMnO,. Long white forms larg(: silvery plates. By alkaline KMnO^ 
silky needles. Cap be sublimed and distilled' it is oxidised to oxyisopropyl-salicylic acid 
with steam. V. sol. hot water, alcohol, and C,Jl.,(CMe/)H)(OIT)C0^1I [4:2:1] (Ilcyinann a. 
ether, nearly insol. cold water. Clrecn coloura- Konigs^/V. 19, 3309). 

tion with alcoholic FcoCl^ (Lustig, B. 19, 16). TEIRA-CARVACRYL SILICATE Si (OC,„H,a)4. 

p-CARVACROTIC ALDEHYDE (3S0°-390°) at 118 mm. Colourless oil. Formed 

C,IL,(ClL,)(C3H,)(OH)(CnO) [1:4:2:5] (?) Oxy- by heating carvacrol with SiCl,; the yield ia 
aldehydo'Cyiiiene. (c. 236°). Formed by lieating 85 p.c. of the theoretical (Hertkorn, B. 18, 1694). 
carvacrol with aqueous NaOII and chloroform. CARVACRYL-SULPHURIC ACID 
Oil. Volatile with steam (Lustig, B. 19, 14). C..Il3MePr.O.SO;,II [1:4:2]. Cumyl-sulpliuricac’uU 
An Isomerlde [96°] has also been described Tlic 7X'Acs.s/«/a mlt is formed by adding potas- 
as ^-carvacrotic aldehyde. It is left as a rcsi- sium pyrosulphate to a warm solution of car- 
duo after distilling off the volatile aldehyde vawrol in a<]ueous KOfJ.» Silvery plates. V. sol. 
with steam. White silliy Hat plates. Easily water and rbtohol. By alkaline permariganato- 
soluble in alcohol, ether, and benzene, sparingly it i.s oxidisiul t* oxyisoprojiyl-salicylic acid, 
in hot water, insoluble in cold water (Nord- C,TI.,(CMf\.()H)(OTI)CO^H [4:2:1] (lloymann a. 
mann, B. 17, 2032). ^ Kunigs, R 19, 3309). 

CARVACRYL-AMINE*C,„TI,3NII,. Melhyh CARVENE. A terpeno present in oil of 
‘jfg'O'pyl-plmiyl-aminc. (242°). Formed, together caraway, v. T’kiu'enks. 
with di-carvacryl-arniiie, by lioaiing carvacrol Nitroso-carvene **. CAivoxim. 

with amironiacal ZnBr,, or ZnCl^ aud NlI,Br CARVEOL 0,JI, (219°). Thick fluid, 

or NHjCl at 360°-360° ; yield, 25Ho '>0 p.c. Formed by redvclion of carvol wildi sodium and 
Colourless oil, which solidifies at —16° alcohol. With phenyl ^^'anaio it reacts to form. 
B'sH^ClaPtCl^: yellow prisms, si. sol. hot water, caiveyl-phenyl-carbamato [84°J (Leuchart, B, 
Acetyl derivative C,oH,:,.NIIAc : [115°]; 20, 114). 
white glistening tables ; si. sol. hot water, v. sol. C.^iVEYL PHENYL -CARBAMATE 
warm alcohol. C,„H,50.CO.NPhlI. [81°]. Formed by the action 

Benzoyl derivative C,JT,3.NHB/. # of phenyl cyanalc upon carveol C^oHiyOH. 
[102°]; flat glistening crystals; nearly insol. Slender needles. V. sol. hot alcohol, si. sol. 
water, si. sol. cold alcohol, v. sol. hot alcohol, ether and ligroin (lieucluirt, B. 20, 114). 
and benzene (Lloyd, B. 20, 1201 h CARVOL G,„H,,0. (228°) (It. Bchiff, B. 19» 

Di-carvacryl-amine (C, (,11,3* NTT. (344°- 5r, 2). S.G. (Oiudstone, C. */". 49, 621) ; 

348°). Formed as above, the yield is 27 to tiE' .1574 (l*ucl^- . Bh. [3] 22, 361). 

40 p.c. Colourless oil. V. sol. aleohol, ether, ju,, l*5()2tr (G.). H.\ 7u^b'8 t^.). S.^ 190‘28. 

and benzene. Its solution in cone. ILSO, is IJ.F.p. 48,250 ((C,0.) — 9 1,000 ;i(H.3,0) = 69,000) 
coloured blue by nitrites and nitrufes. -^BTICI. (Stohmann, J.p.. [J ] 34, 322). 

— BVHaf^i-.PtCl^. Occurrmcc. — In oil of caraway {oleum carv'^ 

Acet'^ derivative (C.„II,3)2N»Ac : [78°]; together with car^i i.o (173°) (Vblckel, A. 
white gli^ning scales; v. sol. hot alcohfd and 216). In oil ef dill {Ancthum yravcolcns) and of 
ligroin, si. sol. in the coldJLloyd, B. 20, 1261). mint {Meniua c^ispa). Tlie carvol in the oils of 
OARVACRYL-GfiYCOLLIC ACID i.e. carawa.'^and ^f dill is dextro-rotatory, but that 

C,oH,gO.CHa.CO.^H. [140°]. From carvacrol, from oil of mint is luivo-rotatory [a]u=» _62-4<> 
chloro-acetio acid and po^sh (Spica, G. 10,345). < at 2° (Beyer, Ar. Ph. W 21,2^). According 
Flat needles.— PbA'.—AgA'^ • to Fliickiger (.Ir. PL^i] 22, 361) the rotatory 

Ethyl ether EtM. I'c. 100°]. (289°). power of carvol is [a]i, = 58 2°. a 

Amide C,,^n,,()2.NH... [68°]. ^ Properties.— Liquid. Carvol from all three 

CARVACRYL-LACTIC ACID CjaMj^Oj i.e. sources forms the same crystalline compound 
CjoHisO.CMeH.CO.^H. [74°]. From 6arvacrol, (C,„H„0)..1I..S when is passed into 

n-ohloro-propionio acid, and potash (Scichilone, its alcoholic solution. When prepared from oih 
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of caraway or of dill this oompouad is dextro- 
rotatoiy, [ajn « + 6’6® at 20°, but when obtained 
from oil of mint it is laBVO-rotatory,[a]0= — 6'6° 
at 20°. Dilute alcoholio KOH in the cold libe- 
rates carvol from this compound. Protracted 
treatment with H^S converts carvol in alcoholio 
solution into the amorphou8*(C,oH, ^8)21128. 

Beactions. — 1. Distillation over solid KOH 
or PjOj changes carvol into the isomeric carva- 
crol^Kekul6 a. Flcis^xcr, B. 6 , 1088). — 2. PfS, 
forms ci?mene. — 3. P-^Sj gives thio-caif'acrol 
C,oH,,SH. — 4. Dietillation over hmted zhic-di/Lt 
gives (173°) and cymeno (Arndt, Z. [2] 4, 
730 ; B. 204).— 5. Sodium in alcohol forms 
carveol {(j.v.).—Q. ^Dry IICl gas passed into a 
mixture of carvol ^l.<mol.) and acctu-acetic ether 
(I mol.) forms the compound C,„Ho..C104 pos- 
sibly C„H„Cl:G(OH).CH(CO.CH,)t JO,Kt. [140^]. 
Glistening white prisma (Goldschmidt a. Kisser, 
B. 20, 489).— 7. Hydroxylamine forms the oxim, 
V . Cauvoxim. 

Carvol - phenyl - nydrazide C,oi£n:N JIC,H5. 
[106°]. Formed by the action of phenyl-hydra- 
zine on carvol (Goldaclunidt, B. 17, 1578). 
Slender wliite needles. Sol. hot water. 

Carvol-chloro-hydride C,JI,-ClO. ^Jhjdro- 
chlorocarvol. Oil. Formed by leading dry UCl 
into carvol. 

Oxim C,oH,,Cl(NOH) : [132°] ; tables. 

Formed by the action of hydroxylamino upon 
carvol-chloro-hydride or of HCl upon carvoxim. 

Benzoyl. oxim C,„H,,,Cl(NOP»5) : [11.5°]; 
needles (from petroleum-spirit) (Goldschmidt a. 
Ziirrer, B, 18, 2220). 

Phenyl - hydras>ide OioIIisC^NjjIIPia) : 
[137°]; small white prisms. 

Carvol bromo-hydride C,oH,5BrO. Oil. Re- 
composing at about 50°. ^ 

Oxim O.oH, Jlr(NOH) : [116°]; prisms 

(from ligroin). 

Phenyl - hydrazide C,oH, ,,T>r(N..TIPh) : 
[119°]; slender yelloW netidles (Goldschmidt a. 
Kisser, B. 20, 488, 207 l)x 

ConstitaUon of carvol. « 
lie- G.Pr =CH 

Cprvol 1 I 

UC— CMoII -CO 
is probably the pseudo-form of 
IlC-CPr-ClI 

Carvacrol | | 

HO - CMer=C(OH) 

(Goldschmidt, B. 20, 490). According 10 Glad- 
stone (0. J, 49, 621) the presence of two pairs 
of doubly-linked atoms of cjVrboir in the mole- 
I'jule of t'arvol is* jr’’ ..,;ea its md’.eculur re- 
fraction. ^ 

CARVOXIMf C,„H„:N(OrT). Nitroso-hesperi. 
dene ornitroso-carvene. [71°J. Largo colourless 
^transparent plates. Sol. e.cijls and alkalis. 

Foiimtion. — 1. By the action of hydroxyl- 
amine upon carvol. — 2. By glassing nitrosyl 
chloride into a methyl-alcohuljc sojiition of 
carvene, and heating to its melting-point the 
crystalline hyirochlojide C,oH,„ONCl which pre-, 
cipitates. 

Reactions f—l. By heating with dilute IL^SO* 
carvol is regenerated.— 2. By passing HCl gas 
into its methyl-alcoholic solution the oxim of 
carvol chloro-hvdride {v. supra) is formed. 

Hydrochloride^'liG\\ white crystalline 


solid*; decomposed by water; lormea oj pamiug 
HCl into the ethereal solution. 

Methyl 6th e9 OioH„:N (OMe) : •colourless 
fluid. 0 

Benz<^.derm\ative C,oH,^;N(OBz): [96°], 
white glistening needles, v. sol. alcohol and 
benzene (Goldschmidt a. Ziirrer, B. 17, 1677 ; 
18, 1729). 

Iso-carvomm C,o^„(NQH). [143^], possibly 
CPr<^^g^ Obtained, together 

with a small quantity of carvoxim, by the action 
of excess of hydroxylamine on a solution of 
carvol **,hlorohydii[de or bromo-hydride in alcohol 
(Goldschmidt a. Kisser, B. 20, 2071). ♦Needles, 
si. sol. alcohol; sol. acids and alk{\iis. Unlike 
carvoxim, it does not combine witl^ HCl or HBr. 
Dilate 11.80, forms carvacrol and a compound 
C,.H„NO [94°]. 

Benzoyl derivative 0,oH,4(NOBz) : 
[112°] ; scales, v. sol. alcohol. 

CARVYL'aMINE C, 4J,,.NH2. Formed by 
reduction of carvoxim C,uiln.NOn in alcoholio 
solution, by sodium-amalgam and acetic acid. 
Colourless liquid, of {^trongly aromatic basic 
odour. Ileadily absorbs CO., froiui the air.— 
B'FICl: [c. 180°], slcndef silky needles (from 
alcohol). 

Benzoyl dcrivatii}^ C,uH, 3 .NHBz : [169°] ; 
wliite needles (Goldschmidt a. Kisser, B. 
20, 48()). 

CARYOPHYLLIN CJT^O^ (?) A substance 
that may be extracted liy alcohol from cloves, 
the di'ieil tlower-buds of Carj/opJ'f/llns aroma, 
tints ( My 1 ills, B. J. 22, 452; Muspratt, Ph. 
10, 313). Silky noodUjs in stellate groups ; sub- 
limes at about 285°. SI. sol. cold alcoiiol, sol. 
boiling alkalis. PCI5 forms C^uH„.,0.,Cl and 
C,oH.,, 03C1,. ^ . 

Acetyl derX-uaHve [184°]. Monoclinio 
crystals (Hjelt, B, 13, 800). ^ 

Caryophyllic acid C,„ll,i,0,2. From caryo- 
phyllin and fuming UNO., (Mylius, .J(. 6, 1053). 
Amor^[yhml%; si. sol. water, v. sol. alcohol, other, 
and HOAe. May he crystallised from fuming 
UNO.,. 

Salts. -Na,A"".-Ag,A"".- Ba,A"" l.laq. 

CASCARILLIN C,J1„0^. *[205°]. 8. -127 at 
100° ; S. (aloohol) 3’33 at 8°. Extracted from 
licascarilla bark (from (hoion Klndherui and 
Casc(irilla) by boiling water (Mylius, B. 6, 1051 ; 
cf. Tuson, C. J. 17, 195; Duval, J. Ph. [3] 
8, 91). Minute prisms (from alcohol) ; tastes 
hitter. Not aiieoted by boiling dilute IIOl. Can- 
carilla bark also contains a volatile oil (173*- 
180 °). 

CASEIN V. PnoTEjns. 

CASEOI&E V. PltOTElDS. , 

CASSONIC ACID C^H^O,. Formed, together 
wuth s;accharic and oxalic acids, in th^ oxidation 
of cane sugar by HNO3 (Siewert, Institut. 21, 78). 
Also from glyconic acid and UNO., (Honig, 
1879, 6()V). Syrup, Reduces ammoniacal 
AgNv’^j to a mirror.-- paA"iraq. 

C^STORIN. Castoreum is a hard black sub- 
stance (soft when iresh) found in a pair of small 
sacg situated in the genital organs of the heaver 
(Castor ‘.fiber and ameiicanus). An alcoholio 
extract deposits flrst fat, and then castorin. 
Castoreum also contains a volatile pungent oil* 
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ehol«6terin» a resin, prote'ida, CaCOs, ancl in- 
organic s^ts (Valenciennes, j[, 1801, 803). 
CASTuk OIL.* A fatty oil obtained by 

f iressure from the seeds of Ricinus communis. 
t 8olidi6.es at about —18°, Iftft S.G^ftbout *909 
at 12®, and is dextro-rotatory, [a] ■» 12® (Popp, 
At. Ph. [2] 145, 233). Castor oil consists chiefly 
of glycerides of stearic and ricinolcic acids. It 
is complelfely dissolved 5 voft. of 90 p.c. 
alcohol (Hager, C. C. 1|70, 389). Dry distilla- 
tion gives acrolein, cenanthol (heptoic aldehyde) 
and an acid (CjiHajO-Ja: (Pussy a.Xecanu, J.Ph. 
13, 67 ; Stanek, J. pr. 03, IJS ; Lei;ds, B. 10, 
290; K^fft a. Brunner, B. 17, 2985). •HNO3 
oxidises it to heptoic, oxalic, azclaic, suberic, 
and (/9)-pidt4lic acids (Arpjje, A. 120, 288). , 
The products obtained by saponifying castor^oil 
and distillingithe resulting alkaline ricinoleato 
alone or with NaOH are methyl hexyl ketone, 
scc-ootyl alcohol, and sebacio acid (Neison, G. J. 
27, 507, 837). Cone. H.^S04 convei4s castor oil 
into ricinyl - sulphu«i<? acid C,hH 3;,O.DSO;,11, 
which by the addition of wf ter breaks up iuto^ 
ricinoleic acid and M^SO^. b’rom the fatty acids 
derived from the Turke^-red oil prepared from 
castor oil, dVystals of^ di-oxy-stearie acid 8ep:i- 
rate after some time (Bcnedikt a. IJlzcr, M. 8, 


/*» 

CATALPIC ACID [200®]. Ex- 

tracted by ether from decoctions of the siliqua- 
coous capsule of the Biejnonia GutaJpa. It may 
bo isomeric with hydrocardenic acid (Sardo, G. 
14, 134). Large white crystals, v. si. sol. water, 
sol, alcohol aAd etlier. - i}aC,,ll,,0,. Oaq : white 
glistening lamina). — Ag.A"; a white pp. 

CATALYSIS V. Chkmi^al ciianoe. 

CATECHTNS C,„H,hOh daq ( 1 llasiwetz ; Cross 
a. Bevan, C. J. 41, 92); C, (Elti, M. 2, 

647) ; C..,II^oO„ (Liebormann Tauclicrt, B. 13, 
694); C4 oH,, 0,„ and C,,J*;„0,« (Gautier, C. R. 

6G8). This name has heen given to various 
compounds contained in cat(?cliu or Terra japo- , 
nica whicJi is extracted by boiling \jjater from ; 
the fruits or twigs of a variety of plants : Bom- 
bay catechu from tlie fruit of Arvea Gatcchu, 
Bengal catechu from twigs and unripe pods of 
Acacia (or ]\[Lmma) Catechu, Garnbir catechu 
from Nauclca {Uncaria} Qavibir, and Nuhimi 
catechu from some Acacia. Catechu is used in 
dyeing. * 

Catechin C..,II,„0« (Gautier, G. R. 85, 752); 
C,„H,hO, 3aa (C. a. B.) ; C„H,,,0,5a<i (L. a. T.). 
[217®]. S. (alcohol) 20 at 15®,; lethcr) *8 at 
15® (Wackenroder, A. 37, 311). Ohlained from 
Bombay catochu by wasliing with water and 
crystallising from acetic ether (Ij. a. T. ; Ijowc, 
Fr. 13, 113 ; Zwenger, A. 37, 320 ; Neubauer, A. 
90, 337 ’,4 Kraut a. Van Deldon, ^1: 12!*, 285 ; 
HlaslKvetz a. Matin, A. 131, 118; Ktti, J.. 180, 
337 ; SchiMizenberger, Bl. [2] 4, 5; ,^acc, C. R. 


63 , 1102 ). 

Properties.— SmJill nwjdles (from water). 
V. si. sol. cold water, v. sol. liot \Vater and 
acetic ether. The aqueous solution is coW»rcd 
green by FeaCl^. The solution in KOHAq ab- 
sorbs oxygen, turning brown.%Lead acetate^ives 
in aqueous solution a pp. of (C5j,IIa(,0„).3PbU (?) 
Catechin solutions are ppd. by albumen, *ut 
not by gelatin. , 

Reactions.— 1, Boiling dilute HaSO^ forms 
catechuretin.— 2. With TICl and KCIO, it gives | 


CaoHj^Cl^O.a ? (Cross a. Bevan, C. 41, 92) 
which is turned crimson by Na^SO,. Catechu- 
tannic acid does the same.— 3. Br gives bromo- 
catechuretin O^iH^BryO,?, a red insoluble powder. 

4. Water and PI3 give 0^,11.^, 0„, an elastic 
insoluble mass. — 5. HOAo and BaO^ give 
a colourless powder which melts below 
160® (Schiitzeuberger a. Hack, Bl. 4, 8). — . 
6. Aqueous K,Cr,0, forms C,,I1^40,o, a brown 
insoluble powder. — 7. Fotash-fusion gives <|lhlo- 
roglu4in and i)rotocatophnbj acid (Hlarf^vetz, A. 
134, 118).— 8. Dry distillation gives pyrocate- 
chin.— 9. Boiling dilute J1..SO, form^ insoluble 
CiiTIifiO, (Ncuhnner, A. 9tL 350), or C^Jl^oO,., 
(Etti).— 10. ^loilingflilutcKO^l forms 0 ,^,H,„Ob(?) 
a brown powder, sol. alcohol ami alkalis. — 11. 
HI gives iodo^rm and other prod nets (G.). 

Di-acetijL derivative CT|*1|hG,-{OAc).^ ; 
[13l°J ; needles or prisms, ^^olublo in ordinary 
solvents cxcc])! water and ligroin (L. a. T.). 

Di-bcn^ yl dcrivat^jve C,,1 I,h 07 (OBz)._j. 
Flocculent brown substance (S. a. H.). 

Diacetyl-dichloro -cat cell in 
C„II,„Cl,{OAc)_.0, : [109®]; needles. Sol. al- 
coliol, 3I. sol. ether. 

Dicmetri I- bromo -catechin 
C2,H,.Br(OAc).p/, [120®]. White needles. Sol. 
alcohol, si. sol. ether. 

Catechuretin .0 ^ C;,hH 2 hO, 2. 

Formed by passing HOI into a boiling alcoholic 
•solution of catechin (Kraut a. Deldon, A. 128, 
291). Formed also by heating catechin with 
eonc. HCl at 170°. Dark rcildish -brown in- 
soluble powder. Not changed at 190 

*Di-benz()i/l derivative O.^jHi^Bz^Oif?) 
Formed, to;, tlier with di-bonzoyl-catochin by 
heating cati cliiu hvith BzCl at 190 ’. Brown 
mass. 

Catechin 2aq. [205®]. S. 9*9 at 

60®. Occurs recording to Gautier (C. R. 80, 
008) in Gamhir-catecliu J,ogothi?r with the two 
followiii;' onfrchins ; Hliey are extracted by alco- 
hol a!id cryshilli.s# aftifr evaporation with exclu- 
sion of air. ]\r<?noclinic prisms. • 

Catechin C^dla.O,,; aq.^[177°]. Minute needles 

(v. .'•<7pr(i). • 

CaVchinC^„H,«0,„aq. [103®]. S. 6*3 at 60®. 
Mijiute needles (v. supra). 

Catechin 0,^11, ,0.,Hq. According to Etti 
{M. 2,547) this is the formula of the catochin in 
(Jamhir and JVgu entecliiiis. At 100^ it becomes 
C,„I1, .,(>♦, at llirH ealecliutannic acid Ca^H^.Oij 
and -4 180 ’ C,,n,,GM- latter is also got 

by heating cfiiechin for some time with dilute 
li.,S(>,. ♦ K. •, 4 

Reactions, -1. Diazobolzcna chloride givcj 
(CJl>,).D,.,JJ„;0„a red crystallHie pp. sol. alco- 
hol liind "ether; it dyrs wool golden-brown.— 
2. Dilute H.SO, (1:8) at 140® gives phloroglucii^ 
and pyrocatc bin. • 

Catechin [H>5®J. In mahogany 

{Acajou) (Gautief , Bl [2] 30, 508). Latour a. 
Cazeiieufc {Bk [2] 24, 119) give this catechin 
the formula CiioHjdGM. 

• Catechin C.olV ),^. [ UO®]. In brown cate- 
chu (G.). # 

CATECHOL V. PynoCATKcniN. % 

CATECHUIC ACID v. Catechin and Proto- 

CATECUUIC ACID. 

CATECHUTANNIC ACID Of 

C.JI,iO,5(?) Extracted by water from cjtechu. 
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Formed also by heating catechin a^one at 130% 
with water at 110°, or by boiling 4 with alkalis, 
lime, or Pb(OH)2 (Etti, A, 18(5, H32 ; Ldwe, J.pr. 
105, 32, 75; Z. [2] 5, 638 ; Fi. 12, 285). Dark 
reddish-brown powder. V. sol. acetic other, 
V. e. sol. alcohol, insol. ether ; m. sol. water. It 
oxidises in the air. It gives d greyish-green pp. 
with FeXl„. It docs not pp. tartar-eniettc. Its 


articlb, however, precludes such a treatment of 
the subject as would deal with lesser variations, 
and we shall therefbre confine our atlention to 
those celluloses which constitute llie fully ela- 
borated ploMkt fibf®. Plant tissues seldom if 
ever consist of pure cellulose but contain be- 
sides other products of gro^Yth, either mechanic- 
ally bound up with the tissue, and therefore 
aqueous solution is m:>d. by gelatin, albumen, 1 frequently removable hy meehanical eneans and 
and^jy dilute At 1(52^ it (fiianges*to j by the action of simple solvents, or c/tewicaZZy 

C^.^H;,40 i?(?) which resembles catechutanniT'. acid united to the cellulose^ combinations* of this 


in all respects — (C..,li,«OH)J5PbO. 

CATHi^RTiC ACID. The active principle 
in senna leaves. It is a ghicoside. It contains 
only C, H, and Its 11a and Pb salts are 
amorphous (Kubly, til. [2] 7, 35(5^; Stockman, 
rh. [3] 15, 749; cf. Lassaigne a. Foneuille, A. 
Ch. [2] 10, Ift; Bourgoin, 0. H. Ifi, 1449). 

CADLOSTERIA V. CnOLF.STERIN. 

CEBAE OIL. Obtained by distilling with 
water the wood of J{iiiipcrus vinjiy^ana. Con- 


latter kind constitute the compound celluloseSt 
and are only resol^.d by a chemical process. 

Prctmration.~^\iQ isolation of pure cellulose 
depends upon its relative insusceptflbility of 
chemical change. The general njG(({hod of pre- i 
paration from raw fibrous materials consists in 
ex]5osing the moist fibre or tissue tp the action of 
chlorine gas or bromine-water in' the cold and 
subsequently boiling in a dilute alkaline solu- 
tion ; rei)eating this treatment until the alkaline 


tains cedreno and cedar-cam phorV According ' solution no longer dissfflyes anything from the 
to Bertagnini (0. Jt. 35, HOO) it contains a com- 1 tissue or fibre. Tjio cellulose is then washed 
pound which combines with NaltSOa. I with a dilute acid, water,, alcohol, and ether, 

Cedar-camphor L74°J. (282*^). i and dried. r 

V.D. 8*4 (calc. 7*7). Crystalline mass cmelling | Obtained, in this way, or by tho 

like cedar-wood, V. si. sol. water, v. sol. alco- j ordinary process of bleaching from cotton or 


hoi. Distillation with splits it up into 
water and cedrene (Walter, A. Ch. [3] 1, 498). 

CEDRENE (237°). S.V. 7*0. S.G. 

I- *984. Obtained as above (Walter, Z.c.). 

Cedrene. From oil of sage (English). C, 411^4. 
(260°). B.G. *915. Yellow or green oil. In- 
active. llesinified by H.SO, (4:1) even at 0°. 
Gaseous HCl turns an*cthercal solution pui^ile. 
The refractive index seems to indicate four C:C 
groups (M. M. P. Muir, 0. J. ^7, 686). 

The name Cedrene has been used as a 


linen (tlax), or in the form of Swedish filter 
piaper, the typical cellulose is a white substance 
more or less transparent,' retaining the micro- 
scopic features of the raw fibre. 

The elementary composition is expressed by 
tho i^crcentagc numbers (E. Schulze) : 

0 44*0 4f*2 

H 6*4 6-3 

O 4th6 49*5 

or by the corresponding empirical formula 


generionanie fortlio liydiMarboiis C„H„,w).icU ; Tljose mimbors icin-es'cnt the coi.i- 

OTCur in tho oils of cedar, c'ovca, patchouli, position of lhe‘'dv.^ and asii-free cellulose, 
cubebs, calamus, cascarilia, rosewood, &c. {v. ! ^^‘'•T'rly all celluloses contain a certain propor- 
Teupenes). Codrcnes clotxdy resemble the ter- I tion, however small, of ?n(ncmZc()n.s//72tmZs* ahd 
pence in Uicir optical f.roiKirtica, which point i the union of these with the oryi^uio portion 
to the cxistijiice of pairs ci doubly liiiKed j 
carbon atoms (Gladste''/ie, C. J. 49, 617). 


C!|f-BRIRET V. Cierulignon. 

CELLULOSE. njC.Il.^OJ. »‘S.G. 1*^5- 1*45. 
Occurrence . — Cellulose is the basal suostance 
of the skeleton of plants, and indeed may be said 


of th^ fibfi3 or tissue is of such a nature that 
the ash left on ignition preserves the form of 
the original. It is only in the growing point of 
certain young shoots that the cellulose tissue 
is sometimes found free from’ iniiicral constitu- 
ents (Ilofmeislcr). The proportion of hygrosco- 


to constitute tlio framework of tho vegetable which is an essential, constituent 

world. The problem of its oriKiii is ns much | ot cellulose under ordinary atmospheric con- 
V _i ..1 :,.„f 1,. — * ..... I ditions, vanes from 7 to 9 p.c.; the mean variation 


physiological as chemical. It docs nqt appear 
to be formed as the immediate product of tho 
synthetical action of the ..cell ,upon carbonic 
anhydy/de and water^ b^V.t nr; 'jiately (pm .starch, 
sugar, and other carbohydrates, through the 
intervention cl the cell prolopla.sm. The me- 
chanism of this transformation, as well as tho 
inverse conversion of cellulose into the simpler 
* carbohydrates, has not uee i elucidated, but is 
assumed on physiological grounds to be of the 
simplest ciiaraetcr. There i^ nothing in this 
assumption which contravenof tho evidence 
afforded by the chemical relationsliips of the 
carbohydrate group, which are likewise simple.* 
Adapting itself to the infinite variety of 
structure at.d function presented by plant tis- 
sues, cellulose occurs in muftitudinous forms : 
audio any given structure is subject to differenti- 
ation, modifiq3,tion, or variation of elaboration 
within very wide limits. The scope of this 


due to variations in the hygromctric state of the 
air is about l^p.c. 

Cellulos is insoluble in all simple solvents ; 
it is dissolved by certain reagents but only by 
virtue of a pr^^ceding constitutional modification. 
The mosfr remarkable solvent of cellulose is 
cupra^nmonia (Schweitzer’s reagent) in which it 
dissolves .without essential modification,'*' being 
roco^'ored by precipitation in a folin which is 
chemically identical with tho original (Erdmann, 
J. pr. 70, 385), though differing in being amor- 
al Cellulose In its earlier et&ge of elaboration has no 
action upon light, but wfCh age it acfiuircii the property of 
double refraction. 'JW'is action is independent of the state 
of aggregation of till* cellulose and Ia therefore an essen- 
tial property of the substance itself (Sachs, Exp, Phy$. d. 
Pj^mzen, p. 398). 

■ TheHnorganic constituents of bleached cotton amount 
to 0*l-0»2 p.D. of its weight. In the manufacture of the 
‘so-called Swedish pai>er, the proportion is reduced i»y 
i special treatment of the cellulose with acids. 
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phous. This reagent has been employed in a nations of tissues: this is its reaction with 
variety of forms, a fact which explains the dis- iodine. The reaction, although similar to that of 
crepancieif in the statement^as to the solubili- starch, differs in requiring for its determination 
ties of the vfrious celluloses in cuprammonia. thepresence of an auxiliary (dehydrating) reagent 
The following methods of aj^l^ing reagent such as sulphuricov phosphoric acid or zinc chlor- 
are to be recommended. idc. The most etfectivo solution is prepared in the 

The substance to be operated upon is inti- following way ; ziiTo is dissolved to saturation 
mately mixed with copper turnings in a tube in hydi-ftchloric acid and the solution evaporated 
which is narrowed kelow#and pij^idod with a to the &p. gr. 2*0; to 90 pts. of this solution are 
stopcock. Strong ammonia is poured upon the adflcd Gpft. potassium ioaid»Mlissolvcd in l#pt3. 
contents^f the tube anif after standing for some water * and in this solution iodine is dibffolved to 
minutes is drawn oil and returned to the tunc; saturation. By this roiigeutcfillulose is coloured 
the operation is several times repeated until the 1 instantly a deep blue or violet. ^ 
solution of the substance is effected. • | OoMconNus of Ciua-ruosi^ — Colluloseisgene- 

Porhdj^a the most convenient solution, though ; rally inactive towards coin|f(giuds contained in 
not so effective in all cases as the former, is that dilute aqueous solution ; hence its extensive em- 
prepared by dissolving ppd. cupric hydrate in I ploymerjt in tho filtration of solids from solu- 
ammonia. preparing the reagent in this tions. Never#ieloss it exhibits A tendency to 
way it is important that the hydrate should ho incipient combination even with acids and 
thoroughly washed, preferably out of contact with alkalis (Mills, C. J. 49, 159) ; with metallic salts 
the air, before dissolving in the strong aqueous it forms commiunds of sullie;ent stability to cause 
ammonia. Cotton is^npidly dissolved by this their rcinovarfrom solution, hut the combination 
solution. The soluble compound formed is re- is of an indefinite and unstable order (Erdmann, 
presented by Muldv as (C^H,oO,,),Uu(NH,):..0. J. 7G, 985). (C/. Gladstone, J. pr. 6G, 217; 
It has been doubted vvdiethcr this compound Muller, Fr. 1,84; 0\Sliea, G. J. Proc. 1, 20G.) 
exists actuary dissolved in the viscous solution ; Certain carbon compounds, such as the organic 
an investigation of the osmotic properties of astringents, and many of the colouring matters 
the liquid, however, shows it to be a true solution natural and artiludal, unite with cellulose to 
(Cramer). From an Extended investigation of form comijoiiiids of various orders of stability ; 
the optical properties of the solution B6champ of these wo would more particularly instance 
concludes that the solution of tho cellulose is ' amongst others many of the ilcrivativcs of di- 
not simple but is accompanied by progressive phenyl which possess a specific power of direct 
molecular transformations, the optical activity combination with cellulose. Altliougli such com- 
(dextrorotator)|| of tho products increasing to a binations are of great technical importance, being 
maximum corresponding to a condition of cquili- the^oundation of the artw*of dyeing and printing 
brium ultimately attained (C. li. 100, 117, 279, they arc not sullicicnlly systematised to deserve 
968). more than this piissing notice. On tho other 

The soluble bases (NaOII, KOll) added to tho hand some of tho substitution-compounds of cel- 
solution give blue gelatinous pps having thoconi- lulose with acid radicles are both detinite and 
positiou(CJI,„ 05 ) 2 CuM" 0 . 4)ig5^tedwitii finely di- stable. 

vi^ed lead oxide the solution yields the compound Acptyl-ccllulose. - Tlio tri-substituled com- 

OjHioOj.PbO. Cellulose is re]>pd.,a.5 a gelatinous pound C, 11^' is formed by heating 

hydrate, on the addition of acids, as .veil as of celluloso with tiiftes its weight of acetic 
many neutral bodies such as alcoliol, '^uga , ami anhydride at l^ffO’, and separatefl* as a white 
common salt, or even on largely diluting with llocculent i>p. ou dilutifig tho syrupy product, 
water and’ allowing to stand. The pp. dried in Tri-acetyl-ccllulose is insoluble in alcohq) and 
vacuo is obtained as a transpaient ma.ss re- in etlu^*, and is soluble in glacial acetic acid, 
sembling gum-araoic. On digesting the ammo- It is saponified by boiling with alkaline solutions, 
nia-cuprio solution upon metallic zinc, this tho colliiiose being regeiierafed. No derivative 
metal pps. ^he copper, replacing it in the solu-< containing more than three acetyl groups has 
tion and producing the corresponding aininonia- been obtained; but a mixture of tho mono- and 
zincio solution of cellulose, whicii is colourless, di-acetylcellulose is formed by treating cellulose 
The property of celluloso of bciii" dissolv(^d by with only twice its wcijdit of acetic anhydride, 
cuprammonia receives an impoifant technical th( formation pf these bodies being unattended 
application. A sheet of paper left for a short by their .sol^i lion. ^ ^ 

time in contact with the cuprammonia, so that Cellulose nitr^es. [f'jpu:h{lin i — NitroccMic* 
tho constituent fibres are supcrlicially attacked, lose.) — Whenever cl MuIoso in an>'<orm is brought 
and then passed between rollers am? dried, bo- into contact will: btro.ig nitric acid at a low 
oome^ impervious to water and its cohe.sion is temperature, a nitro-pro<l net or nitrate is fonnoJ^ 
not affected at the boiling heat. IVo sheets The extent of thc^niuation depends upon the 
thus treated adhere firmly together, and ^?^tll a concentration of the acid, upon Iho duration of 
sufficient number, artificialjjoards are produced, its contact with iJie cellulose, and on the state 
A variety of materials are now produced in this of the iiiiysicyj aivision of the cedluloso itself 
way, on the manufacturing scale, useful^ for The first investigation of the.sG substances 
roofing and other purpose (0. It. A. Wright, 4ates from 1898, when Pel -uzo slnfwed the idon- 
Journ. Soc. Cliem. Ind. 1884/». 121). « tity of several of these jiroducts obtained from 

Beaciions . — Cellulose has Steady been spoken paper, linen and starch. t| Knop and 

of as a comparatively inert substance, audits also Kamarsch and Heeren found that a mix- 
characteristio reactions are consequently few. ture of sulphuric and nitric acids also formed 
One of these is available for its identffication nitrate of cellulose; and still latr^ (1817) Millon 
and is chiefly used in the microscopical exami- and Gaudin employed a mixture of aul^ihurie 
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«cid and nitrate of potash and soda, which they 
)und to have the same effect. Although gun- 
ottons or pyroxylines are generally spoken of 
8 nitrO'Cclluloses, they are more correctly de- 
cribed as cellulose nitrates, since they have not 
fcen found to yield amido- bodies on reduction 
wth nascent hydrogen. The following are the 
innerai properties of these compounds ’1(Eder) : 

1) When warmed wit,h alkaline solutions, nitric 
ici(f\B removed in varying quantities,‘*dependent 
ipon tfife strength of the solution erafloyed. 

2) Treatment wi^n cold concentrated sulphuric 
,icid expei's almost the whole of the nitric acid. 
(8) On boiling with^ferrous sulphate and hydro- 
chloric acid, the ritrogcn is expelled as nitric 
oxide; this reactioii is used as a method of 
nitrogen estimation in those bodies. (4) Po- 
tassium ?.ulplly(]r{atc, ferrous acetate, and many 
other BubBtances, reconvert the nitrates into 
cellulose. 

Several well-characterised nitrides liavc been 
obtained, but it ia a matter of dilliculty to pre- 
pare any one in a state of purity tind without^ 
admixture of a higher or lower nitrated body. 
The fi)!lo\ving have boon described under a no- 
menclature having reference to aC,^ fof^nula : 

iicjca-nifrn/e.— C,2H,,(N03),,04 (gun-cotton). 
Prepared by treating cotton with a mixture of 
UNO, (S.G. 1*5) 8 parts, and ILSO^ (S.G. 1-84) 

1 part, for 24 hours, at a temperature not exceed- 
ing 10^ ; 100 parts of cellulose yield about 175 
of the compound (calc. 188). Insoluble in alco- 
hol, ether, or mixtures of both, and glacial 
acetic acid ; with acetone it forms a jolly and is 
slowly dissolved. It iS' the most explosive of'tho 
teries igniting at 100^-170°. Mixtures of sul- 
phuric acid and nitre do ntt give this nitrate 
(Eder). Ordinary gun-cotton may contain as 
much as 12 p.c. of nitrates soluble in cther- 
alcohol ; the hexa-nitratc scorns to bo the only 
one quite insoluble in, this menstruum. 

-C,.JI,j^NO,)r,0,. This com- 
position has been very**com'rionly ascribed to j 
gun-cotton.* It is impossible pnqmre it in a ■ 
state of purity by tln^direct action of the acid j 
on cellulose. It is prepared by dissolving the j 
hexa-nitratc in nitric acid at 80'^4)0®, cooling to | 
0°, and adding concentrated sulphuric acid, by | 
which the penta-nitratc is precipitated ; after : 
mixing with a large volume of w.ater and wash-M 
ing the precipitate with water and alcoliol, it is 
dissolved in ether-alcohol and tinaPy ro-pn;- 
mpitated by water. This nitrate is slightly 
soluble in acetic acid, nearly insoluble in alco- 
hol co>''taiinng gnly,,p^,'7'niaS /voportion of ctlicr. 
Strong potash solution converts it into the di- 
nitrate. ' 

Tctra-and tri- nitrates (collodion pyroxylinc) 
-arc generally formed together Avhen cellulose is 
treated with a more dilute rt.ud at a higher tem- 
perature and for a shorter time than in the case 
of the hexa-nitrate, e.g. 4 >als. HNO, (1*88), 

6 vols. ILSO4 (1*84) at ()5°-70'^ f'lr 6 10 minutes. 
They are freely and equally soluble in ether- 
alcohol, acetic ether;' and mixtures of acetic achl 
and wood spirit, or al'ddiol, and are therefore 
inseparable.^ They are insoluble in pure alcohol, 
ather, or acetic acid. On treatment with con- 
centrated nitric and sulphuric acids they are 
converted into the higher nitrates. Potash and 
flmmpnia convert them into the dinitrate. 


i>t-mfmfs0,,H,a(N0,)30gi8 formed as already 
indicated, and also by the action of hot dilute 
nitric acid on cellulose. Freely solublb in etber- 
alcohol, acetic ether, acetic aoidf^wood spirit, 
acetone, ab^ftiute alcohol. The -further 
action of alkalis on the dinitrate results in a 
complete resolution of the molecule. 

The cellulose nitrates have generally much 
stronger absowtion-a/liniticB for colcuring mat- 
ters than the celluloses. They are much 
less susceptible of attack by acid ’oxidants 
than cellulose itself, and are therefore used in 
the filtration of ^lutions containing e.g. chro- 
mic ac^id, permanganates, and, of course, nitric 
acid of any degree of concentration. >htric acid 
of S.G. 1’42 has a remarkable t^Ufehening ac- 
tion upon filter paper: the modification is effec- 
ted by simple immersion, and .the paper so 
treated is increased in strength tenfold, under- 
going at the same lime a contraction amounting, 
in circles, tfi about j\, diameter. The cellulose 
so tn^aiod contains no'^iiUrogen (Francis, C. J. 
47, 188). 

Cellulose and sulphuria acid. — Cellulose is 
disintegrated and dissolved by the concentrated 
acid to a colourless solution. The products are 
sulphates of a series of compounds of which the 
celiulosos and the dextrins may bo regarded as 
the extreme terms. Thijy arc easily isolated in 
the form of Ba salts. The composition of the 
suljihates may be expressed by the general for- 
mula The variations in 

composition and in physical projierties are func- 
tions of tlie temperature (5° 88^) and duration 
of the action. The limits of specific rotation 
of tliese sulphates arj [ajj - - 8*65 and + 72*99. 
These ethereal salts are entirely decomposed 
by boiling with alcohol : the resulting carbo- 
hydrates may regarded as the corres^wnding 
alcohols. In compo ition and properties {e.g. 
their reactions with iodine) they constitute nn 
extended scries, beginning with soluble cellii- 
l4)ses and^terminatiiig in achrodextrn (Hdniga. 
Sch/bert, /!/. 7, 455). Wliile it is impossible to 
dolcrinine Die mcclianism of these successive 
resolutions of the cellulosi! molecule with the 
precision attainable where snph changes may be 
reversed, and therefore completely studied, they 
certainly establish the typical connection of the 
celluloses with the sini])ler car bohrd rates, and 
in a much more complete way than the coinci- 
dence of empirical formuhe. 

Prior to Uio researches above detailed the 
initial terms of the transition series had been 
similarly obtained and descrilied under the terra 
Amifliykl, a term selected to indicate their resem- 
blance to starch. 

A. practical application of the reaction of 
cellulose with sulphuric acid is fofind.jn the 
manufacture otparclmient paper. .The process 
con^sts in the rapid passage ot the paper 
through the strong, acid (y.G. 1*6-1*6). followed 
by copious washing. Tne result may be de- 
8C|;i^d as a superficial conversion of the cellulose 
into amyloid, whereB|y it acquires the properties 
whi'jh have obtaried for it the designation in 
question [cf, Hofmann, A. 112 ^ 243). 

Cellulose and chlorine. — Dry chlorine has 
no actiftn upon cellulose ; the presence of water 
detcrinines an indirect oxidising action, but 
there is no direct combination of cellulose with 
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chlorine. By heating cellulose nitrates with ^lios- 
phorio pentaohloride and oxychloride at 
and evaperating the excess A)f the reagents at 
170^, a viscQiis liquid is left* miscible with aL 
oohol and ether, which appnaes to Ij^omposed 
of, or to contain, a chloride of cellulose or a 
cellulose derivative (Baoyer, B. 2, 54). Bromine 
is without action upon cellulose : specimens left 
for several months jp contact wiUi strong bro- 
mine-water were not sensimy attacked (H.Miiller, 
PflanzernfaseTf p. 27 ; (f. Francliimont, R. T. C. 
2, 91). 

Cellulose and Oxygen. Oxycellnlosrs. — Two 
of these compounds or series St compounds have 
been destribed. * 

{a).Oxymllulose (Witz, Bull. Rouen, 10, 41G ; 
11, 180) isfoftned by the action of solutions of 
the hypochlorites upon cellulose. Exposed to the 
action of a soflition of bloachiiig powder (5 }).c.) 
for 24 hours, the fibre is converted into a friable 
modification having the composition C 4;> 0, 
H 6-2, 0 60’8. Other^QXidising agents produce 
similar results ; even by exj)osure to air and 
light cellulose is |lowly converted into these 
oxidised derivatives. Tl^dr formation is aecoiii- 
panied by Molecular resolution, as is .sliown by 
their reducing action ftpon alkaline copper solu- 
tions: the product giving tliis reaction is dis- 
solved by alkalis to iiPyellow solutioji. These 
oxycelluloscs have a strong attraction for basic 
colouring matters : also for vanadium com- 
pounds, attracting these from a solution c«tn- 
taining so minute a quantity as 1 pt. in 
1,000, 000, 000.| Upon this pro]»*rty a method 
has been founaed for the (luantitative estimation 
of minute traces of vaitVidiiim in H<iueons solution 
(Witz a. Osmond, Bull. Roucu, 11, 30). The 
study of these oxycelluloses is of great import- 
ance to the manufacturer of .rile materials. 

{$)-Oxycellulo8e C,„II..^,n’^t'ross a. r>«ii,van, 
C, J. 43, 22) is the residual product (insoluble) 
of the prr.longcd digestion of cellulose witli nitric 
acid (20-31^ p.c.) at 90”^ G. On wasl.Ing with 
water to remove the acid the snbst/fnee .gela- 
tinises. It dries* to a horny colourless mass. It 
is characterised by jts reaction with sulphuric 
acid : on gently wajmiii g it d i ssol ves w i th develop- 
ment of a bright pink colour, the reaction re- 
sembling that o5 mucic acid, to which, on other 
grounds, il^is probably related^ A fresli pre- 
paration, treated with a mixture of nitric and 
sulphuric acids, dissolves, and on pouring into 
water the nitrate C,gIl 23 (N 03 ) 30 ,, sejjaratos as 
a white flocculent pp. • 

Chromic acid . — Cellulose treated with i^otas- 
sium dichromate in presence of acetic acid is 
converted into glucose, dextrin, and formic acid. 
Permanganates under the same condition ^effect 
a simjlar decomposition. 

Chmmic anhydride in presence of culjdiuric 
acid decomjftsea cellulose rapidly and compltltely, 
the carbon being entirely converted into the 
gaseous compounds CA) ana CO^. It has been 
proposed to apply this to the quantitative esti- 
mation of carbon in cellWoses and collumsic 
mixtures (Cross a. Sevan, C. 62, 207). * 

Alkalme oxidations . — The permanganates 
and hypochlorites in presence of alkalis oxidise 
cellulose to a syrupy mixture of acidstof the 
peotio series (H. Mfiller, PJlanzenfaser,‘v. also 
S. 0. L B, 206, 291). Fused with potassium 


hydrate the cellulose is oxidised to oxalic acid, 
malic acid being obtained as an intermediate 
product. 

Electrolytic oxidants . — The nascent oxygen 
and other electronegative ions liberated in the 
electrolysisof various saline solutions have a very 
powerful action i<^)on cellulose. These actioiiii 
have been made the subject of interesting ro . 
searches by E. Goppelsroeder (D. P. J. 254, 4*2). 

• Cellultse and Hydrol^ic Agents. 9 

(1^ Dilute acids. A large number ^ acids, 
ofganic as well as mineral,* attack cellulose, 
producing hydration changes, attonej^d by dis- 
integration of the fibre. The action is gradual 
at ordinary temperatures, mid is of course ac- 
celerated by^applying In al.* The study of these 
actions is of the first impel tfinee to the cellulose 
technologist (•irard, C. li. 81, H05 ; Cross a. 
I'cvan, .S'. C. I. 188,5; Croolfes, Handbook of 
Dyeing and CaUco-printinr/, p. 19). 

It is worthy of note lieyi that the cellulose 
isolated fronr grass and hay, and many others 
less highly elaborated than the celluloses which 
•we arc at present cdiisidering (cotton and linen), 
are decomposed on boiling with dilute mineral 
acids wi^li formation of furfural. 

(‘J) Alkalis . — Dilute solutions of the alkalis 
are without sensible action upon cellulose, oven 
at temperatures considciralily above the boiling 
point: when, however, oxidising conditions are 
Buperadded, molecular resolution sets in. The 
joint action of calcium hydrate and air at the 
boiling tomperatiirc is esp(>eially powerful, oxy- 
celluloso being produced (Witz, loc. cit.). Con- 
centrated solutions of tlid alkalis (NaOlI, KOII) 
at ordinary temperatures act in a very remark- 
able way upon ccll*losc. There appears to bo a 
‘ molecular ’ combination of tl)e rf'agents in tho 
proi)orlion C,.Jh„Oi„:Na.,0 (Mercer) which how- 
ever is easily resolved by washing with water. 
But the characteristics of tho fibre and the fibre 
substance are found ‘o hhvo undergone a per- 
maiicnl. rnodificat^n. >Tliere is a considerable 
shrinkage in linciir dimensions : in c^fttton fabrics 
tK-.'ited with caustic sodatj}olution of S.G. 1*225 
this amounts to 25 p.c. The correspojiding 
modijicAtions in microscopic features have 
been irivesligated by Crum (C. J. 1863), the 
changes being found similar to those which 
(►take place in the ri])ening of the fibre in the 
plant, viz. from a fiattenod tube with large cen- 
tral cav^y, to a thick -walli.'d cylinder with 
small lumen. Tho chemical idiango produced 
is, "o far as li|is bgen ascertaiiied, entirely one 
of hydratitm, and rs^qri^'e that t^e only 
evidence or the cnange is vfle increased capa-*^ 
city for hygroscopic moisture. THis amounts to 
5 p.c. of the weight of the cotton, the proportion 
calculated for tlie formula C,Jh„ 0 ,o.ll 20 being^ 
5*5 p.c. From this»fa<!t we jmiy also infer that 
the normal aUraction of cellulose for atmo- 
spheric moisture is a residual manifestation of 
the inolc^ilai combinations which are seen in 
the multitudinous hydrates of cellulose found 

or constituting, growi ag tissues. Mercer, 
who appears to have ‘first investigated these 
phenomena, further found tliat tln| addition of 
hydrated oxide oi* zinc very much increased tlxe 
action of the caustic solution : thus a solution 
of sodium hydrate of S.G. 1*100, ^’hich is with- 
out marked action, is rendered very actije by 
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tlie addition of the oxide in the proportion 
ZnO:2Na.jO. He also found th^t the actions 
wore favoured by low temperatures {v. Life of 
John Mercer by E. A. Parnell, London, 1886). 

By these characteristics the hydration phe- 
nomena in question are seen to be closely 
related to those attending the action of the 
Schweitzer reagent {supra). The more {Powerful 
action of the latter we must refer either to the 
specific action of the ^ammonia upoif the edn- 
densed fddehydic molecules of which ceVjulose 
appears to be constituted, or to the particular 
relationship of the molecular weight of the 
cuprammonia in solution to that of the cellu- 
lose or cellulose hj^tftate which it forms. 

The action of concentrated solutions of zinc 
chloride is similar to that of the alkaline hy- 
drates above hydrates. It is rcmiirkable on the 
other hand that ^a saturated solution of zinc 
nitrate is without action (Mercer). 

(3) Wii/er.— TIoaJted in contact with water, 

cellulose is attacked at 160°, but not below 150° 
(Scheurcr a. Grosseteste, Bull. MulhoiLse, 1883, 
62-86). Heated at 200° in ' contact with water 
in scaled glass tubes it is fundamentally re- , 
solved, being converted into highly-coloured ] 
products, insoluble for the most part, with a 
small proportion of soluble derivatives amongst 
which are furfural and pyrocatechol (Hoi)pe- i 
Seyler, B. 4, 15). | 

(4) Ferments . — There are, it can scarcely be I 
doubted, endless transformations of cellulose ! 
determined by the so-called soluble ferments, | 
though but few have been investigated. The 
soluble ferment of the ‘toxglovc is stated to o»jn- 
vert cellulose into glucose and dextrin (Kos- 
mann, Bl. [2] 27, 216). Thedluidfrom the ver- 
miform appendix of the rabbit has also been 
found to digest cellulose with liberation of marsh 
gas and formation of a soluble compound which 
reduces cupric oxide in alkaline solution. 

Proximate SyntheSes 4)f Cellulose. — Trans- 
formations of the Bolublcfcarbphydratcs into cel- 
lulose, whio' 1 we may regard tas a proximate 
synthesis of this body^are, as already stated, an 
impo^.ant feature in tlie life of plants. The 
mechanism of these changes has been thus far 
but slightly studied, and they are of a ILind to 
elude chemical investigation. Of those which 
have been studied wo may notice (a) There is a 
changesetup ‘spontaneously’ in beet juice which 
rcsultsin the formation of a hard white s^j^bstance, 
having the properties of cellulose. On trans- 
ferring tliese lumps to a solution of pure cane 
sugar, 9 further transfe^inaU?/? of*tho saccharose 
^into the same sffo.suuico is hi ought ^about. At 
the same time*. here is produced a gummy sub- 
stance which is ppd. by alcohol as a w'hito caou- 
^tchouc-like substance of the same composition 
as cellulose but swelling up ^^(ith water and other- 
wise differing in its physical projjerties from 
cellulose. This latter derivative is also formed i 
by the action of diastase upnij, a sqjution of 
saccharose. A similar transformation takes place 
under the irfduence#of certain fatty seeds, e.gn 
those of rape and colza., *«and it is probable that 
the formation of cellulose from saccharose in 
the plant takes place under ‘the influence of 
ferments similar to those above described (Durin, 
C. B. 82, 1108^. 

More recently A. Brown has investigated 


the fdrmatioh of cellulose by the * vinegar-pfaim* 
growing in solutions of the carbohydrates, e.g. 
dextrose in yeast-welter. The cells elaborate an 
extra-cellular film, which acts as ad coil-collect- 
ing modiuifl^* and^l^ny possess, therefore, a two 
sided activity, i.e. the property above mentioned, 
in addition to their strictly fermentative activity. 
The cellulosic film in question was found to 
contain 50-6(^,p.c. p%re cellulose. iX is note- 
worthy that in a solution of levulosethe growth 
of the ‘plant’ is unat^nded by fermentative 
action, 33 p.c. of the substance being on tho 
other hand transformed into cellulose (0. J". 
48, ^ 

a 

Other Forms of Cellulo|^e. 

We cannot attempt to enumerlte the multi- 
tudinous varieties of cellulose which the plant 
world presents. Some of these, ^hon isolated 
in the pure state, resemble the typical cellulose 
above descriJ)od, e.g. the cellulose of hemp and 
rhea. Others, especially rf^V.ch as require a drastic 
l^roccss of resolution, e.g. the cellulose isolated 
' from jute and wood by the qhlori nation method 
(infra), resemble rather the (a)-oxycelluloses. 
Thus jute cellulose ( 3 C,iH,„ 05 .np) reduces 
cupric oxide in alkaline solution, and is much 
more susceptible of degradation by hydrolytic 
reagents than those of tlTv^ cotton type. Cellu- 
lose from pinewood is similar in composition 
and properties. 

Cellulose from esparto and straw, isolated by 
treatment of tho plant substance with alkaline 
solutions boiling under pressuii) -which are 
amongst the most important of tlie staple ma- 
terials of the paper-maker — are distinguished 
by their reaction with aniline salts, being coloured 
a deep pink on boiling with solutions of these 
cojnpounds. Many of tho celluloses are d.ocom- 
l)osed on boiling Ntith^ljliite acids with formation 
of furfural and formic acid: hay cellulose yields 
under certain conditions a volatile crystalline 
body, which appears to be a furfurad^dcrivative, 
but issstilPunder investigation. 

It may be mentioned here that the term cellu- 
lose is ajjplied by plant physiologists and agri- 
cultural chemists to substance^ which would not 
come under tho definition, upon which this 
article is based, of cellulose as tho (vvhite) in- 
« soluble residue which survives tlie #pxhau8tivo 
treatment of plant substances alternately with 
chlorine, bromine, or oxidising agents, and boil- 
ing alkaline solutions. 

Animal cefiulose.— The mantles of the Pyro- 
somid}», Salpidie, and Phallusia mammilaris, 
freed from chondrigen by boiling in a Papin’s 
digester and further purified by prolonged boiling 
with potasii solution, yields a residual substance 
which not only has the ultimate com|)OBil^on of 
cellulose, but has identical propertms, e.g. dis- 
solve in cuprammonia, is convert^ by nitric 
acid into an explosive nitrate soluble an ether 
(Schafer^ A. 160, 312). According to Virchow 
ccll^ose is found in degenerated human spleen 
and in certain partf« of tho brain (C. B, 37, 
4!)2„JB60). 

Compound Celluloses. 

Plan6 tissues, always containing a propor- 
tion oS cellulose more or less large, frequently con- 
tain other con&H.ituents so intimately united ta 
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(iio 4 e!lulosc as to mask its reactions.- From \he | 
ciroumstances of their occurrence and formation 
it is not tQ bo expected thaf the line can be 
sharply drawut between mixtures and combina- 
tions of cellulose with non celfcilose col^tituents 
of either fibres or tissues. Fr6my {Ann. Agro- 
nomiqueSy 9, 529) recognises the existence of the 
following compounds distinguished from cellu- 
lose chiefly by their di^ereni beha^^ur to hydro- 
lytic reagents and cuprammonia ; (1) Fibrose, 
constituting the memft'anes of wood cells; 
(2) ParaceUulose, constituting the membrane of 
tlie pith and medullary rays, and (3) Vasculose 
constituting the membranes* of the vgesels. 
The valuf of this somewhat arbitrary classi- 
fication is Questionable (Sachsso, Farbstoffe, 
Kohlehydrate,%c., p. 150), and the distinctions 
which it seeks to establish have not been gene- 
rally recognised. On the other hand, there are 
certain groups of substances widely distributed 
throughout the plant world, n'liich,j,vhilo they 
liave certain features ipocommon with the cel- 
luloses, are sufficiently distinejj to admit of che- 
mical classification apart from them. Generally 
speaking,* these substanoes arc made up of a 
cellulose and*a non-cellulose portion, the latter 
conferring the spccia' ^features of distinction. 
The compound cellulose thus constituted is re- 
solved, by treatment 451th reagents according 
to the methods to be described, into cellulose or 
a cellulose residue on the one hand, and soluble 
derivatives of ihe non-cellulose on the other. Of 
these groups we shall consider typical members. 

The followii|^ are the comi)ound celluloses 
sufficiently characterised to warrant special de- 
scription under class nh’mee : the nomenclature 
of these compounds is explauicd by their cha- 
racteristic resolutions. 


« C 43*7 

. H 6-9 
0 50*4. 

The non-cellulose constituent is therefore a 
substance of lower carbon percentage than cellu- 
lose. From its yi(ilfling pectio acid on boiling 
with alkalis, it is obviously a substance allied to 
pectin. Since the fibre yields about 20 x^o. of 
its yeight »t the acid deryative wo infer i^J^e- 
pendcntly that it is a substance coi^ining 
approximately 41 p.c. carbon;, which confirms 
the view of its constitution above expressed. 

I Man^ther plant fibres are made up d! or con- 
tain peclocelluloses (Webst^#, C. J. 43, 23) ; 
peetic derivatives were idenyii%d by Schunck in 
the products of the action of boiling alkaline 
solutions upon^raw cotton (Proc, Manchester 
Lit. Phil. [3] vol. iv ). • 

The cellular tissue of a large number of 
fruits, c.g., the apple and pear, and roots, e.g., 
turnips and ciJrots, is composed of pecto-ccllu- 
loses. 

• Lignocelluloses.-iTlio course of lignification 
in i)lants is marked by profound alterations in 
the physical properties of the tissues undergoing 
this modification ; the tissues lose their elas- 
ticity, become coloured from grey to brown, and 
the substance of the tissues manifests the 
clmmical properties about to be described. 

Jute.- -Aggregate percentage composition; 
C.47-0--48-0, H. 5*9-5*7, 0. 47-1 40*3 (C,,* 

It may bo regarded as composed of 
Noii-ccllulose(Lignin)C,^H,j,0,„{55*5i).c. C) 25 p.c. 

I and Cellulose C,Hlla»0,6 (44*4 „ ) 75 „ 
though the cellulose isolated from the fibre by 
chemical resolution dil’l’ers in comiiosition as 
already stated from normal cellulose, appearing 
rather as an oxecelluloso. The mineral con- 


I and cellulose. 


Pectocellul^sc^ 

Bcsolved by hydrolysis (alkalis) 
into 

X \ 

Pectio acid and cellulose. c 
Type. : Raw flax 

(Kolb, mai. Mulh. 1808, A. Ch. [4] 14, .318). 

Lfgnocelluloses 
Resolved by chlorination 
« into 

/ \ 

Chlorinated derivs. ; ^ 

Aromatic 
Soluble in alkalis 

Type: Jute 

(Cross a. Revan, C. J. 41, 90). 

Adipocclluloses • ^ 

* Resolved by oxidation 

(Nitric acid) * , 

into 

Similar derivs. : \ 

as by the oxidation [ and cellulose. • , 
of the fats. 

Type : Cuticular tissue of IdJives and fruitil 
(Fr5my, C, B. 48, 667; Sachsso, Farbstoffe, Ac.). 
Fectocelluloses. — The purified bast of ju llut- 
flax investigated by Kolb was, fouAd to have 
the aggregate composition ; • 


stituenta of the raw fibio (purified) vary froni 
I 0*5 to 2 p.c. of its weight ; the hygroscopic 
moisture from 10 12. Attifcked l»y concentrated 
solutions of the ijlkaliw similarly to cotton; 
freely soluble in •cuprammonia, buV is incoin- 
pletoly jireoipitated on aoi jifying; the body re- 
maining in solution give.s the reactions tne 
original substance, and may, therefore, be re- 
garded ^ a hydrated nio<lifi<!ation. Jute com- 
bines freely with the ( rganit; astringents (tan- 
♦»ins) and the majority of aromatic colouring 
mai-lcrs. It is coloured a bright yellow by 
solutictis Qf salts of aniline and other aromatic 
bases, lliis reaction is probably duo to*a j>ro- 
duct of oxid.ation, syic. it does not take place 
with jute whicli h’hj been boiled for some 
lime In Bolmions ffT .3ulpl>.t'6i;*' It is coloured 
brown by iodire solutm;^; s. Moiiitened with a 
solution of phlor glue, 'and treated afterwards 
with hydrochl('i’j<- acid it gives a deep red 
colouration; wiVi j^r.ol also in presence of 
hydrochloric ao .'i it gives a deep carmine 
colour. A mixture of sulphuric and nitric acids 
nitrates t%3 fibres Ahe g in in weight being ap- 
proximately equal to that of ccdluloso under the 
SMTie conditions. Tlie ,.)riducts Hre orange- 
coloured and are solubl.' in acetone. Like the 
cellulose nitrates, tliey gi*: no amidc^derivatives 
on reduction. Iodine is absorbed by the fibre, 
the quantity talicn up being constant under 
constant conditions ; the resulting compound is 
not more stable than the iodide ofstarch. JThis 
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reaction may be made use of for the quantita- ^ 
tive estimation of tholignooelluloses in cellulosio 
mixtures. Bromine attacks the fibre in presence 
of water, forming ill-defined compounds which 
are dissolved by alkaline solutions. The opera- 
tion once or twice repeated eliminates the whole 
of the non-cellulose; the resulting cellulose 
amounts to 72-76 p.c. of the weight of f^ie fibre. 
Chlormo docs not act upon the dry fibre, even 
wh^ the temperatuit. is raised to 160°, buti in 
presenqg of water combines rapidly at o^inary | 
temperatures witli evolution of heat.* T4io j 
chlorinated derivative is yellow coloured ; 
it is soluolo in alcohoU and from the solution 
water precipitates ftic compound C,.,II,hC 1 , 05 „ as 
a yellow fiocculcnf mass. This compound gives 
a characteristic magenta colouration with sodium 
sulphite solution similar to that%i mairogallol ' 
(Webster, C. J. *20r>). It dissolves in solu- 
tions of the caustic alkalis with a brown colour, 
evolving the characteristic odour of the chlorc- 
quinoncB. It yields* chlor{)|)icriii t>n distillation 
with nitric acid. Fused with potassium hydrate 
it yields protocatcchuic aold. It is thereforo* 
an aromatic derivative, and a))pcars to bo allied 
to the trihydric phenols. The chlorinated fibre 
when boiled with sodium sulphite solution is 
entirely resolved into cellulose, and soluble deri- 
vatives of the non-cellulose or lignin constituent. 
This constitutes the simplest and most rap'd 
luethod of cellulose estimation in the fibre. The 
proportion of cellulose obtained is somowliat 
liigher than by the bromine method (75-7H p.c.) 
and is further increased by preventing rise of 
temperature in tlie chiorination. 4 

digested with dilute nitric acid at 80° jute 
is resolved directly into cellulose (o.xycellulose) 
oxalic and carbonic acids and a i)oculiar acid 
derivative of tlio lignin constituent. This 
body has the formula c3.jJI,n(NC)u)O.M, ; it is of an 
intense yellow colour, and dyes the animal fibres 
to a similar shade. • It .forms salts with the 


earthy bases whicii are j)re- 

cipitated bj^alcoliol from acpi^ous solutions in 
the form of bright ye^ow Hocks." 

Hydrolytic ((<j<ints. — Jute and the lignoccl- 
lulosCs generally are much more susceptible of 
hydrolysis limn the simple cellulosef: Tlie 
dilute acids effect a simido hydrolysis at 80°, 
i.e. the portion dissolved has the same cOiUposi-,, 
tion and properties as the original ; on raising 
the temperature to boiling, furfural is obtained 
in considerable quantity. Boiling dilute alkalis 
effect a simple hydrolysis. "^Ticn the hydrolysis 
is complicated by the intr^luctiftii of cither re- 
«ducingor oxidiif.i^'obnditi^.rs, ref^lution into 
cellulose and i.ion-cellulose (soluble derivatives) 
is determined. Thus sulphurous acid, the 
^bisulphites, and the normal sulphites (alkaline) 
attack and resolve thtt> Ijgnocelluloses when 
heated with their solutions under pressure. The 
temperatures necessary for ellicient resolution, 

‘According to Hantzsch a. Rclirtfter (^.’ 20, 20.1.3), 
mairogallol Is a species of condensed quinone chloride— 
the characterl.>«ilc moleanle being derived from quiuose 
by replacement of one of ita typical 0 atoms by UI,, the 
aromatic linking being at^thc .sanio time paHiully re- 
solved. Sucl>|Ia view accords equally well with the pro- 
perties of the derivative in question.* 

* It Is worthy of note that the addKion of urea to the 
dilute acid considerably modifio its action, which becomes 
one of t^lmple Itwlrolysi-s as in the case of sulphuric and 
h) drochioiic acids (<?/ra). 


^ t.e. for the isolation of cellulose, are with 
phurous acid (7*6 p.o. SOj) 90®-100°, with bisnl- 
phites (4 p.c. SO,,) ^60®, with normak sulphite* 
(4 p.c. S02)170°-18U°, the increase qf temperature 
correspoi|^ng witf^he diminution of hydrolytic 
power by progressive neutralisation of the acid.. 
The hydrolysis is aided by combination of the 
reagents with the soluble derivatives, which pre- 
vents the reversal the action |t the high 
temperature, which would otherwise occur. In 
heating with solutions^of the caustig alkalis- 
under pressure, a high temperature is necessary 
for complete resolution ; a considerable propor- 
tion of the reagAt is necessary for combining 
with the products, which under theoxidising 
conditions are of an acid nature. ^iThese facts- 
arc of importance in the preparathm of cellulose 
frfiiii lignocelluloses, which is now a widely ex- 
temlcd industry {Forestry ExhilKtion BeyortSy. 
Edinburgh, 1886). 

Animal Digestion. — It has long been known 
that the urifie of the hejbivora contains hippurio 
acid as a normal coiistifuent, and it has been 
shown that the \)cnzoyl radicle necessary tO' 
form this body is a product of the digestion of 
lignocellulose (Meissner). Since tl^ lignocellu- 
lose molecule contains nt» aromatic compounds 
in the strict sense of the term (Stutzer, B. 8, 676)- 
the process of digestion must effect the con- 
version. 

Decomposition hy Heat. — Cumulative Beso- 
lution. The celluloses burn in the air with a 
quietluminous flame. When heated out of contact 
with the air they are completely resolved into 
gaseous and volatile products oif the one hand, 
and a residual blacl^^m*.ss, containing a high 
I)crcentage of carbon. Kcgarding these car- 
bonaceous substances as tlie products of con- 
densation of cellulose molecules with elimination 
of water, the pr(f..ess may be viewed as, ‘in the 
main, one of cumulative resolution by dehy- 
dralion (Mills, P. il?., June, 1877); the cumu- 
late containing hydrogen and oxygen in chemical 
unio^) wil^ii carbon is still in every ^nse a com- 
pound ; taking into cojisideration, at the same 
time, its api>roximatiou in appearance and pro- 
perties to the element itself it may be termed 
a pseudo -carbon.^ Dehydrattng reagents effect 
similar resolutions, the lignocelluloses under- 
going condensation more readily than the cellu- 
loses. Tho tendency to carbon accumulation 
which is the main feature of these resolutions 
is well marked in the vast series of natural 
products of Hio decay of cellulosio tissues, from 
humus to the coals. Though not of pyrogenic 
origin they nevertheless deserve mention in this 
connection from considerations of general re- 
semblanc#. 

It* is noteworthy that the produetc of chlori- 
nating uVnic substances (Sestini, Qaz. It^y 1882, 
292)l are closely similar to those obtained from 
the lignocelluloses. Similar product^ are also 
yielded by the cann^i coala. 

Other forms of Lignocellulose, Two other 
vaVfbties of lignoccHulose deserve mention, viz, 
glycolignose, 03 o¥ 4 u 02 ,, the substance of fir 
woods ^ glycodruposey the substance 

of the stony concretion of pears (Erdmann, 
Jt, 138^ 1 ; Suppl. 6, 223 ; Bente, B, 8, 476 ; 
^achsse, Farbstoffe, 151). On boiling with dilute 
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hydtoohlorio acid these compounds are said to 
be resolved into a sugar and an insoluble residue, 
lignose-OJjI^O,,, and druplse »» 0,gH2HO,„, re- 
spectively. mi comparing these formiilro with 
those of the original substances, the oHIcrences 
are so slight as to be negligible.. The action of 
the acid is probably therefore one of simple 
hydrolysis. ' The reactions of those substances 
are also in •ther res^ect^dentisdl with those 
of the jute substance. Although therefore dif- 


[•laddition to an interior epidermal layer, which 
is cellulosic, and is soluble in cuprammonia 
after treatment with boiling hydrochloric acid, 
they distinguish the external or true epidermis, 
which they term Cutoso. The substance com- 
posing this tissue ^as the following properties : 
it is resolved by alkaline saijonification into two 
fatty acifls, olcocutic a liquid oily Cody^ 

&\\^stcarogutic solid body mel|jng 

__ Although therefore dif- j at 76'-^, sohibio in benzene and glacial acetic 
fering frdfn the ligno-celiulose, above described, | ac^, a>^d slightly soluble in boiling alconol, the 
in ultimate composition, they are essentially of ■ solution gelatinising on cooling. The following 
the same order of compounds. ^ j nmnbers give the percentage coinpositHbn of the 

Crude libra. This term is apflied bj^.agri- : original cutose anfl of tlio Iwe^clerivaiives. 
cultural cnemists to the residual product of the i Cutosa »Olc(^nfic acid •Stcarocutic acid 
treatment of lojjder plants with boiling solutions : C 08-4 CtVfl 75-/i 

of certain acids and alkalis, applied succp.ssivelj. I n 8*7 - 8*2 , lO'ii 

The process is ^ crude imitation of the process j O 22*0 25*2 ‘ 14*2 

of digestion in the animal, and the results which j ’Whence it is concluded that the molecule of 
It yields arc of purely empirical value. Crude lutoso is composed proxiinately of olco- and 
fibre will be found on oxainiiiatio*, in most ; stcaro-cutic awds in the infllecular proportion 
cases, to be a ligno-collfifose and to be further 

resolved by chlorine in the ma-ner indicated. . ^wo derived nicids above (l(!Scribod are 

KmvQC^iAi\ihOi=,F.^.iJorkamlCuticular Tissue. i nj^rked by a curious iii.stability or tendoncy to 
irom the mode of foripaffbn of tlieso tissues it j reversion- passing under e<‘rt:iin conditions, 
has been coifbludod, ot^ pliysiologieal grounds, 1 notably by exposure of their solutions to light, 
as in the case of the lignocolluloses, that thciy j into modifications closely resembling the original 
are modified celhilosos jSaehsse, Farhf^tojjc^ Ac. i cnlose. 

p. 153). The ultimate composition of cork is | Witli regard to the distribution of cutose in 
represented by the following percentage num- <]u; pi.^nt world, while it is the main constituent 
hers.: 0^65*7,11 8*3, N 1*5, () 24*5. Unlike the ■ the external protective tissues of leaves, 
lignooeliuloses, %)wcver, it is by no nuxius a ; h-i^ts and the stems of annuals, it is 

simple or hamogeneous substance, hut is re- j the interior tissues, c.g. the bast 


solved by the r-i'-iion of mero solvents into 
number of proximate constituents, some of 
which are crystalline. TRo re. iduc from the 
action of thiise solvents may bo regardiMl as 
the true cork substance, it is resolved by 
the action of boiling nitric a^id (20-30 p.c.) 
into cellulose on the one Haud— only a ’mall 


and fhro-vascular bundles^ 

These rcsoarclies are an important contribu- 
tion to the subject; and while there is no 
ivn.soji to doubt the authors’ coucinsions in the 
main, it is prohalih' tliat they have overlooked 
the presence -d celiulos'' as a constituent of 
. cutose wliieh occurs as an organised i.c. coJluIar 
proportion (3-5 p.c.), however, surviviii;' | We need 3envc,.|^^ observe that the 


severe a treatment- and a series of fatty acius 
(or products of their decorniiosition) ,^iich as 
suberic and adipic acids, on the other ; the la.,;er 
amount to about 40 p.c. of the weijjlit of .sub- 
stance treated. If cork be resolved by treatment 
with sodium sulpliite solution, at a .soft 
mass is obtained preserving tlic structural 
features of the original, but which on slight 
pressure brer^is down into a cellular mass. C'u 
slight purification this yields a pure cellulose; 
the proportion obtained being 
of the original cork. From 
into cellulose, and products of decomposition 
similar to those obtained from the fats and«vaxcs 

under similar treatment, the substance of cork ...» 

has come to bo regarded as a conipomid of such I pi compounds U.rmhiating A^tlv.aciiroodextrlri, 
moleculog ; and this view of its constitiftioik, as j indicates a ccrta..i c,onstitutip.ial relationship 


cliomi.dry of tJiosr^ adi^occllu loses has been 
but little investig;4ed. « 

Constitution of Cellulose. 

The physical properties of ccdlulose tliFow 
but littlOjjliglit on tlie problem of its molecular 
constitution. We have seen, moreover, that 
cellulo.se is chemically ii.. rt; its derivative com- 
jPounds are few, and of these indeed tiio nitrates 
alone appe ar to merit such a description, their 
from 9 to 12 p o. | forrua«ijn dicing unattended by molecular rfcso- 
these^csolutions | ’utioii. From their coiupo at ion and properties 
of dcSimnosition : 've iiifCt the pres'iiicotif uleoholic Oil groups in 
the cellulose ^ndeci^^. L'h v,:i’-'ual resohition 
by the action of .sul^iuric acid, thrj^iigh a seriea 



proposed 4o designate .tlienj,. The cuticnlar ! it is impossible to-dra^t any hut the general 
tissues, such as constitute the covering of ile.sliy ! inference fPfjm tiie pro .ucts to the original 

J ^ j cellulose molocule, viz., h’ .at the lattc^ is a com- 

: ple.f of molecules resemblingRheso simpler and 


fruits and leaves, while similar in many respcelf^ 
are simpler in composition. Whni purified they 
are non-nitrogenous and appeal to be homt- 
geneous. 

FiAmy and Urbain have developed {^. JR* 
100, 19) a somewhat different view of the%on- 
Btitution of the.se tissues. Taking t]^e protective 


better known cavbohydraii^. We also infer that 
the bond which uiii^s them is one oAdehydra- 
tioii, but tiie exac^ nature of this bond is for the 
present entirely conjectural. ( For a disQussion 
••of the probabilities involved in thiBf)roblem the 


tissues of th<f leaf of the agave as the type, in ■ reader is referred to a paper by Baeyer entitled 


Veil. I. 


8 A 



72S CELLULOSE. 


•Waaserentziehung n. ilire Bedeutung fdr daa* 
Pflanzenleben una die Giihrutl’g/ B. 3, 03.) 
That such molecules are to be regarded physio- 
logioally as well as chemically, as the proximate 
constituents of the cellulose molecule, is a con- 
clusion which has perhaps been somewhat pre- 
matmely drawn. Its ultimate origin is pf course 
to beiraced to the carbonic anhydride and water 
of ^be air and soil, fthe synthesising ageiwdcs 
being ^he protoplasm and chloro'phyll of the 
plant, aided by r the supplies of cnergV fr^m 
without. It has been supposed that the mediate 
source of^the vegetable carbohydrates is formic 
aldehyde, and thd* recent rei^oarches of Loow 
(B. 20, 141) upon^cbe condensation#' of this alde- 
hyde have at least confirmed the probability 
of this supposition. The produ^^s of resolutio!i 
of cellulose, moAiOver, clearly indicate the pre- 
sence of aldehydio groups in the molecules. 
Apart from conjecture, we may, to sum up this 
brief review, regard! the celluloselinolecule as a 
complex of simpler carbohydrate groups, con- 
taining alcoholic and aldoliydic oxygen (y. als/i 
Bowman, B. A. 1887). 

The most striking features of the empiric.'il 
formula of cellulose CriHn,0,,arG those cliaracter- 
istio of the entire group of carbohydrates, the 
molecule containing some multiple of and 
the hydrogen and oxygen having the ratio 2 j 1. 
At present those relationships are merely sugges- 
tive of conditions of molecular equilibrium to 
bo elucidated by future investigation. 

The prevalence of the C,, group is remarkable 
and suggests a relationship to the aro:nafic 
group, which is confirmed by the undoubtedly 
cellulosic origin of the bf-nzeno compounds. 
On the other hand wo have no evidence of the 
existence of closed chains of 0 atoms in the 
cellulose molecule, nor have any simple transi- 
tions from the one group to the other been as yet 
discovered. If we tuMi, l\owever, from the typical 
cotton cellulose to othqr forms of cchuloso, such 
as those isolated from growiiSo tissues, wo find in 
the ease with which many of them yield furfural 
as a product of acid hydrolysis, some cvidetico 
of 4 more complex union of the C atoms, than 
the normal typo usually assumes. B ,ssing on 
further to tlie lignocolluloses wo find a molecule 
in the constitution of which a furfural groiq) 
undoubtedly plays a part, and in which the 
linking of the C atoms is such as permits a 
simple transition, in part at least, to products of 
undoubtedly ‘ aromatic ’ com))osition. 

We have, in this bricf‘stat(fmeut of the evi- 
dence' which wsnfrrc'A uponV^'hichflto found our 
views of th^t constitution of cellulose, endea- 
voured rather to indicate the main lines upon 
which the investigation of the problems involved 
is proceeding, than to ^dr^w premature conclu- 
sions. The subject will be enormously developed 
in the future, and will constitute an important 
foundation of the natural hintory of the carbon 
compounds ; a department or i'iew ox the science 
which can ,«carcelv as yet be said to bo within 
reacb. ' ^ 

^ Nomenclature. 

Considerable confusion has been imported 
into this subject by the indiscriminate employ- 
ment of tic terms, cellulose, lignin, woody 
fibre^ liguoae, * crude fibre,’ in describing the 


various products, natural and artificial, of wUleh 
this article treaty The want of uniformity 
arises from the di^ion of the su^*6(» amongst 
physiolo^ts, ag^piqplturists and olremists. That 
which wonave adopted appears to bring about 
a certain simpli^oation. 

The application of the term cellulose wa ’ 
have already defined and limited. To denomi- 
nate the com^Dund cfeilulc^ises, which correspond 
with the chief modific^ion^ of cellul^e recog- 
nised by physiologists^ we use a compound 
term consisting of cellulose as the substantive 
portion with a qcialifying prefix. To specially 
distin’giiish the characteristic con^tuent of 
these compounds, that to which ^jre have ap- 
plied the neutral term non-cclluV)se, we employ 
the root of the prefix with the termination in, 
thuspccft7X, lignin. o 

In conformity with this plan it may be ex- 
pedient to introduce such terms as subero- 
cellulose, (Aito-cellulose. suberin, cutin, and many 
others : but this shoula^be left to be determined 
by the progress 'of investigation. The special 
classification and nomenclature pr'vposed by 
I’remy has been already discussed. C. F. 0. 

CERASIN, the meta- acid (n. Araric aciiJ) 
existing in cherry-tree and plum-tree gums, and 
in the gums of other kecs of the same family. 
Gum arabic yields corasiri when heated to 160® 
(CJelis, C. li. 41, 144). Cherry-tree gum is said 
to contain 52-1 p.c. arabin, 34-9 cerasin, 12 water, 
and la.s7i. Treated with nitric acid cerasin 
yield 15'.5 p.c. mucic acid. C.O’S. 

CEKATIN V . Proteids. ^ 

CERATOPHYLLIN. ‘"‘[147°]. Extracted by 
lime-water from the lichen Parmelia cerato- 
phylla (Ilosse, A. 119, 305). Thin prisms, si. 
sol. cold, v. sol. hot, water ; v. sol. . alcohol, 
ether, and aqutVoiis .alkalis. FeXla colours its 
alcoholic solution pui’ple. Bleaching-powdor 
gives a red colour. 

CER]^ER1N. A poisonous, crj^^;talline gluco- 
sida occurring in Cerhera OdoUam (Oudemans, 
J.pr. 99, 107; do Vrij, 7?. T. C. 3, 107). 

CEREBRIN C.09 08, H.11-47, N.213, 0.17*32 
(Parcus. From tlieso nismbers the formuhe 

be calculated). The body called Phrenosin by 
Tliudiehum (/. gw. [2] 25, 19) is<|)robably the 
s.amo body in an impure state. The name 
cerebrin was used first by Kiihn (1828) and ap- 
plied to a n^jxture of cholesterin and lecithin. It 
was used by Lassaigno (1830) to denote the 
entire substaqco that can be extracted from 
brain by alcohol. It was employed by Gobley 
(1850) to denote so-callcd ‘protagon;’ and by 
MuIAcr to denote the nitrogenous substance free 
from phosphorus that can be extracted from 
th^ brain by alcohol, to which ^he gave the 
formula C„H;, 3 NOg. 

Bc/emiccs.— Fciircroj, A, Ch. 16, 232 ; Frdmy, 
J. Phi 27, 453; Liebreich, A. 134, 29 ; Gobley, 
I,iPh. [4] 19, 346 ; W. Muller, A. 103, 131 ; 
106, 361‘ ' 

«- PrepamtiowJ)— Ox-brain is freed from mem- 
branes, washed with water, squeezed and heated 
fvith ^ baryta to boiling. The clear liquid is 
pourgd off and the coagulated residue washed 
with nearly Boiling water, dried and extracted 
with alcohol. The first extract Reposits very 
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little on eooling, but cerebrin mixed with cbolcs* extract of cprk contains phelljl alcohol 
terin separates from the Absequent extracts. C^HasO [100”], a neutral, crystalline substancOi 
The cholest#rin is removed Iby solution in ether, si. sol. alcohol. 

So prepared, cerebrin is fiwo«from ^^losphorus CERIUM. Co. At. w. I.'IO-O. Mol. w. un. 

^ but contains inorganic matter. 250 grms. were known as element has not been gasified. S.G. 

" got from 90 brains. It is redi^olvcd in alcohol (abt. 18”) 6-63 to «-73 (Hillobrand a. Norton, P. 
at 60®' which leaves a barium salt undissolved. 156, 4'ai). M.P. considerably above thaUof Sb 
The bariui» thatgqfs 1140 solu^n is removed (150") but below that of A;; (950”) (H. a. N.),’ 
by a current of CO.^. The ccrebfln is purified by Sffl. (0”4100") *01479 (»., 158, 7). SbV.S. 

frequen# recrystaWisa#ons from alcohol. The 21*1. Chionines in i*mission-spectrum ^5352*2, 
earlier mother-liquors deposit on standing a f®73*, 1028*2, 1572*0, 4502*1^ 1290, 4289 (Th.a- 
gelatinous pp. By recrystall^ation from alcohol l<5n). In 1803 Klejiroth, and imh'pendently 
this pp. may be separated infb cerebrin ^spheri- Berzelius and Hi.sin{;er, scmralod a new earth 
cal crySftils), homoccrebrin (nefdles), and en- from a Swcdi.sh mineral and called it Ceria • 
cephaliii (H. Parcus, J.pr. 132, 310). (from tlie tlfi ii recent ly disc?) v^*red planet Ceres); 

Propertied . — Separates as a white crystalline in 183!) -41 Mosander (Z\ il, 400) proved that 
powder composed of transparent globules fftm ceria was a »ixiiiro of at least 4,hrce metallic 
a boiling alconolic solution. Soluble in acetone, oxido.s, oxides viz. of Ce, I/i, af^d Di. Tlie metal 
chloroform, benzene, and glacial acetic acid, cerium was first obtained by Mosander in 1826, 
Insoluble in ether. Separates ^om acetone ii was more fully examined by Woliler, Bunsen, 
partly as globules, pj^rtly as matted threads, and other demists. * 

Cerebrin dissolves in cone. IL.SOj. On standing Occurrence. — In many Swedish minerals, 
exposed J,o the air,^tlic licjuid becomes covered •more especially in a silicate of Ce (abt. 

with a purple skin, whiWi afterwards turns green. 50 j^.c. Ce^,0;,) ; occurs as silicate, phosphate, 

, Cerebrin decs not combine with acids, bases, or ! carbon.4c, llnorlde, Ac., also in immy apatites \ 
salts. It is not affected by boiling for a short generally accompanied by J<a, l)i, Be, Al, etc. 
time with baryta. It is but slightly decomposed it has been recently found tliat clay used for 
by boiling alcoholic ji.Lash. Cerebrin swells up ! brickmaking at Ilanisladt (near Soeligonstadfc 
but slightly in boiling water. It is very sliglitly ' 1I1 tlio neighbourhood of Frankfurt) contains 
hygroscopic, absorbing 2 p.c. of water from the from 8 to 12 p.c. of Ce.p., (Stroheoker, Jf.pr. [2J 
air. It is decomposed by boiling for a long * 33, .133 a. 200). 

time with baryta. Boiled for some hours witli j Preparaiion. -Ccnia is heated to redness, 
dilute HCl it jorms a solution that can reduce powdered, n ixed with considerable excess of 
Fehl lug’s sohiuon. ! coi«o. H..SO.,, and the mixlpure is gradually heated 

Homocerebrin C. T0*]»p;c. • H. 11*0; N. 2*2 ; ' to incipient redness in a Hessian crucible; after 
O. 16*1. The yield is ^ that of the C(;i<‘ljrin. cooling, the mass powdered and then added. 
Soluble in the same liquids as cerebrin ; soluble little by little, to ice-cold water, wb'^reby sul* 
also iu boiling ether. Swells up in hot water, phatos of Ce, La, and Di are dissolved ; the 
but does not form a past% fli not decomposed treatment witu Il.^SO, A'c. is repeated with the 
by boiling water. Treated with hot lf( 'l, it iwtion insuilullo in cold water ; the aqueous 
forms a solution %at reduces Foliling’ssoliiLien. solution is boated to boilfng, whereby basic sul- 
Boiled for long time with baryta, it is dcconi- ' pliales are ppd. ; solution in ice-cold water and 
posed. It IS not hygroscopic. Its sdlutioas arc [ ppn. by hratiiig»to boiling are rep^itcd several 
neutral. It does not combine with acids, bas(?s, | tin»os (Mnrignac ; Bunsen^ Woliler). The solu- 
or salts. • It separates from alcoholic solutions | tion in cold water is ppd. by addition of oxalio 
in very fine needles. After separation from i acid solution; the o.xalatcs are washer^ with - 
alcohol and drying, it is not a white powder (like water, flried, and heated in a Ft dish until com- 
oerebrin) but a waxy mass. It is more soluble pletely converted into o.vidcs. The mixed oxides 
in abdoluta alcohol than cerebrin. • (of Ce, La, and I)i) may now bo treated in many 

Encephalin, C. 68*4; If. 13*0; N, 3*1; 0. 10*9. diffi r^'H ways. The following method was used 
Besembles homoccrebrin rather than cerebrin. liy 1 rainier (C. /. 47, -Ssi) in order to prepare 
It separates from solutions in fiexible plates, pure CefjSO, for atomic weifjbt dt terminations; 
From acetone it separates in grfnul.'u* mus.ses. it is based njion ^lio foriiiai iim of basic Co 
It swells up with hot water forming a conii)Iete nitrate insoluble in wu'* a*. The mixed oxides were 
paste. Boiled with HCl, it forms a solution dissolved A modr.abdy eoitt: HNO^Aif excess# 
that can reduce Fehling’s solution. | of acid was removed by evapointion, and the 

CERIC ACID. C. 64*2 p.c.; 11. 8*8 jT«3. ; 0.27 0 ! syrup-like liqr. ' l was poured into much pure 
p.c. ObtiUned by the action of UNO., on c?rin,or boiling water ; ho ppd. basic ceric nitrate wafi^ 
according to Kiigler on phellonic acid washed (on a f in«eliConnectod with a pump) 

[96°]. Phtllonic acid is obtained, togcM.cf with with boiling watcr»containing a little nitric acid, 
glycerin and stearic acid, by the action of alco- The nitrate was dissolved in HNO.fAq» excess ol 
holio KHO on cork *thav has previously been acid wa|^ romoN^d b * eva[. oration, the liquid 
exhausted by chloroform and alcohol (Doling, was poured infer boiling water, (fee., as already 
il. 46, 289). # (^scribed. This treatmen'^ was repeated 10 or 

CERIN 02 oH 35 jO(?). [250°> A Bubstance^that 11 times. From the •pure basic ceric nitrate 
may be extracted by chloroform from cork, the thus obtained other Ce iompounds may be pre- 
bark of Qmreus Suher, in which it occurs to the pared. Brauner •prepared Ce.^3S04 3y dissolving 
extent of 2 p.c. (Kugler, Ar. Ph. [3] §22, 217; the basic nitrate iudiluteH.^SO,,Aq, and HjSOaAq, 
cf. Chevreul, A, Ch. 96, 170 ; -Diipping; A. 45, evaporating to dryness in a Pt dish, and heating 
289). Needles, insol. water, solf other solvents, with due precaution, dissolving ^n a little ice- 
According to Siewert(/^. 3..?^)8, 383) an alcoholic cold water, ppg. by absolute ^cohol, ^#lBhing 
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Vith abg. alcohol, dissolving in ice-cold water, 
ppg. by alcohol, dissolving agttin, heating to 
100° and stirring with a glass rod ; Ce23S04.6H.^0 
was thus obtained ; it was dehydrated by heat- 
ing for some weeks at 440° in molten sulphur ; 
at full redness the sulphate^givoa oil SO.^ and 
SOs and leaves pure CeO... 

iilbinson (Pr. 37, 150“) prepared pure CcoClfi. 
Thu mixed oxides frqfji cerlto were dissolvcdi in 
HNllaAq {v, supra), and the liquid,‘after concen- 
tration to a syrup, was poured into boiling dilute 
HoSO^Aq ; the basic sulphates were dissolved in 
HNOgAq.’ the Ce salt oxidised by boiling with 
PbO,. (Gibbs, AvA S. [2] 37,‘- 352), the liquid 
evaporated, and and Di salts, removed by 
treatment with HNO^Aq; the pure basic c(uic 
nitrate remaking was converted into chloride by 
treatment with KClAq,from this Ce oxalate was 
obtained by ppn. with oxalic acid; the oxalate 
was heated in dry IlCl, and pure Cc.^Cl,; was 
thus obtained (for rlctails v. ongjiiial). Robin- 
son (l.c.) also recommends evaporating the nitric 
acid solution of llio mixed, nitrates to complet<i 
dryness, heating the brown mass to full redness 
until ilie residue is ])ale-yollow, and treating 
this with boiling dilute *l(XO.,Aq; tUe basic 
nitrate remains while nitrates of Di and La 
dissolve. 

Other methods for i)rci)arlng more or lo’.s 
pure Ce salts are described by liunsen, P. 155, 
375 ; C/.iidnowicz, J, pr. SO, 10 ; Watts, G. J, 
2, 147; IJolt/mann, ,L ls02. 130; John, Dl. [2J 
21, 533 ; Elk, X. [2] 7, 100; Popp, A. 131, 301; 
Ihittison a. Clark, Ak 10, 250. Wohler (.1. 
144, 251) prepared Ce by adding pieces ol Xa 
to a molten mixture of Ce.Ll,;, KCl, and Nil, Cl ; 
the product, however, was ifapnre. Ilillcbrand 
a. Norton (P. 155, 053 ; 150,400) hy electrolysing 
Ce., Cl,;, covered with XvH , Cl, using a thick iron 
wire as negative eU'ctrode (1 Hiinsen’s cells) 
obtained approxinuitq|ly pure coriuiii. (Por details 
v, original i)apers.) ^ 

Properties and Steel-grey, very 

lustrous, ^i!ry ductile, metal*; malleable, un- 
changed in dry air,fint in moist air is super- 
hcialTy oxidised; lieated in air burns to oxide 
witli production of heat and much ligh^g hums 
in Cl, Br, I vapour, S vapour, P vapour, forming 
compounds with these elements; easily dissolved 
by IlClAq, diluti^ IINO3 or .1 1 BO^Aq, no reaction * 
with cold cone. UNO., or ll.,S04Aq. Co slowly 
dccom$)Oses cold water, quickly dccom\ioses liot 
water. As the V.D. of no Ce compound 
has yet been determined J tho At. w. of the 
, metaUnnst be fi<<8d by chei\?'cal ewsidorations 
and by S.ll. ,The value given to the At. w. for 
many years was abt. 92, and the formul«3 of tlie 
oxides, and chloride, d’c., were CeO, CcjO^, 

* CeCl.„ &c. ; Ce was thu^ jdaceJ, along with La 
and Di, in the same class dii Al and the earth 
metals. Considering the relations between the 
properties of compounds of Ce, La, Di, i-nd of 
other elements, Mciidelejoff {\.^uppFod. 8,18()) 
thought tha^ Cc ouL'ht to bo massed with those 
elements which form ^yell-marked oxides M60, 
i.c. with Ti, Zr, Sn, If this were done the 
At. w. of OTj would become 92 x |. Eurtber in- 
vestigation bas completely justified McndclejelPs 
proposaV» Ce is now classed with C, Si, Ti, Zr, 
Sn, Pb, and Th; La is placed with Al and the 
earth^etaUt and Di is classed with the elements 


of Group y. whofe. jsiiaracteristlo highest olfda 

is » 1 " ' 

The At. w. of TMiium has been aetermined 
(1) by esjjpiating iOg in cerous wphate (Be- 
ringer, jfl 42, ftl ; Kammelsberg, P. 55, 65; 
Hermann, J, pg: 30, 184 ; Marignac, A, Ch, [3} 
27, 209; 38, 148). (2) by estimating Cl in 

cerous chloride (Bcringer, Z.c. ; Robinson, Pr, 
37, 150). ^) froAx coftibustionS of cerous 

oxalate (Jogel, A. 105, 4S\ Rg,mmelBbe|^,P. 108, 
44). (4) by conversion Sf Ce23SO, into CeO,^ by 
heat (Brauner, C. J. 47, 879). (5) by determining 
S.II. of approxiuuately pure Ce (Jlillebrand a. 
Nort(Ai, P. 15tf, 471). The most accurate deter- 
minations are those made by I^binson and 
Brauner, respectively : both leadpto the number 
lji9-90 (0-15-90). 

Cerium is distinctly metallicfin its physical 
and chemical properties ; it forms the oxides 
Cc.D, and CeO» (and probably also CeOg), both 
of those ari salt-forming in their reactions with 
acids, but the well-marked salts (cerous salts) 
arc tiiose corresironding to Ce.^Oa, e,g, Ce23S04 
Ac. ; in this respect Cc diners from Zr, Th, 
Sn, and Pb, the salts oV which metals belong to 
the forms MX and MX2(X.= SO,„ CO3, 2NO3, Ac.)* 
and shows analogies with the elements of 
Group HI. (Al &c.). Cq, does, however, form a 
ceric sulphate Co2SO, ; besides the oxide CeOa, 
a fluoride CeF, analogous to TiF^, ZrF4, &c., is 
known (i». Caiuion group of elements; also 
Titanium group of elements.) 

Detection and Estimation. — Ce salts are 
generally soluble in water : al^.alis pp. white 
hydrated Ce.D., ; NaCjJOi' .4 pps. yellow hydrated 
CeO., which dissolves in HClAq in presence of 
alcohol to form a colourless liquid ; solutions of 
Ce salts arc ppd. by oxalic acid, tlio, ppd. oxalate 
is white and insf-lul^lc in NH, salts; saturated 
K.^SO,Aq pps. a white crystalline double sulphate, 
scarcely soluble in cold water, decomposed and 
dissolved by hot water containing a little IICl ; 
Co salts t oiled with PbO.^ and a 1^1‘tle HNOgAq 
give^ a yellow solution. When a slightly acid 
solution of a Ce salt is mixed with ammonium 
acetate, a little H.O.^Aq is added, and the whole 
is warmed, a yellowish pp. iS“ formed (Hartley, 
C. J. 41, 202) ; if this pp. is moistened with 
NIT.jAq, again treated withH.20.,Aq, and warmed, 
an orange solid (? CeO.,) is produdid (de Bois- 
baudran, C, B. 100, 605). Ce can be separated 
from La and Di only by very prolonged treat- 
ment, V. Pr(\^aration. Co is usually estimated 
as CeO.^, but it is very difficult to obtain this 
oxide pure. For methods of separation and 
esfimation a manual of analysis must be con- 
sulted. « 

Cerium, carbide of. Said to be detained as 
a dense <jlack powder, insoluble m hoi cone, 
acidk, by heating cerous formate or ^'oxalate in a 
stream of H, and tj;^eating with HClAq to dis- 
solve out any oxide forfhed. Analyses agree 
apuLoximately with composition CeCg (Dela- 
fontaine, J. 1865. 1*^). 

•Cerium, haloid- and oxyhaloid compounds of. 
Cerium forms cerous haloid compounds, CogX* 
oixCeX,, corresponding to the oxide Ce-^Og ; and 
also a. eerie fluoride CeF4; the molecular weight 
•of none of tb^se compounds has ^en deter- 
mined. 





CiBooa BBOMipx. Kn^Wji 

AS the hydrate CeBra/ajtt^O.l^Ohtiined by dis- 
solving cerons oxide, Ce^Pa,'* in HBrAq and 
evaporating.* Deliquescent j^e^ilea; unchanged 
by heating out ol. contact with air;^catcd in 
air, partially decomposed with 1%S3 ot Br. Forms 
double salt CcBr^.AuBra.SH^O (John, BL [2] 21, 
d23). ^ 

^ Oekods ^chlorid#, T?r.C1„ 0c CeCI.,. Ob- 
tained W heating- Co ^*n Cl; or by di.'isolving 
Ce^Og in lIClAq, adding NH,C1, evaporating to 
dryness, and driving oil Nil, Cl by licath g; or 
by passing a mixture of dry 1(0 and Cl over hot 
Ce,A (Dyicr, O. H. 101, 882). Jiiire 00^3 was 
prepared bjiJtobinson {Pr. 07, loO) by lioaling 
pure 063(0/)^)! in pure dry IICl gas to 120 ''-Ou^ 
for some tijne, then to 200h and then to ]4)\v 
redness ; the »nall quail tity of C separated was 
removed by lieatiiig at low redness in mixed 
COj 'land 1 iCl ; tinally the toniperature was 
raised to a full red hq^t and tlie*CO,, stream 
was stopped. The chlflrido was allowed to cool 
in IICl gas, transferred to small llask, and 
kept in ^$acuo, o\ct .H.,S04 and surroimdod liy 
CirO, until (dl IICl was removed. S.G. d-.SS 
(llobinson, l.c.). A'.^iilo, deliquescent solid; 
easily soluble in water with production of heat ; 
decomposed by 0, or In/ steam, to Ce l)., (Didier). 
A hydrate, CeCl.,.?!!/), is said to be formr‘d by 
digesting Ce.O., in llClAif and evaporating. 
Various double salts are described ; c.g* 
CcCl3.4IIgCI., .1011,0, Ce01.,.PtCl,.l bTI..O, 
CeCl3.AuCl3.i;}ltO (John, Ic.). 

Cnnous cviNiDE (and double ct/miidcs) v. 
Cyanides. ^ « 

Ceuous eluorioe. CoF.j 'ibtained as a 
.gelatinous pp. (2CeF.,lI,0) by adding NaFAq to 
CeOla in lICIAq (John).' 

Ceuio rLuoiciDE. CeFuTI #. An amorphous 
brown powder, insoluble in water, obh liud by 
treating CcO.^.OII.O with HFAq, washing, and 
drying at 100°. Docomiiosed by heat with loss 
of H.jO and HF and formation of CeF., ; heated 
strongly in contact with moist aii‘ CeO. ami JIF 
are formed. Combines witli KF {by treatinerit 
with KF.IIF) tofojm2CeF4.:;KF.2H,0 (Brainier, 
C. J. 41, 60). • 

Cerous iodide. CoJ,; or Cel.,. Obtained as 
the hydrat^eLi.OTI.^O, in colourless crystals, by 4 
dissolving tjeji, in lIIAq, evaporating in a 
current of II.^S, and placing in rucuo over 
H.BO4; soluble in water and alcoliol, very 
quickly decomposes in air (Lang#, J. pr. 82, 
134). 

Cerium oxychlorides. The compound 
Ce40sClfl ( -= Cc.p3.‘2CeCl3) is said to bo formed 
when CeCl, is heated with Na (in jircjiaration of 
Ce) and tke mass is treated witli water. • Dark 
purpl^, lustrous, powder; insoluble# in water 
(Wohler, Af 144, 254). The same oxychk>ride 
is said ^ be obtained, as iridescent scales, by 
passing a mixture of ^teafti and N over u fused 
mixture of C0CI3 and NaCl; easily soluble in 
dilute acids ; heated in aii^ives Cc.Oa and*llCl 
(Didier, C. i?. 101, 882). • ^ 

Cerium, hydroxides of, v. Cerium, oxides op. 
Cerium, oxides and hydrated oxides 
The best studied oxides are cerous oxidS Ce.Oj, 
and ceric oxide CeO./, a pcit)xid| CcOj also pro* 
bably exists. Other oxides, e.g. and Cc^O#, 


^have been described, but their existence is vert 
doubtful. 

Cerous oxide. Ce.Oj. {Cerium sesgttdoxide.) 
Mol. w. unknown. TJio white, bulky pp. ob- 
tained by adding KOllAq to a solution of a 
cerous salt is liydi^tcd cerous oxide ; as the pp. 
at once begins to take up O and CO.^. froni tlie 
air the fiydrato has not yet been obtaniecFpure. ‘ 
Tljp oxid(^ Ge.O., is pivqt^'ed by heating c^oua 
oxqjate in alstream pure If. Tlie m^late is 
pw^pai'd from the bii.-ic nitral^i (v. CmuSr, Pre~ 
paid lion) by dis.solving in a 1 if lie JlNO^Aq aiiQ 
! ppg. by oxalic- acid (Popp, A. LU, .10 1 ; llam- 
i mclsberg, B. 6, 8f;). • 

j /'roper/Z^s (Did Jb'iitli af. A grey solid; 
i nm li.ni/'cd by heating ill 11. hissolvi's in many 
i n>lii.^ tn fonmeeroiiH salt.; ef tliy form Ce..X., 

' X S()„ CO,,^XCh, 2CI()„ Ac* 

I Ce me OXIDE. Ct-'O.,. {(\'riiD)i dioxide). The 

i pale yellow ])]). (.l>j,a,ined by susjauiding 
I Ce.0.j.;rlf0 KOll.Vq and# passing in Id is liy- 
1 drat('d ceric oxide (2UeO...:UI..l) ; Kammelsberg, 
UZk 1(18, l(i). 

I Fonudiion. — 1. By wasliingMlie liydratc with 

' water conlaining a little acetic! acid until Kt)lf 
is reniofed, drying and lu;:itii!g.--2. By heating 
cerous suljdi.ato CeJIS(_), to full n'diiess in air. 
3. By heating CeF, in air (Brainier), 
t Frepuralion . — Cerous oxalate is prepared 
from the l)a.-;ie nitrate from cerile {v. Cekiu.m, 

nuralion) ; it is liealed to redness in a Ft 
dish with free access of air. Nordenskidld (P. 
Ill, ()ll>) ohtained colourless, transparent, 
Vxsj|‘ral crysl.iis of CeO# by heating CtO.j for 
21 iiours with a little borax in a ]»ore(!lain oven, 
and treating the mass with JiClAq: B.G. at 
15° = 6*01. • 

Properties and Reactions, — Very p.de yellow 
solid (Woh'. rrauTier, lioliinson [f7. iV. 54], 
Crookes, . 38, 414). S.(j. ()’71 (Nilson a. Ikd- 

tersson, !\ 13, 115<j|). # S.V.H. 25-4.'>. S.IL 
'(.)877 (N. a. 1*., P/-. 31, 46). Dissolves in cone. 
ILSOjAq with in-Tidiicuon of nnicli heat, and 
cvolnBon <>i some () ; on crystallising, the salt 
• Cc.^ 3 S 0 ,.Ce(S 04 ).,. 2 111.^0 b#parales (Mendelejoff, 
A. 168, 45); from the mother-liquor ol> this 
.salt ce^c BLiIphate Co2Sl),.i]L() is obtained. 
This reaction .shows that ]iart of the CcO.^ is re- 
' dueed by the H.SO, 3) CeX).„ and part reacts 
I -..dth the acid to form Ge2SO,. Dissolves in 
TlNOj.V-i; on adding N II, NO., and crystallising m 
vacuo M • double salt 2 Ce(N 03 ) 4 . dNli^NO^.bll.O 
it, obtained. Bear.- -I}' soluble in HClAq; but 
dissolves in tins acid, and also in otiicr dilute 
! acids, in pmsencc^of 1 educing bodies, e0(. filter^ 
j paper, alcohol, BO.Aq, cV:c. ^ 

I Cerium ti.i oxide. CeO.,. {Ceriutn peroxide.) 
j Said to be ubta ned as a reddish pp. by adding a 
; sliglit excess ni NII;,A^X lo Co._;3SO,Aq, and di-* 
j gesting with hydiogen peroxide (do Boisbaudran, 
C. n. 100 , 605 ; Clove, Bl. [2J 43, 53). 

Other oxide^ of cerium are described by 
Popp (.d.*131, IMm); Kermann {J. pr. 30, 184; 
82, 385 ; 92, 113; ; the formulte Ce^Op and Ce.^0, 
afe assigned to these ^xides, respectively ; but 
experiments made by B^ninclsberg (P. 108, 40) 
and others tend ^0 show that Die Ipnly oxides 
which have be#n isolated are Cc.^O,, CeOj, and 
CeO,. 

Cerium, oxychlorides of, v. landcr Cebiuic, 
haloid and oxyiialoid compounds of. 
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CERIUM. 


Cerium, salts of. — Salts obtained by replacing 
II of acids by Ce. Two series of salts arc known, 
cerous salts represented by Ce.j8S04, and ceric 
salts represented by Ce2SO.,. The ccrous salts 
correspond to the oxide Ce.403, the general form 
of these salts is Ce^Xj where X -- SO4, CO3, 
2NO3, 2CIO4, Ac. ; the ceric salts correspond to 
’the oj^Hle CcO.^, their general form is CeX. where 
X - SP4 Ac. The cercuis salts are coi^idcra^ly 
iiiorS stable than the ceric salts ; tl^o latter are 
readily ^reduced to the former; but fc\H cerjp 
salts have been obtained, the principal salt is 
Ce2S04 ; SViveral double salts are known of the 
form Ce2S()4.a;M,Sft4, and Ce 1 N:VtMNO.„ when 
M is an alkali metnb Many double^ccrous salts 
are known. A few basic salts arc also known. 
Some salts have been isolated which appear to 
belong to the* miued form y Cc.X'^<.2/CoX.3; and 
one of the so-called basic nitrates is probably 
aCe.3(jNO;,.^Ce().j. For descriptions of the indi- 
vidual salts V. the articles on the ^^Jirious groups 
of salts, CAIIUONATKS, snLi'HATKS, Ac. ; the chief 
salts arc the broinatefCarboiiytestiodatejiityntes^, 
u.val<ite, x^crchloratct 2.}hos2'>h(iteH, selcnalCt 
phates, tuufjslafe. 

Cerium silicide. 


Described by Ullih (Z. [2] 
2, 00) as a brown powder; obtained by passing 
an electric current from 8 Bimscn-cells throngli 
a fused mixture of KF and Co.D„ in a porcolai^i 
crucible, and treating with water the bro^y^ish 
mass formed at the negative pole. The Si was, 
derived from the crucible which was strongly 
attacked. Analysis gave numbers nearly agree- 
ing with the foruiula (Je.Si.,. ^ . 

Cerium, sulphides of. Only one sulphide is 
known, ccrous sulphide, Ce.^S;,. It is best t 
tained by passing dry II.S o^ver CeO., healed^ to 
full redness in a porcelain lube. S.G. 5’1. Ver- 


|%ax ; whence it is obtained by distillation, af, 
better, by treatment with alcoholic KOH.— 2. In 
the free state in b^’s wax (John, O^misch^ 
Schriften, 38; Bbudet a. BoissCnot, /. Ph, 
13, 38; Iffltling, 2, 267; Hess, A. 27. 3; 
Gcrhardt, Pev, scient. 19, 6 ; Lewy, A. Ch, [3] 
13. 438 ; Brodie.^il. 67, 180; Zatzek, M. 3, 677). 

Formation.— oxidation of paraffin with 
dilute HNO3 o^with «!iroijiic mixture (Gill a. 
Meusel, C. J. 21, 466). Also by heating ceryl 
alcohol with soda-lime (jfchw&lb, A. 23fl^ 141). 

Preparation.— alcoholic extract from 
bee’s wax is recry^tallised till it molts at 70®. 
This iSk dissolw^d in alcohol and the lead sail 
thrown down ny alcoholic lead* or ^uprio ace* 
tato. * , 

Salts.— NaA'. — CuA'., at fl)0®. - PbA',, 
KA'.-MgA'„ ? [140®-145°1.— AgA'. 
Methyl ether [00"] (N afzger, il. 224; 
233). 

Ethyl i'thcr EtA'. [60®]. Fatty platet 
(from alcohol). Solutfff, in ether. May b( 

' distilled in vacuo^ On distillation it gives ofi 
C.,H, and CO., and the distilbite contains ceroti( 

' acid and a pa'raffin [44®Jt(C,,H,, or whih 

! in the retort tliero remains a ketone ^[^2^3 whici 
: is (C,..H,„) ,CO or (03«H,3).,C0. 

1 Ceryl ether C,,H,,.O.a,H330. [8f] 

: Occurs almost pure as ftliineso wax (Brodie) 

■ Occurs also in opium-wax (Hesse, B. 3, 638) 

' and in yolk, the sweat of sheep (Buisine, Bl. [2 
1 42, 201). 

An acid [70°] isomeric or identical witl 
ccrotic acid is the chief acid ^jU'esont in thi 
' prod act of saponification o^f^carnailba wax. From 
It is best ob- I alcohol it separates a?y a jelly, but from other 
solvents (ether, benzene, light petroleum) as a 
crystalline powder (StLirckc, A. 223, 283; cf. 


Sol. boiling glacial 
Insol. boiling alcohol 


mil ion to black “according to the tempcr.ature | Bcrard, Z. [2] 6, -(tjo) 
at which prepared. May also be obtained in : Salt.— Fb^Yi! [H* J* 

red translucent crys^ils by passing dry Tl.^S ; acetic acid and toluene. 

over a fused mixture of dry NaCl and dry Ce , Cl,;, or cUkj. tt • /n tt \ rn 

and then washing with watdr. Unchanged m | CERO^JpNE C JTimiO %.e. (0.^11:,:, ) ^CO () 

ordinary aii-S but burnt to SO‘, and CeO, below ; f02®]r Formed by distill nig lead ccrotato (Bruck- 
a red lieat in air. ^Dissolves easily in dilute , iier, J". pr. 57, 17). riates (froin ether) 
acidst with production of II .S ; very slowly do- j 


composed by warm water (Didier, G. |f2. 100, 
1401; V, also Lange, J, pr, 82, 129; aiid IMo- 
sander, P. 11, 400). 

Cerium, sulphocyanide of ; v. srm’iio- 
OYANIDES, under Cyaniuks. M. M. P. M. 

CE^OPIC ACID (?) In tire leaves 

of the Scotch fir {Finns sytvestris), from which 
it may be extracted by diliUe alcoliol. Minute 
needles — BaA"aq (Kawalier,^4. 88,^1300). 

• CER08IN ,C24H„0. [82 j. A waxy sub- 
stance found on the stem of the sugar-cane. 
Nacreous lamimc (from alcohol). Heating with 
•potash-lime oxidises it to cerosic acid 
C4 hH,b 03 (?) [93®], which ^pay be crystallised 
from petroleum (Avequin, A. C/i. 75, 218; Dumas, 
A. Ch. 75, 222 ; Lewy, A. C/t^[3] 13, 438). 

CEROTENE [58\]r A i^roduct of 

the distillation of Chinese wax (Brodie, P. M. 
[3] 33, 378 \ A. 67*, 210). Resembles paraffin. 
Chlorine forms C.^^l/^oClis, C,jH33Cl2„ and 
C.4 ;Hj 3C1.22 . /; a similar body [C6°] occurs in hay ; 
it is perhaps 0301142 (K6nig Kiesoff, B. 6, 
500). 

CERSTlCtflLClD C^n.^OjOr CA2O2. [78®]. 

Oputrence, — 1. As oeryl oerotate in Chinese 


Cerotone (C.,;H,,)..CO (?) [92®]. Formed by 
distilling ccrotic acid' or its etbyl etlier (Nafzger, 
A. 221, 237). Plates (from acetone). 

CERYL ALCOHOL C, JI,,;0 or C.,,H,.A. [79°]. 
Occurrence , — Chinese-wax consj^ts almost 
entirely of ceryl cerotatc (Brodie, A. 07, 180 ; 
Schwalb, A. 235, 141). Ceryl cerotatc also 
occurs in tha rweat mi the wool of sheep. The 
wax outside ripe heads of the opiimi poppy 
contains ceryl ccrotate and ceryl palniitate, [79°] 
(Hesse, B. 3, 037). . , . , 

iVeparu/wnt.— Chinese-wax is saponified with 
alcoludic l>ot«'Sb, tlie product mixed with baric 
chloride solution and the ceryl alcohoPsef^rated 
from barib corotate by solution in akohol. 

Reactions. — Is oxidised to ccrotic acid 
C.,7H.,0., by heating jvith soda-lime. • 

Iso-ceryl alcohol C^Hj^O. [62®]. The por- 
ti(^ of the wax of F'ictts gummiflua which is 
insoluble in cold ethf r (Kessel, B. 11, 2113). 
cetyl derivative OjjHjjOAc. [67®]. 
CESP1TINEC5H,3N(?). (96°). Occurs in coal 
t^”, and in the product of the distillation of peat 
(Church a. Owen, P. M. [4] 20, 110; Fritzscbe, 
J. 1868, 402) LiV^uid, miscible with water. 
Combines witn EtI. Its platinochlbride is de- 
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som^sed by boiling water (De Coninck, Sh [2]« Bi-cptyl-aootio acid ♦.«. 

15, 131). Goldschmidt a. Constam (R.IG, 2978) (C,uHJaCH.CC),H. [70°]. Formed by heating 
suggest that it is wet J)yridme. di-cetyl -malonic acid at 150° (Guthzeit, A. 206, 

C£TANi% u. Hkxadeca^k. ' 3G5). Crystalline scales, al. sol, alcohol. — AgA's 

CETENE O.A, i.c. amorphous pp. 

Cetylene, Hexadecylena. [4°]. (275°) ; (155°) CETYL ALCOHOL 0,„H,,0. JitJial, n-PHm- 
at 16 mm. S.G. i-7917; i/' *7842. V.D. 8 0. hexadecyl alcoliok Mol. w. 212. [50°]. (844°); 
Formed by distilling cetyl alcohol withP.,Oj (190°) •tiL 15 mm. S.G. (liquid) °f«tf817Gj 
(Dumas a.^61igot, Gjj. [2J (^, 4 ; Smith, “A. = *8105 ; “f = •7837. H. h\ 112,000 (BerTliclot). 

Ch. [3j 6, 40). Also by distillfl^ cetyl palnii- • OccuP^r.nce. — S|)emi:lfc(;ti is cetyl palmitate 
tate orecommercibl j||)ermaceti (c/. Krafft, B. (C,„Tl^.,)C,„lt3,0._, (Clipvreui, Rcchci'chamsur les 
10, 3018). Oil; sol. alcohol and ether. Accord- i Sq)s^;)ms, p. 171; Dumas a.^Peligot, A. Ch. [2] 
ing to Bcrthelot {A. Ch. [3] 51, 8D it forms un- ' 02, 1; Dmmis a. Stas, A. Ch. [2] 73, (^4 ; Smith, 
stable compounds with ILBr and KCl. ^ forms ; .1. C'/i. [3J 0, 10 A. 42, 217^ Heintz.P. 84, 232; 
a dibroftide OmH^oBr.^ [14°] w^ienco alcoholic ; 87, 553). In the 'sebaceous ^aiids of geese and • 
KOH foriits oily bromo-ceteno (Ohydenius, .1. I ducks (De 4onge, H. 3, 22;*).* 

143, 267). tlClO forms chloro-cetyl alcohol ! Formalitm. By the distillation of baric 
C,,;H.,.jCl(On) (c. 300°) (Cariiis, A. 12(>, lft5). sebacate (.Sclj^rlemmor, Pr, J^, 22). 

SO;, forms CiJl-jiSOaH [18^], insol. water.— KA' : Piriiaration. — 1. Sponnaecti (10 pts.) ia 

[10G°J; S. 1 (Lasaronko, D. 7, 125). boiled with alcohol (5 pts.) and potash (2 pts.) 

An isomeride of cetenc* [42°],^281'°) is got until sai)onilicd. 'riu; product is poured into 
by distilling azelaio a<^ with baryta (Schorlcui- water and t^e cctyl alcofiol crystallised from 
mer. A, 13G, 2(55). ether. The crude coiiiinercial oetvl alcohol con- 

CETENE GLYCpL. The di-a cctyl rZert- I tains in addition t<f hcxadrcyl alcohol also n-p- 
C,.jri;,._,(OAc).^ ilt formed by the action of octadecyl alcoliol and i)r(jl,)ai)ly suuill quantities 
* AgOAo on iceteno dibroniide. It cannot bo dis- of othrg* lioinologues (Kral’ft, B. 17, 1G27). — 
tilled (Ghydenius, A. ^43, 270). 2. The acetate is forined by reducing palmitic 

CETENE OXIDE C,,ill,..0. [below 30°]. ; aldehyde (obtained by distilling barium palmi- 
(bolow 300°). Froi<iL chloro-cetyl alcohol I'e. j tate witli barium fonnate) with zinc-dust and 
Cktknf.) and aqueous KOlI(Carius, .4.120, 202). i .Acetic acid (KralTt, B. 10, 1721). 

Minute needles. j Pmpt'.rtu'.i. -Small crystalline plates (from 

CETIC ACID [55°]. The glyceryl *! alcohol). Gives palmitic acid on oxidation. 


derivative occurs in the oil expressed from the i 
seeds of fati'onha Curca^i (Bonis, J. 1851, 402). 
According to Tieintz (P. 90, 137) a very small j 
quantity of this acid is feiuud in the protlucts of I 
saponification of spermaceti. 

Ethyl ether EtA'. [21°] (P.). 

CBTINENE Cetylene. ILexadecinene. 

Hcmdecididene. [20°j. (1484 5. (lOh ') at 15 mm. 
S.G. = *804 ; = -797. H.F. 1 18,000 (Bv. lho- 

lot). Large colourless tables, Forined by lieut- 
iiig ccteno^(hcxadecylene) bromide (natural or 
syiithcticar) with alcoholic KOII (liYall’t, B. 17, 
1373 ; cf. Chydenius, C. R. 64, IKO). 

CETEARIC ACID C„H„0.. Contained, to- 
gethor with lichgfiostearic acid, in Iceland moss 
{Cctraria islandica) (Berzeliu.s, Schiu. J. 7, 317 ; i 
A» Ch. 90, 277; Ilorbcrger, A. 21, 137 ; Knop a. 
Bchnederr^ann, A. 55, 144). Hair-like needle# 
(from alcohol), v. si. sol, water, si. sol. ether, v. 
eol. boiling alcohol. Tastes bitter. Decomposed 
before melting. Its solutions turn brown on 
boiling, especially in presence of %lkali. Fe-^Cl,, 
gives a redpp. in neutral solutions. — (NHJ .A". — 
PbA". 

DICETYL Dotnacontanc. [70°]. 

(above 300°). V.D. 15*8. Fonned*by V’eating 
an elherSal solution of cctyl iodide with sodium 
(Sorabji, (J. J. 47, 37; cf. Lobedeff, JT. P.1884, 
[2] 299). Scales, v. si. sol. ether, v. sol. boiling 
glacial^HOAc. « • 

CETYL ACETATE CiaHajOAc. n-Prhndicxa- 
decyl acetate. [19°] (Becker, A.‘102, 220)’i( [€3°] 
(Krafift, B. 16, 1721). (27^°) at 190 mm. ; (200°) 
at 16 .mm. (K.). S.G.i^-8«0; ^ -8612. •MM. 
18*772 at 20*7° (Perkin, 0. J. i5t 421). Needles ; 
il. sol. cold alcohol. • 

CETYL -ACETIC ACIO is idehtioal wi.th 
8riiL&nTc JkciD (g.v.). * 


Sodium CetylateG,„ll,,NaO. [110°] (Fri- 
dan, .1. 83, U. 

tEthyl ether C,JI,5)Et. [20°J (Becker, 

A. 102 , 220 ). 

TRI-CETYL-A^INE C„1I,,N i.e. (C,„II„),N. 
[30°]. From cetyl iodide and gaseous NTIj at 
150° (Fridau, -4. 83, 25). N( (‘illes. Its salts are 
iiiKol. wat.-”, Lol. alcohol and ether. — B'HCl. — 
(B'ilGl / I’lGl , : yellow pp. 

CETYL-ANILINE C,..!ti,.N i.e. 

E (0.. II ,) Piii'nyl ■cetyham inc. [42°]. 

Eiom cetyl iodkle and anilliuj atwl00° (Fridau, 
.1.83,29). Silvery scaleg (from alcohol). Has 
jio aciiun on litmus, and docs not pp. metallic 
salts. B'.,H,,PtGl,. ^ 

DiAetyl-aniline N{CJl-)(G,^Ha 3 ) 2 . From 
cetyl-aniline and cetyl iodido at 110° (F.). 
Crystalline.— BUI .PtCl,. 

CETYL-BENZENE G,ll,(C„H,,,). HexadecyU 
ben enc. [27°]. (230° at 15 mm.) Formed by 
the af rton of sodium upon a njixturo*of iodo- 
bcnzorio and cetyli^xlido (Kraffl, P. 19, 2083). 

CETYL-BENZENE-SULPHONIC ACID 
CJI,(C,,ll!!|).SCl#'h IPxadecyLd>enzcntsul}di^ 
me acid. Formed by sul])liouati#g cetyl -benzene. 
The sodium salt A'Na is sparingly soluble (KralTt, 

B. 10, 2983). . 

CETYL B£NZ(4,ATEC,ell3,OBz. [30°] (Becker, 

A. 102, 210). Ci^-stalline .scales. 

CETYL BORATE C,„U,,,BG.. [58°] (Sc(*ifl, 

A. Siijml. 5, lOa). 

CETYL BtiklBE C,JI^.,Br. [15°]. From 
getyl alcohol,!^, and P (Fridau, ^83, 15), Insol. 
water, v. sol. alcohol and ether. 

CETYL CHLORIDl# G.UI^Cl. S.G. Ei *341. 
From cctyl alctfliol and PCl^. Oil, in sol. alco- 
hol, sol. ether? Boils above 280° with decoin po 
sition 0uma8 a. F51igot, A. Ch. Gi, 4; Tiitt* 

I Bcheff, Chim. jpurct 4G3f. 
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CHEMICAL AND PHYSICAL PROPERTIES. 

• 

CHPUICAIi AND PHYSIOAL FROFEBTIES tho same elements, it becomes necessary *tei 
iF BODIES, CONNEXIONS ^BETWEEN. Viden the meaning of the expression chemical 
Certain properties ore common to all kinds of composition. It becomes necessary to frame an 
natter, others are characteristic of this or that hypothesis to accoun\ for the obsewed facts 
;ind only. Thus, e*’ery material substance is The hypotl^is gefteiiilly adopted asserts that 
,cted on by the fore \ of gravity in exactly the matter has a grained structure, that a mass oi 
ame manner, but only a fe\f liquids rotate any kind of homo^neous matter is composed of 
bo plane of polarisation of a ray of thght. a vast but not indefiryte number of minute 
’ropertfts belonging to the second of these parts ; and that the prog^rties of the ^ass are 
lasseS|aro subdivided icto two groups,* physic conditioned by fitie properties of these parts, 
al and ^hemical properties. Chemfitry deals These minute portions oA mftter are Called 
atli those changes in the properties of material' molecules. But the molecule is not necessarily 
lodies which are accompanied by changes in itself without parts. The chemist asserts that 
ho composition of the bodies. ^Physics deals every mojjceule is buift up of a definite number 
/ith changes in the properties of bodies the of smaller part^' either of one cr of Several 
oinposition of whicfi fernuins tho samo. When kinds of matter. These parts of molecules are 
lie totality of properties by whicli a body is j called atoms. The atoms of elerndfits are the 
;nown remains .unsilte red throughqjit any pro- ; ultimate forms of matter with which chemistry 
ess, that process* is called physic.al ; when : at present concerns itself. The * hypothesis 
ho result of any process is a body or bodies ■ goes on to assert that the properties of a 
vith properties so dilTcrent from tho totality molecule, ant^ hence tho properties of any 
•f those of the origiirtil that tho c^iginal cun portion of homogeneous <^nattGr composed of 
10 longer be said to exist, that jjrocess is ; molecules of this kind, are conditioned by the 
lulled chemical. Physical mid chemical pro- | ftaturc, the number,* and the y'clativo arrange- 
icssos are always closely connected in their ' ment, of the atoms which together f^Pm the 
iccurrence ; no chemical change takeSji place molecule. In other words, the hypothesis 
vithout some accompanying physical change, declares that the molecule il itself a structure, 
uvd it is probable tliat every physical change is Ou this hypothesis, by the chemical composi- 
0 some o.xterit accompanied by chemical tionofa body is meant a st|tomcnt of the na- 
ihange. Many pliysi<;al properties are quanti- * tnre, number, and relative arrangement, of the 
ies which may be accurately measured; ' atoms which form a molecule of the body. Wc^ 
nclting- and boiling-points, specific gravity, Ac., know as yet almost nothing about tho configu-^ 
fee. Cliango of coin] >osi lion of a body or sys- . ration of atoms in molecules ; but chemistry 
;em of bodies is very fre(iueiitlyacc()mi»aniod by j has formed certain more or less c*lear hy- 
shango in tho value oit one or more of the^ | potheses, and attempts are consfantly being 
ncasiirable quantities; in other w'ords, the ' made to connect chai^cif in the values of 
ihysical constants of a body ^ro conditioned, j various physical properties with variations in 
imong other circumstances, by changes in the ; the relative arrangoinent of atoms in molecules, 
variable, chemical composition. By the chomi- : as this arrangement is conceived by the.liy-* 
;al composition of any homogeneous kind of ; potheses in questioii* «. 

natter is meant, in tho first idace, a statement of j But tho physical conception of the molecule 
ihc elements, and of the»miv>s of each element, i is derived from tlio study of various gaseous 
n a given mass of that bqdy: jii this meaning • phenomena: the physicist deals with tho mo- 
)f the term the chemical coii^iosition of a lecule ^ a wfiolo; he pictures tho mmocules as 
jody, or systeifi can bo accurately stated, and performing certain vibrations, on the form, 
iefinito relations can tie determined between | amplitude, and rate, of which the physical 
shange^in tho composition and changes in tho j properties of bodies depend. The two concep- 
/alues of such physical jiropertios as niffting- j tions, the chemical and tho pnysical concep- 
ind boiling-points, specific rotatory power, spe- tion, of the molecule are therefore to a great 
nfic refractive energy, and so forth. When the ' eVeut mutually independent. In how then, 
relations between the two groups of changes ■ one may ask, can a development of the chemical 
Imve been studied and generalised, it jnay be- : conception bo looked for by using physical 
;ome pos»dhlc to infer tlie amount and cha- ; methods of inquiry ? Looking at recent re- 
•acter of a change of comi)osi(ioii from measure- ! searches, it seetis probable that the chemical 

iicnts of the clianges in the values of a few | conceijtion of the molecule must be very con- 

)i)ysical f>roperties. It would bf ,imiii?‘ssible to ■ siderably modified, and must bo brought more 
itudy the relations between every chemical into hanuony with the physical conception, 
jhange and the accompanying variations in tho Tlie latter is^itsolf to some extent being changed 
ol^ysical properties of the bodies forming the by the development of the theory oftvortox 

ihanging system ; it is geej'ssary to select i atoms. BuUit must not be forgotten that the 

lypical cases, and to study thearo as accurately j physical conception, in so far as it i§ a clear 
ind minutely as possible. As a rule, onephvsi- j conception, has been developed almost \iholly 
}al property is choSon for rae»fluremen^ ; the | from the sjiudy of gaseofis la^s, more especially 
jomposition of the system is d^ihed to begin ' of the laws which express the relations of the 
writh ; the systesfn is allowed, or ctluscd, to pass^ voluifled of gases to ten^eraturo and pressure; 
into another definite state;; and the variation ; these relations are iepeudent on the states of 
in the value of the chosen uroperty is determined, combination of the ^rts of molecules, and are 
But when ^ is found that several distinct ! in no way affected by the nature or number of . 
kinds of matter exist, each homogeneous, each i thes^part#^ The chemical conception, on the 
Jistinguish^ by definite properties, and each I other hand, iliust be made sufficiently elastic to 
sontaining in a given mass the same masses of | cover the phenofiena presented by gaseouii 
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and solid, compounds ; and most of th^ 
chemical processed which occur an^ng com- 
pounds# belonging to" these classes! are con- 
ditioned boih by the natui^ and number, and by 
the states of combinationpof* the ai^ms which 
form the chemical molecules of the reacting 
bodies. The chemical concepfion of the mole- 
cule will probably be n^odifled when we know 
more of tli^se propmtie%whicl^likc the relation 
between the volumS of gascs^id the tempera- 
ture aiHl pressure? of <liese gases, are to a groat 
extent, if not altogether, independent of the 
nature and numbers of the constituent parts of 
molecules. The physical conception ^yll pro- 
bably M modified as we leariT more of those 
propertied which, like specific heat, are for 
the most pa%t dependent on the nature and 
numbers of the constituent parts of molecitlos. 

{v. MoLECULA^ BTllUCTUIiE OF MATTER, TIIKOUIKS 
nEOAimiNo). 

Chemistry regards not only cluinges in tlie 
composition, but alsojihangns in the properties, 
of bodies ; she attempts to generalise not only 
the laws of composition, but also those of the 
mutual Ifctions, of lipdics. The study of the 
• councxionf between changes of composition 
and variations in physical properties of chemi- 
cally reading bodies will throw light on the 
nature of clicmioaU cliange. When accurate 
msasiirements Ivive been made of thcquaiitities 
of heat which disapp(nir or aro pro(luco<l in a 
series of typical clieinical processes wc shall he* 
able to a)^)ly to these processes the knowledge 
of heat-energy which is generalised in the ther- 
modynamical !aws. Chemical change may then 
perhaps bo shown to'^^be^i sp'^-cial instance of the 
working of these laws. The ee elitions of che- 
mical change on the one hand, and of physical 
<?liango on the other, must bo studied, in order 
that the laws which tlie.-.e cmiditioJis 

may be gained; the relations between .hesetw'o 
groups of laws must then be ascertained ; thus 
it may became possible to attain to clear mental 
images of natural phenomena as wholes which 
now present one aspect to the pliysicist and 
another to the chemist. 

For account^of the various physical methods 
employed in chemistry, and resumes of the more 
important results, v. PiivsicAL methods. 

M. M. l\ M. * 

CHEIAcAL change, Cliemical science 
is based upon the hypothesis that matter is con- 
stituted of extremely small particles or atoms, 
and that these atoms are capahUtof aggregating 
together by virtue of certain inherent properties 
or forces, their alfinitics, to form complex atomic 
structures or groupings. 

The recognition of this distinctwc force by 
' the oldet chemists led them to proponnd^various 
theol’ies to account for its existence snd explain 
the phenomena of chemical action (y. AkAnitx). 

Wi|h the nature of this force we are not con- 
cerned here, but onl/ wiA the phonoirena that 
accompany its exhibition and the circumstances 
that modify its action. ^ ^ * 

By a chemical change, th»^fore, is meant any 
alteration either (1) of the Character of i per- 
mutation in an atomic group, such for instance 
as is exhibited in the change of ammonium 
oyanate, NH^CNO, into urea ;. or 02) 

a permutation between two or more such groups, 


as AB + CD =» AD -f BC, which groups may be of 
^various degrees of complexity ; or (3) the change 
may arise from a oombinalion such as 
AB + CD = ABCD, or the converse of this, as is 
seen in the phenomena of dissociation. 

The majority of chemical changes may bo 
formulated as peemutatioul between two sots of 
ntomi(^ groups ; such as the action of bases on 
acids, the (h'com position of one salt by Aother, 
o? the C(fbibiuatioJi lH‘t\#L'en gaseous oloimgits as 
IL + CL= ‘itICl. Ex;iniplea of chemicaibciiange 
ffccoKliiig to case (3) are of Ufss frequent occur- 
rence lliau the last ; such are the formation of 
double salts lik^the aliims,^tho combination of 
certain gaseous molecules wilh oxide.s, etc., as 
CaO + CO,»=CaCO, and Ci) ^ Cl, = COCL. The 
number of strikingly marked instances that 
could come ipdcr the hcadof^orMiutations in an 
atomic group is very small, ^but such changes 
may be of fsequent occurrence, producing altcra- 
t'ons ill physical and chemical properties too 
slight to be •■cognisable. • 

There are several bodies which are known to 
undergo reniurkaWo and highly interesting 
physical, and consetpiently no doubt chemical, 
change^, when heated, hut whether such clianges 
come under class (1) or class (3) is undecided. 
Among such substances aro phosjdiorus, part^ * 
cyano;;en, and cyanuric acid. In the case of 
filifispliorus, the change from tho yellow to the 
re<l modiluation, caused by heat or light, is 
probably due to an alteration in the state of 
aggregation of the atoms ; that is to say, if the 
molecuh^ of vellow phosphorus ho P„ that of the 
rc^ modification is proh.fhly P,„ ; for solid para- 
cyanogen, which is eon verted by heat into 
g.aseous cyanoge^, and for cyanuric acid, tho 
same may he true, wilh or without a re-arrange- 
ment among the constituent atoms of the 
molecules t ’’. ALLoxiiopy and Isomeiusm). 

Till' sl'idy of the phe.nonunia attending a 
chemical change 3 ho"’s Hiat in many instances 
lli^ re is an acco#ipai^ing (jvolution of energy, 
from the. cliai^pug system, in one form or 
other, either as heat, or light, or as eloctiiical 
current..,. Tn other cases lo produce a chemical 
change expenditure of energy is neoossaf^. 

W’|at may ho tho nature of the chemical 
force or allin ity that acts between atoms is not 
known, but it is characterised from gravitative 
force by tliis dilTenuice, that whereas gravitation 
act upon all kinds of matter alike, depending 
morel;, *on the niassc.s of tho bodies, themical 
attraction or alliiiiiy depends upon tho kinds of 
matter iliat arc presented to each other, as well 
as upon itift eotaplilhms under which tb^ bodieii 
arc brought together ; in otlice words, it is an. 
elective attraction modiliahlo by circumstances. 
For instance, at a red heat metallic iron is oxidis^ 
by water vapour aivl l^drogon is set atliberty, but 
at a lower tempofaturo oxide of iron is reduced 
by hydrogen with tho formation of metallic iron 
and waiter vapoxr ; a mixture of hydrogen and 
chlorine will reAain unchanged for any length 

time in dareness, but ^xi)osive to sunlight 
will cause almost instantaneous combination,, 
and the resulting comp|und (hydric chloride) may 
be again conversed into its original^ constituents 
by heat. If t8 a solution of silver nitrate a piece' 
of metallic copper be added, metallso silver ia, 
ppd., and copper nitrate formed ; lind if now to the* 
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copper nitrate a piece of zinc or iron be added, ^ 
metaUio copper is ppd., and zinc or iron nitrate 
is formed. 

These illustrations are sufficient to show the 
relativity of chemicill affinity as depending both 
upon the conditions which the system is sub- 
jected as well as upon rae quali tids of the mritcrials. 

• Un^cr whatever conditions a clfcmical 
system may exist in which a change is^ happen- 
ing, t?iC atomic forces ftt work will ^cntinuelo 
actuntf^a state of more or less stable equili- 
brium is reached, rfiter wliieh no further action 
will take pllce; and the ultimate limit reached 
will depend iipnii (i) the relatii'e quantities of 
the reacting bodics^^; ;’,nd (2) the conditions to 
which the system is subjected. As ’the system 
passes from tbe initial to the final configuration 
there will be a*loA or gain of eni^gy equal in 
amount to the dirfcvencc between the total 
energy of the system in the two states. The 
rate at wliich the chapge takes place will depend 
also upon the same two circumstances. Tboso 
two statements amount to this ; that, represent- , 
ing a chemical change by the equation A + 11 - 
A'-f-B', all the atomic forces at work producing 
the transformation liave not invariably the same 
r , ratios, but that the ratios vary with variatioiis in 
tlfic conditions as regards heat, light, Ac. ; and, 
consequently, any determinations of the relative^ 
affinities of the members of the system can only 
be looked upon as expressing certain ratios that ^ 
hold good under special conditions. The final 
state reached by the system, and tbe rate at 
which the cliange progt^c.ssos towards that sta^e, 
vary with tbe relative masses of the roactitig 
bodies, other things being equal, although tlie 
atomic forces or the affinities nmiain the same. 
In other words the fiial configuration, and the 
speed of attaining it, are eaeli a function of the 
reacting masses and of tlio atomic forces, the 
latter being a function ^f the physical conditions 
to which the system is subfected. 

The phenomena of dis^ociafton furnish many 
examples of «tliese facts ; as •do also those 
systems which are limited by inverse actions and 
do not properly come under the term dissociation, 
wherein both the masses of the constitumits as 
well as the conditions, esxiecially as regartW! heat, 
influence the cliango in its amount and rate. 
The great field offered for investigation by 
fractional pptn. will, no doubt, afford many strik- 
ing instances of the variations of the .affinity 
values under diverse circumstances when the 
subject is worked out. * 

Fron^the foregoing considoration^it is clear 
"'^at a chemical system mayor A.iynoi undergo 
change by virtue of any intrinsic forces acting 
among the constituents, but that such will 
btoppen only according to the conditions to which 
it is subjected. Beaction^ wlycb at moderate 
temperatures take place with evolution of much 
energy may bo completely suspended by lowering 
or increasing the temperature, ix 4 *ludin|, light, 
or altering the pressure; in offl^ier words, the 
forces or affinfties r(*.dsting change, if greateF 
than those tending to Jl-oducc an alteration 
under some -(circumstances, n^^y bo reversed 
when these circumstances are alt^’ed. 

There ^re, however, a number of interesting 
examples in wH^ich the stability of a system 
seems be overturned by the mere presence 


i:>f an extraneous body which itself iimdergcfiH 
no appar^it change. For instance, oxygen and 
SO.^ do mH combine, when mod.erately* heated, 
but if pas^d over spSagy platim;m Ibmbination 
readily ooTurs. Soiftetimes again the inter- 
mediate body does undergo cht^nge, as when 
chlorine is passeif over a strongly heated mixture 
of carbon and silica, yhereas without the addi- 
tion of carbon tlm silic»<s ^t acted vqpon by the 
chlorine ; or, platinum, which itself is insoluble 
in nitric acid, may be rehder^d soluble in the 
same acid by alloying it with silver [v. posit 
Catalytic changes, ft. 750). 

Som#.! equal^ remarkable instances of the 
appaiont necessity of tlie presence ^ i a third 
body in order to bring about chemical action 
between two oUiers have been noticed. Wanklyn 
(C.?V. 20, 271) found that perfectly dry chlorine 
gas has no action upon metallic soiUum. Couper 
(C.J. *13, 153), starting from Wanklyn’s observa- 
tion, has exaaiincd the action of dry chlorine on 
several metals that are acfrd upon vigorously by 
^tlio moist gas. Hj* ^ound that dry eJilorino has 
no x>ercej)tiblo action on Dutfh metal^vhercas 
with the moist gas confoination takes place, 
witli x^roduction of heat antyight; or oTi touching 
the metallic surface wlicn in an ati/iosjdicre of 
dry chlorine with a drox^ of water, instant com- 
bination occurs. Coux^er eAiiminod a number of 
metals in the same way with tlie following rc- 
^siilts : the chlorine gas used was allowed to 
stand over CaCl._, for several days to thoroughly 
dry it. Zinc, and magnesium, showed, no action ; 
silver, slight action ; bismuth^ combination 
slow; arsenic, antimony, aj>d tin, rapidly acted 
uxion. It is worthy of n*»te that tliese last three 
metals form volatile chlorides liquid at ordinary 
temperatures. With mercury, combinotiou 
equally rapid, wi^h dry or moist chlorine. 
Potassium showed sligfit action, probably due 
to adhering KHO ; with proxicr precautions 
against moisture, action was slow. Di.xon 
{T, 1881, 0^7) has observed a sonifwhat ana- 
logonj^fact relating to the combination of gases 
under the influence of the electric spark. He 
has shown that if a mixture of CO and 0 be 
X>erfcctly dried by PjOs, and b(^ then subjected 
to the sjiark from a large Leyden jar or a 
llulimkorff’s coil, union does not take place; if. 
However, the slightest trace of mfjisture be 
admitted to the mixture, and the spark again 
made to pass, combination occurs. The hypo- 
tlicsis Bixon advances to account for these facts 
is that the infcrventioii of water molecules is 
necessary to bring about combination, a molecule 
of water being decomposed under the influence 
of the spark by one of carbonic oxide to form 
earboni 9 adtd and free hydrogen, the latter in 
its turn combining with the oxygen *10 |prm 
water thi&‘ cycle of operatioiv? bejng repre- 
sented by the equations H^O + CO == + CO^ ; 

11.^ O H.jO ; consequents a compaAtively 
small number of water molecules are necessary 
to ejjesi complete combustion. (See also C. J, 
49, 94.) Phosidiorustand carbon have been 
showi? by Baker {(\J. 47, 349) to combine with 
oxygen less energetically in the absence of mois- 
ture than when moisture is present ; and Barn- 
say and ^oung (C. J. 45, 93) observed that if a 
mixture of dry anfl N is passed through a 
tube containing iron filings at a red*heat no 
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ynih the moist g|ise8» how^ 
OTor, ^ 3^, is obtained. 

AtpOTBOPIC ^HANGE. 

Several of the elemenfary bodios(»are known 
to exist in or more different modiiications, 
such for instance ^s sulphur; sclonion, carbon, 
phosphorus, and oxygenc the several forms of 
each elenient exliibif^iore^or less strongly 
marked difference inchemical as well as physical 
properties. It is probable that such dilTcrent 
modifications of one elementary body consist, a.s 
in the case of oxygen an4 ozone, of dilferont 
atomic Roupings or aggregates^of atonic. The 
means ojawhlfii the change from one modifica- 
tion of an element to anotlier is brought about 
are various. Oxygen is converted into ozone by 
the eleotrio sj^rk or ‘ silent discharge,’ and ozone 
is changed again into oxygon by heat; yellow 
phosphorus is converted into the rod modification 
either by light or by Imat, and tlie»red modifica- 
tion is again reconveiCed into yellow phosphorus 
at a higher temperature ; sulphur and selenion^ 
undergo g^veral clmn^s under the inlluoucc of 
heat ; in tjho case of ckrbon, the conditions ne- 
• cessary to oring abc^t metamorphoses are not 
fully knowh. 

The study of certain isomeric compound 
bodies {v, IsoMnaJhM) has shown that the 
transformation ef one isomoride into another is, 
m some cases, somewhat analogous to tlie^ 
phenomena of dissociation. If solid para- 
cyanogen ^CN)„ is lieated in a closed vessel to 
8(50'^ it is entirely converted into cyanogen gas 
{CN)jj; the j'ressuro uicreasos until the gas con- 
denses and is liquefied 9n tlu- cooler parts of the 
apparatus. At temperatures below 500'^ little 
or xo decomposition occurs. As the para- 
cyandgen is heated above Jhis temperature a 
slow transformation taRes place into gasecuis 
lyanogen, and the transformation continues 
until the pressure of the cyanogen gas attains a 
certain deffiite limit bfjyond which^if does not 
rise, and there is no further evolutrn'y! gas. 
Exhausting the apparatus and maintaining the 
temperalure, the pressure again rises to its 
previous limit •nd remains stationary however 
' long the heating is continued. For every such 
temperature there is a maximum pressure 
reached iiihich limits the further decompositi(^i 
of the paracyanogerf into gaseous cyanogen. If 
now when tho^ pressure has attained its limit, 
at a given temperature, a quantUy of cyanogen 
gas is forced into the apparatus, the pressure 
slowly falls to the initial limit witli the trans- 
formation of gaseous cyanogen into solid para- 
oyanogen. Troost a. Hautcfeuille {C. B. 66, 7H5, 
795) have found the following valves f^r these 
presiurA of transformation at different tem- 
peratures • * • 


Ifemp. 

Pressure of transformation. 

602® 

61° 

mmv 

506 

66 

” • • 

659 

• 123 


676 

,^29 

•» 1 

687 

167 

ft 

699 

275 

**» t 

601 

318 


629 

• ^8 


6i0 

1310 



The transformation of solid paraoyanogen 
into. gaseous cyanogen is seen to bo analogous 
to the volatilisation of a liquid in presence of 
its own vapour ; but the fomiation of red phos- 
phorus from the yellow maljerial or vice-versd is 
a more complex process. Jj a quantity of yellow 
phosphorus is heated in A closed vessel (say to 
5OO'^),0 the mass of phosphorus being moro 
than sufficient to volatilise in the space, % maxi- 
lAum pressure is quick I j attained. After* time 
the pressuA) gradual !y falls, more or los»quickly 
Ticcofding to the temperature, till it reaches a 
minimum at wliich it remains cowtant. Pro- 
vided there is no cluiuge pf tcinperaturo, the 
vapour of the pnosphorns Js gradually converted 
into the r«l modification which condenses on tho 
sides of the apparatus, tf the quantity of phos- 
phorus intrj^luced into the apparatus is just 
.sullicient to volatilise and fill the vessel with 
vapour at 4ho first pressure^ (Hie heating being 
continued), red plio.sphorus h( gins to form after 
atirao, andlho pre.ssuie ftoiiliniies to fall until 
lljo minimum limit is reaidied as before. If, 
liow'ever, only sufficient ordinary phosphorus 
is used to fill the apparatus wfitli vapour at the 
lower ^imit of prc.ssur(^, no red phosphorus is 
formed, however long the lieaiing may be con-^ 
tiiiued. . These two pressm es the maximuni'W^ 
first attained, and the final minimum limiting 
%ho transformation of yidlow into red phos- 
phorus — depend solely upon tho temperature. 
Troost and Ifauteh uille (/I. Ch. [5j ‘2, lofi) found 
the follow’Hig numbers relating to tlicso pheno- 
mena : 

» — - 



I’n's^nireof rupourof 

Miuiiimm pressure 

Tcnij). 

1> liinitiiig the truns- 

of viiiiour llrst 

|lormutiou 

piodneed 

360° 

•12 atms. 

3-2 atms. 

140 

1*75 „ 

7'5 „ 

4b< 

6 '80 


491 

• f 

18 

50.3 

<* _ • 

21-9 .. 

510 

'lO'S 

ft — 

511 

— « 

26-2 

531 

16 


550 

31 


tin 

56 
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The rates at which the transformation takes 
lacc as well as other plienomcna exhibited 
u ine^he cliango have been studied b^Lemoine 
4. Ch. [I] 21, 191). He gives the following 
umbers illustrative of tlic progress of the 
liange ii^j.ime : L ^ 


iQuantitics of ordinary V remaining at 
1 410^’, inter 

1 • mins. I 2 h. j 2h. I 1 17h. 2111. 32h.;4.ili. 


2-0 — 

6-9 — 

16 -4) , - 

l-0(llit}^orf) 

•JO. K w 


__ __ 2.0j 

__ . t'o\ 

llivl 7*0 4-1' 

— VI 10<3-7i 3-6; 


Lemoine (0. B. V'j 990) has given a mathe- 
matical theory l)f Uic changes thaVed or yellow 
phosphouiR undergoes when heated in a closed 
vessel, and has compared his formi^ea with the 
results of experiment. Let p iJe the t^tal mass 
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of material introduced into a space and let yi 
be the mass of yellow phosphortia formed or 
existing at time t \ if the red phosphorus be 
supposed to remaiim in the same state of divi* ' 
Sion throughout, itswee surface will be sensibly 
proportional to its nmss p-j/. ^The quantity of 
yellow phosphorus evolved, 8//,, in time H is 
equal ^ a{F-y) St, and the quantity of tile ordi- 
nary j^hosphoruB, Si/j, tjjansformed into the rfd 

modifiostion in the same time is 6(p -V) ^ ; the 

total effect jis therefore the difference between 
these two quantitie|y or 

dy = 52/, - > a(p - y) -^(p -y) | 

which may be written =f(g-y) re* 

• \ dt t. 

presenting the rate of change in terms of the 
ordinary phosphorus existing. •• 

For further account of Alloiropic Changes 
v. Allotuopy. ' * 

Influence op Pressubb on Gaseous CiiAxaEs. ' 

Many bodies wlicn subjected to the influence 
of heat in the gaseous state, undergo tnarked 
f . qjianges either in their physical or chemical 
properties, or in both ; such changes result more 
particularly in a diminution of molecular deiy 
sity or a disruption of molecular structure. 
Among such bodies may be cited, mercurous 
chloride, cliloral hydiatc, i)hosphoric chloride, 
hydriodic acid, nitric peroxide, hydric sclcnide, 
amylic bromide, and a§ctic acid. In the casc^of 
some of these bodies the changes in (juestibii 
have boon proved to be the accompaniment of 
disruption or dissociation oft- their molcenlcs 
(y. Dissociation); in other cases, such as nitric 
peroxide and acetic acid, there is no comjdcle 
proof that the changes in density which tliese 
bodies suffer when heated in the gaseous state 
are really occasioned ty a* dissociation of their 
molecules, or are due to tHe fa<5t of their vapours 
not obeying the dilatation-law feven when sulli- , 
cieiftly far removed fr^m the liquid slate as to \ 
place ^icm under the category of gases. Con- ! 
sidcred from these two points of view, it is evident i 
that the dilatation of a gas under the iiifluonce 
of heat may bo of a twofold character, arising 
from two distinctly separate causes ; lirstly, the i 
expansion may bo purely j)hysical, varying or not 
according to the dilatation -law, and secondly, ' 
there may bo expansion as the accompaniment 
of a chemical change, viz.,* separation of the 
gaseous , molecules into simpler grouj^ of atoms, 
■^n observed vq,riation of denijiy at different 
temperatures may be produced by either of these ] 
two causes, or by both combined, and it becomes 
Aicrefore a matter of great importance to bo 
able if possible to discrim if latfe', these two actions, 
and to say to which of them the observed results 
are to be ascribed. If it could be shown tnat a 
•liminution of pressure produced the saiXo varia- 
tion in the densities of certaiy gas/^ as has 
been observed^’ undei« the influence of heat, 
great point would be gained in favour of the dis- 
Bociation-th^ry in setlQing the cases under 
dispute. It^’would seem posslbje that a dis- 
crimination between the two possible phenomena 
accounting for abnormal densities might be made 
by introducing the element of time into such 


<nvostiga^ons. To make this clear, take the 
nitrogen htroxidet whoso vapour density at low 
temperatires has h(gn found to ^ upproxi- 
mately reijesente^ bj tha {ormula%.p„ while 
at High tefcperatures it corresponds to NOj (the 
vapour densities being 8*18 and 1*59 respec- 
tively). Now Troost (0. R, 86, 1394) found the 
vapour density of nitr^g^n tetroxide at 27° and 
at low pressures <0 be a^^fottows ; ^ 

Pressure. DensB^f. • ♦ 

35 mm. 1*6 

16 „ ^ 1*59 (NO, = 1*59). 

These SBSults sljpw that the same chajjge takes 
jflace under diminished pressure * s occurs under 
the influence of heat at ordinary^ atmospherio 
pressures ; that is to say, these numbers indicate 
that, if the observed changes in d^sity are due 
to dissociation of the molecules into the 
molecules NO,, then under a pressure p the ratio 
of the numb» of molecul^ of NjO^ to NO, is dif- 
ferent from the ratio whei»the pressure is altered 
, to temperature .being the same in each case. 
The proof of this assertion«.i3 of considerable 
importance in the thdbry of dissociation ; 
whether the change in density is or is not to be • 
j attributed to the supposed fact, tha,t the gas 
I NgO. forms an exception to the dilatation-law, 

I would seem to bo capable ii indisputable proof 
I by introducing the element of Kmo into the ex- 
, periments. If the gas N.^O^ is really dissociated 
: into NO, under diminislied pressure, 2 vols. 
i N,04 would give 4 vols. NO, ; nc^v, by the 
I kinetic theory of gases it is conceivable that 
I this dissociation would tak^- place practically in- 
1 staiitaneously when tlife temperature was in; 
j creased or the pressure was diminished, whereas 
■ on reversing the process the molecules ofr NO, 
would require soirn time before mootin(^ with 
the requisite number of partners to re-form the 
molecules of N.^O,. Such an experiment might 
form a crucial test of the truth of the dissocia- 
tion-hypotlyisis for this particularfgas, and it 
migh^ also bo applied to other cases, for it is 
scarcely conceivable that the coefficient of dila- 
tation of a gas should alter in time. Natanson 
( IV^. 24, 454) has determined tt o ratio between 
the specific lieats of nitrogen tetroxide by 
means of Kundt’s dust-figure method; his results 
Ibem to show that as the pressure deoB'eases this 
gas passes from a more to less complex mole- 
cular structure. o 

In the detm-mination of the vapour densities 
of .several bodros whose abnormal dilatations are 
almost undoubtedly to be ascribed to the disrup- 
tion or dissociation of their molecular struc- 
tures, the influence of time on the phenomenon 
has beqn sd'veral times observed, and has been 
made the subject of investigation by I^aumann 
for th^^ par'bicular case of ammoeiium^carbamate 
(v. next page). 

Wurtz {G. B, 60, 7^), |vhen determifting the 
vapour density of amylic bromide (b.p. 113®) 

I between 153° and 360°, noticed that when the 
I vapour was suddenly Heated to 225° the density 
was ^*69, whereasSVn another experiment when 
the vapour had been maintained at this tern- 
pei/'.ture, for ten minutes the density was 3*68. 

I These results show undoubtedly that thddiminu- 
1 tinn in* density, «L’r thb dissociation produced by 
heating, required time to be effected, and flenoe was 
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dUe to a ehetnical change and not to elvariationtiin bringing about dissociation, or disruption, of 
in the c^ffioient of .dilatation of the gls. T the molecules of the gas. By introducing the 

Kaunia^ (A. 160, 1) studied the ii^uence of i element of time into the experiments, and by • 
time on tfle dissociationtauj^ re-fo^nation of j suddenly varying the pressure, dissociation 
ammonium carbamate ; the followng ttfbles j might he shown to occiir jfn the case of nitvio 
illustrate the general bearing of his cxpeii- tetroxidc as already romar^d, the process in this 
nients; — I case being doubt! es;4 re visible ; whereas with 


Speed dissociatiwj) of NHgj.COo at 40°. 


Pressire under 
the dissociation- 
pressure, which 
=351 mm. 

— i! iii- 

increase of 
pressure 

Time ot 
increase 

129 mmA 

d 

_* 

37* 

87 mm. 

5 min. 

17 * 

20 

6 

10 

7 

5 • 

6 • 

4 

6 

4 

2 

5 

3 

1 

. 5 

2*5 

• *5 

• 5 

2 

• -5 

5 

1*6 

•4 • 

5 * 


* o 1-5 

17 


2 

SpCbd of formation a combination of 
2NHa + CO2)at20°. 


Excess of prcssur<j 
over dis-sociating- 
• pressure 

(cs62‘4 mm.) at 20® 

^ — 

Decrease of 
pressure 

Time of 
decrease , 

185 mm. 
140 „* 

45 mm. 

2-5 mins. 

90 „ 

50 ,, 

5 

63 „ 

27 „ 

6 

. 45 
^ 30 „ 

18 „ 

5 

15 „ 

5 „ 

21 

S 7f 

5 „ 

16 „ 

0 ,» 

5 „ 

10 „ 

6 „ 

5 „ 

6 

4 „ 

5 

0 ” 

4 „ 

2 „ 

^ »» 

1 i> 

3 „ 

10 „ 

0 „ 

1 » 

5 ,. 

0 ft 

0 „ 

0 » 


In these two examples it is seen that, starting 
with a n^ss of solid ammonium carbamate. (N' .u- 
mann showed by h» experiments that at all tem- 
peratures thecas evolved consists of 2NH., + CO..) 
and suddenly increasing the temperature, a con- 
siderable time is required before the normal 
pressure of dissociation corresponding to that 
temperature is reached. In like manner, by sml- 
denly diminishing the temperature, the recotnlii- 
nation of the ammonia with the cwboii dioxide 
to font the solid (NH 3 ),^C 02 doe.s not tJkc place 
instantaneousyr, but a considerablotimo elapses 
before the pressure corresponding to the 
lowei*temperature is arrived at. Although ana- 
logous in some resp* ctl^ to the volatilisation and 
condensation of a liquid, the phcnomojja exhi- 
bited by (NH,). 2 C 02 whe^heated are characterised 
by their gi'oater slowness. ^ 

In experiments relating to vapours ^ vary- 
ing densities— such as those of Troost on acetic 
acid and nitric tetroxide at low preslfures—it is 
important to determine •whe^er din/inution of 
pmsBUl^ acta in a manner sinular to that of heat 


say, oaonc, or a mixture of ozone and oxygen, 
the aiiiQunt of change produced by increasing 
the volume, say, twenty -fold, could bo determined 
^y the usrAil metliods of analysis (cf. jiso Dis- 
socmiON, and Eqcilujuidm? chemical). 

Chemical SyjTEM.s. 

Considcrin^tlio throe physical states in which* 
bodies areJcapal)le of undergoing chemical change, 
citlier as gases, liquids, or solids, it is evident tliai 
there arc tw^ distinct kinds o’^lasses of chemical 
systems possible, according to the states in wliich 
the active eubstanccs exist, and which may be 
termed lielerogenoous and homogeneous systems. 
The formed name is a))pHed to all reactions in 
which the active iiiemhers of the system are in 
dilTercnt phy.sieal states, a solid and a liquid, or 
a solid and a gas, or a liquid and a gas; aa 
examples of each of these may be mentioned the 
action of aebis on metals or on carbonates, tlie 
dissociation of calcic carbonate or ammonic Cul^ 
bamato by heat, and tlic o.xidising action of free 
►oxyg('U on sohUions of stannous or ferrous salts. 
By liomogeneous sy, stems are to be understood 
those in which all tin; active members exist in 
the same physical stale, cither as liquids ot 
gases; it is inconceivable that two solitV bodies, 
l^owevcr (imdy i)uw(1ei(;d and well mixed, could 
come under this eategniy. Examples of homo- 
geneous system^s an; shown in the numerous 
cthcrilioation processes, tlie oxidising action of 
potassic chlorate on hu’i’ous salts, t'lo action of 
oxalic acid mi p!it.i,^sio permanganate, among 
lipiids, .ind for gaseous systems, the action of 
iodine or selenion an i^ydrogen, and the influ- 
ence of light on a rhxturc of eliloriiic and hy- 
dvd.an or on }>aseous liydriodie arjid. Many valu- 
able facts have lieen brought out by tlie study 
of he(erogencouscheinI('al systems, especially as 
regards dissociutioiiqibenoiuena ; but iho great 
hidden wliich the nic.ist fundamental facts con- 
' corning chemical aeiion will ho gathered is 
mitiirally that en.biaeing homogeneous systems, 
j f'lr here tlie most intimate contact exists among 
t' (; acting substanci's, affording free play to tho 
vari .tis chemical h.e e.rs at work, and 4110 secon- 
dary iihysical e.lmng»;:s which interfere with tho 
primary chemical cliango arc reduced to a mini- 
mum. ^ ^ 

Heterogeneous Systems. flladstono and 
Tribe [Pr. Ih, 408) have investigated the rate at 
which a n. ive positive metal immersed a 
solution fh !■. sal6ofja less positive one displaces 
the latter, mid tlm relation which exists between 
the rate of acti>»n and tho mass of salt in the 
solution. Employing a solution of argentio 
nitrate, tho '^hspluvung metal being copper, dAd. 
♦allowing tho^ction to ceptinuqjfor ten minutes 
under varying conditions of concentration, they 
found that by doublu|g the amount of silver salt 
in solution thd amount of action ijjiat took place 
during this ftitorval of time was trebled. Zino 
and cupric chloride, zinc and cupfio sulphatOi 
zinc and lead nitrate, iron ani^ cupric sulphate, 
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and other combhmtions, showed in every case, 
when the solutions were sufficiently .diluted, that 
this 2-3 law holds good. Expressed algebraic- 
ally, if y be the mass of metal dissolved, and x 
the concentration of me solution, then the above 

2-8 law is where is a constant. 

These elperiments have been repeated and ex- 
tendedeby Langley (C.cL 45, G63), who con<‘ 
firms th* truth of Gladstone’s law;tbut when 
the method of expexhuenting is modified, al by* 
continually moving the metal about in the so- 
lution or by brushii^g its surface so as to keep 
^the solution uniform- throughouf, Langley con- 
siders that the ral^ of action is proportional 
solely to the amount of salt in solution. More- 
over, Langley’s, e:s^icriinents indicate that the 
law observed by Gladstone and "ribe arises 
from two causes, viz., chemical f\ction, and 
gravitative action, the latter producing slow 
currents through the 'solution beestase of the 
changing densities of the original salts and of 
those which are produced in change. 

In studying the rate of evolution of carbon 
dioxide from marble by the action of ^cids, 
Bojuski and Kajander {B. 10, 31) found that 
"‘“ii'fc rate of action is proportional to the concen- 
tration of the acid, but varies according to 
the nature of the acid employed ; moreover, they# 
concluded that, for the three acids HCI, TTBr, 
and HNOa, the speed of the action is inversely 
proportional to the molecular weights of the 
acids 'ivlien the solutions are of equal degrees 
of concentration. I’awKjwski {B. 13, 334) lujs 
continued these experimemts, employing diller- 
ent carbonates (BaCOy, CaCO;„ SrCO;,) with tlio 
same acid ; although his results are not very 
regular, yet he considers them sufficient to show 
that the speed of the reaction is inversely pro- 
portional, not to the molecular weights of the 
carbonates, but to the«at(.vnic W(.‘igbts of the 
metals wliose carbonates w;'re eiiiployed. 

Of a somewhat similar natura to the experi- 
ments of Glacfstone and Tribe is the work of 
Thorpe (C. J. 41, 287) the behaviour of zinc, 
magne^nn, and iron, as reducing agents, with 
acidulated solutions of ferric sulpbate. Ji;iown 
weights of these throe metals in the hum of 
thin foil were introduced into acidified solutions 
of ferric sulphate, and the amount of reduction 
effected —part of tlie liberated liydrogcn coming 
off as gas— under varying conditions of fbmpe- 
rature, amount of free acid,^ and strength of 
the ferric solution, was determined. The re- 
H^its obtJlincd showed that the ^^duMon effec- 
ted when a give# mass of zinc dissolves in an 
acidified solution of ferric suli^liate increases 
with increase of temperature, otlicr conditions 
being the same. Providecha vifficicncy of acid 
to dissolve the zinc bo present, the maximum 
reducing action is obtained by concentrating 
the ferric sulphate solution, and diminisl^ng the 
Mttount of free acid. ' 

When magi^siurajs employed the *eductioi^ 
effected is scarcely one-foyrth of that for zinc, 
while the time required f(|’ solution is compara- 
tively very sjfort ; by dimiuisliiYig the quantity 
of free acid the amount of reductfon effected is 
increased. •The diminution in the rate of solu- 
tion with a deerfaso in the quantity of free acid 


\|a8 found Go be much greater in the case* 
%iigne8iuir than in that of zinc; with zino 
tte rates rwere approximately in the© ratios 
1:1*5: 2, aild, under like conditions w^h magne- 
si im^ the r^es were as^l ; 6 : 36. When the ferric 
sulphate is reduced by iron, the rate of solution 
be .comes extremely slow, and the reducing action 
appears to decrease wijh increase of tempera- 
ture. These reduction-^j^eriments, considered 
as a whole, seemP.o be in harmony with the 
the view that the reducin^r aoiLion of soroalled 
nascent hydrogen is connected with the existence 
of atoms, as distinguished from molecules of 
this gas : and that ^y conditions which tend 
to prevent the ^hutual combinalion a6 these 
atoms tend also to increase the aAiount of 
reduction effected by the hydrogen. « 

When phosphorus oxychloride acts upon 
certain nitrates, it has been fouhd that the 
ratio between the chlorine and phosphoric 
pontoxide in ^ the residue obtained after all 
action has ceased has a certain definite value. 
Mills {l\M. [4] 40, 134, and 44, 506), who has 
Studied this reaction for several nitrates, has 
■ designated these ratios Ijy the symbol a, or 

weight of Chlorine 

* ci‘ 

rather he has taken a as= - — r-i-r e-Tv;v- 
weight of P.O^ 

P,0. 

= - - 4-OG. When one nitrate fixe,? 

• w(!ight of P.O5 

more chlorine, per unit of PoO,,, than another 
nitrate, Mill says that the affinity of file former 
is greater than that of the latter ’tiitrato; inas- 
! much as tliis chlorine%fixlxig action can bo 
measured for several nitrates, the values of o, 

I on still’s view, represent the ‘ elective attractions ’ 
of the nitrates. / 

If o be divided tl^'i formula-weights, 2, of 
the several nitrates, calculated to a uniform 
mass of MOa, the following numbers (under q) 
are obtained : — 


# 

a 

%- 

2 

Q 

Thallous nitrate 


8-78 

2(i5-30 

‘ 30*29 

Silver „ 


5-48 

>o9-94 

31*01 

Lead „ 

• 

5*17 

165*56 

32-02 

Bubidium „ 


2-38 

147*10 

61-93 

tlfcsium „ 


2-21 

195-01 f 

88-24 

Potassium „ 

• 

1*99* 1 

101*14 

50-82 

Sodium „ 

• 

1*70 

8C-05 

60-03 

Lithium 

• 

1-60 

69*00 

42-86 


These numbers show that the affinity-co- 
efficients are directly proportional to the formula- 
weights of Jthe nitrates, and that (with one 
cxceptiofi) o and 2 increase and dimmish in 
regular ord^r. The quotients, Q, thereiorei re- 
presentithe masses of nitrates which correspond 
with what Mill calls a ‘unit of elective attrac- 
tion.* ^ «• • 

• Ckemical Systems of limited action^ 
When a chemi^l inaction is expressed sym- 
bolically either as A + on =» ao -h bd or a' b' » o', 
it is usually understood that for the complete 
decimpoa^tion of the mass ab all that is neces- 
sary is.t© bring it intq suitable contact with the 
definite mass of second body on, ox ^at the 
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presented to b. under propet condi* 
witU it to form o^. iV many 
jhegubaL^anges thidds true, at least wi^jn the 
ox^exnerimental error, and if MiHcicnt 
bO-g^ven ; and it may^bo ^aid tljt many 
processes of qaantitative chemical ana^ses afe 
}^d (m_ tbis assumption. Ther^ are, however, 
many instances known in which the statement 
loes not hold good. For^xiftnple, if mol. weights 
>t ethylio allohol aad acetic lAcid are mixed 
ind hea^pd for sometime, say at 100°, only 
)>bout 66 p.c. of the total action possible takes 
place, no matter how long tlie operation is 
allowed to continue ; or agaif^ if mol. weights of 
iodine an4 hydr^en are heatedftat 440° on a 
closed vess(S, even after an indefinitely long 
period of time ^here. will still exist a certain 
Fraction of these elements uncombined. Tli^ 
limitation of t^se and many other similar 
changes appears to be due to the fact that tlie 
products of the first action tend, under the con- 
iiiions of the expferimen^ to re-form Hie original 
substances, and the twc^eactions proceed simul- 
taneously with different degrees of intensity, 
Jepending i^on the ?na^es of material, until a 
stage is reacihed at whicTi a state of equilibrium 
fk attained, first action at this stage being 
balanced by the second. The mutual action of 
silcohol and acetic acid would thus be repre- 
sented by the equatior#, 

(1) CH,CO,H -e CJH,OH = C1I,C0..C,H, ^ H,0, 

(2) CH,CO AHs + H,0 = CIIaCO.H ^ G,lI,Olt 

The theory of such limited actions was for- 
mulated by*Cluldherg and Waago, in 1867 
{^i!ttcdes sur les cUbniqiics) and applied 

by them to the t^3termiil^ion of the ‘ coefficients 
>f affinity’ for several re.' ;ti'>na. These 
shemists concluded from the results of their 
jxperiments that in a system undergoing change 
;he amount 04 action in a unit^of timo between 
:wo or more active bodies— in other wor’ s the 
rate of the change— is proportional to the 
product of the active masses. This same as- 
mmption wa# made by Berthelot in 1^12, based 
m the results of his etherification cxperimei^s ; 
ind in 18Q6 Harcouit and Esson sliowed tnat 
!or certain chemical systems the rate of change 
.8 proportional the product of the active 
masses of the changing bodies. In the above 
statements the ‘active masses’ of the various 
bodies means the number of equivalents of each 
present in the reacting system. There are in- 
stances, howeveH in which bodies introduced 
into a chemical system either accelerate or 
'etard the reaction without themselves under- 
going change {v. jpsU p.-714). Guldbeig and 
^Vaage assume that, in the reaction a + u ^ a' -i n', 
f the masses of a and b be p and q, llieii the 
Force tending to produce the change vaifcs the 
produeP pq, whatever may be the kinds of mat- 
ier ; for two naiti«i1ar substances thi^ forte is 
squal to 1^, where k is the ‘coefficient of 
kfflnity ’ depending upcgi 4he kinds of matter, 
md probably upon the conditions of the experi- 
nent (v, emU and also Affinity, pp. 70»75). 
L'his, however, is not the onl^ force acting; thefe 
uro others of a secondary cha9^ter tendingato 
'etard or accelerate the formation of a’ and b’. 
Fileglecting these secondary forces for tko prv 
lent, let tBe masses of a' and b' be y and q'. 
md the qpeffioient of affimty ]br the reverse> 
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action a' -i- b’ a -f- b be ic', then the for ce tending 
1 1 re-form a and b equals •s'pYl \^en equili- 

1 rium is attaine'd these two forces are ^ual, or 

* 5q*»Kyq', so that if the four quantities 

2 determined experimentally, the ratio 

• of the coefficients of affinity may be found, 

* • 

1 xpreBS(^ in another way, ijf p,q,p',q’, be the* 
1 nnber o^equivalents of the four substanc^ in 
theOiystem at the beginning of the reactionyand 
if X be the npmber ol eqaivalonts of p yad Q 
trifiisfori^cd into p' and q' when equilibrium is 
readied, or no f urtliei’ di.ingo talies plfcco in the 
system, all expressed in terms of unit volume, 
then jp«p— a*, •q=-Q--iC,' J)'^v' + x, and 
\ x; in|erting these vituAs, the equation 
becomes k{v ~x){q- a-) = •+ x){ii' + x). 

Such is the simplest represtyitation of the 
theory of limited actions. The'iuesence, liow- 
ever, otextnineoiis salts, or even the secomhiry 
actions among the four bodies themselves, 

I doubtless materially influence the ultimate limit 
when a state of equilibrium is reached. For 
iifttaiice, if a body x be introduced into the sys- 
tem, Guldborg and Waage asBiime that the force 
jiroducec^by the action between x and a, and 
influencing the change between a and ]», is propor- 
tional to the product of x and a, or is equal to~" 
rzAX, and they term a the ' coefficient of action.’ 
Assuming that there are coefficients of action be- 
tweltu all the four bodies- tliesocoolficicnts being 
(», 6, c, and d, for a and a', a and n, n and a', and 
B and b', respectively, and a\ h\ c\ d’, for a' and 
a, b and A, a' an 1 n, and d' and b, respectivj^ — 
then^tho total force for l^io reaction betwceiii 
A BU^ B will be equal to 

Kpq -I- app' + 6^)q' ] cqj/ 4 t/qq', 
and that between Ca' and b' will ho equal la 
K'p'q* -f- a'p'p + b'pq' + c'p'q 4- d'q'q. 

But that thrr<. m.ty be equilihrimn these forces 
must he C'juiil. V'ritinga — a' a, 6' = ^, Ac., 
the equation of eqiiilihyuii^hecoiijos 

^ npq = Kyq' + gyq/ -\^pq' -| qy/ + ^q. 

If it is d.csirr d to, study the rate which the 
reaction progresses, tlien this rate is assurae^^' 
to he measured by the difference between tha 
two forces or a 

dt ~ ~ ~ 

’Owing to their com])licated character, these 
equations Tor the limit or tlie rate of a chemical 
change ar*^ of little value from an experimental 
point of Hlew ; it woiiid seem HCiueely possible 
to determine the mfrnorous secondary forces 
Guldberg ai^ Waage j.jtroduce into their for- 
multc. In ^h « case as the action between 
barium sulphate and potassium ^carbonate the 
secondary actions lo be taken into account are 
between BaSO^ and BaCOa, BaS 04 and K^SO,, 
K,CO., and BaCOa^HO, and K^SO^, and be- 
tween the water ana each of the four salts. Foi 
a full discussion of this theory in its simple! 
form appRcd to^ experimental results see Guld- 
berg and JVaag^, J. pr, [2] 19, 69 (v. alsc 
AfAnity, p. 75). ^ • • 

Berthelot and SaintAGilles [A. Ch. [3] 65 
385 ; 66, 1 ; 68, 22^ weij the first ^ make a 
complete study q|F the reactions botw%n carbon 
acids and alcohols, as regards the i^fluenca 
exerted by variations of temperature, pressuxe 

• • 8* 
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Amounts of material, and time. They found 
that these reactions are characterised by thn 
important features: (1) thecombfhation proceet 
slowly, with a velocity depending upon tl 
influences to which the system is submitter 
(2) the combination is never complete, howevi 
long the duration of contact ; (B) the proportioi* 
.of ethereal saltfomed under dilTorentconditionr 
alw^s tends towm'ds a limit. f 1 

•[f .ie inverse action limiting the foimatiop of 
the ^thereal salt, vit;. its decomposition by the 
water formed during the reaction,*’ was found to 
be much kss rapid than the combination. In 
other words, if two systems are employed — one 
consisting of eth^lic,alcohol a^d acetic acid, the 
other of ethyl^ ^acetate and water -all in 
equivalent proportion.^, the first bf these will 
attain the limit of equilibrium more quickly 
than the Bec*n4under like conditions. Berthelot 
(il. Ch, [3] 66, 113) concluded that in the forma- 
tion of the ethereal salts ‘ thet quantities of 
acid and alcohol that combine at each instant 
are proportional to' the product Ci the reacting 
masses.* He gave the formula for expressing 

the rate of formation as 1- for 

at \ ^ i ' 

equivalent quantities of alcohol and acid, where 
ia the limit, which for acetic acid is = 66*5. 
According to the theory of mass-action, the 
rates of formation of ethereal salts, as well as 
the magnitude of the limits, ought to be ‘in- 
creased by an increase in either the amount of 
alcohol or of acid. As regards the ultimate 
limits, this was found to bo true by Berthelot 
and Baint-Gilles, but for the speed of etherifica- 
tion they found that with n e(iuivalents of alcohol 
and one of acid there was (at least for part of 
the course) little or no increase over that for 
equivalent quantities ; in fact, a diminution in 
tlie rate was observed. On the other hand, with 
n equivalents of acid and one of alcohol the 
rate of ethcrificatio^ was greatly accelerated. 
The following two tables illustrate these 
points {A. Ch. [3] 66, UO, 98f 

V- ‘ 

l‘eq. acetic acid + eq. alcohol. Temp. 100°. 


1 4q. alcohol + n cq. acid. T' »«p. 100°. 


The variation produced in the limit, or 
maximum amount of thereat salt formed, by 
employ in^rexcess of one or other of the oon- 
Btituents is illustrated by the fbliowing tables 
iA.Ch,(:6] 68, 274, 286);— 



E+n eqs. alcohol, 
limit 

66*5 p.o. 
77-9 

82-8 . 
86 -& 

88-2 

9Q'.2 

92-0 

93*2 i 
95-(r 

neutral to 
litmus. 


n eqs. aon+1 eq. aIooIiM 
n limit • 
10 66-5 p.0. 

• -67 SA-9 

*50 # 41*4 
•36 80*6 


•83 
•25 
•18 
•08 
•05 ' 


29*3 

22-6 

171 

7*8 

60 



n=l, 

aciil = 10O, 
limit=l00 

« = 2, 
aoiii— 100, 
limits 100 

n= 

ac‘% 

liiiTit 

=5, 

= 100, 

^100 

4h. 

25*8 

38-8 

27'8 

33-8 

17-5 

19*3 

15 „ 

47*4 

71-3 

440 

53-2 

31*3 

34-5 

33 

60-6 

9ia 

72-2 

87'1 

72*2- 

79-4 



n= 

acid; 

limit 

= 1, 

= 100, 

= 100 

v = 
acid 
limit 

= 2, 

= 100, 

= 100 

n= 

acid= 

limit 

= 5, 

= 100, 

= 100 

4h. 

25*8 

38-8 

471 

54**9 

67'6 

69-4 

16 „ 

47*4 

71*3 

74-4 

86-7 

966 

100 

83,. 

60-6 

91*1 

79*2 

92-5 „ 

96G 

100 


The action of iv organic acids on alcohols has 
been jinvestigi^cd by Villiers (A. Ch. [g 21, 72); 
but in these processes socondfty rejiCnons that 
are liable to occur complicate matters somewhat. 
With a given alcohol, the speeds of etherification 
df the acids HI, HBr, HCl, and were 

found to be widely different. HI etherifies more 
quickly than HBr, and each more quickly than 
acetic acid; whereas HCl acts with extreme 
slowness, even much ifiore slowly than acetio 
acid. H.SO, etherifies almost immediately 
under ordinary ' conditions but the speed i.s 
diminished by dilution, ds well as oj lowering 
tho temperature. The ^^therificatio'A limits afe 
100° are different for the three hydracids, and 
arc greater than tho corresponding limits at 
lower temperatures. Th® limits also depend 
upon tlie proportion of water which exists in 
tho initial mixture, but while the limit diminisE^es 
in tho case of organic acids in a continuous 
manner as the water increases, witliout actually 
becoming nil^ tlie etherification by hydracids 
ceases completely with a certain dilution, and 
this limit of dilution is -idt fixed but rises rapidly 
as the temperature rises. With H.^SO^, the 
etherification is completely stopped with, a cer- 
tain proportion of water, but, contrary to what 
occurs with the nydi’acids, increasing the tem- 
perature to 100° does not cause the reaction to 
take place. From a consideration of the work 
of Berthelot and Saint-Gilles on the rate and 
conditions limiting the etherification of alcohols 
by organic acids, it would seem natural to con- 
clude that tho application of tho methods em- 
ployed by these chemists to various cases of 
isomerism among alcohols and' acids would yield 
important results relating to the structure of 
such bodies. For the purpose of discovering 
whether any relation exiski between the rate and 
limit of etherification and the isomeric structure 
of either of ihe two active bodies taking part in 
the reactionrMenschutkin [A. Ch. [6] 20, 289 ; 
23, 14 ; J.pr. [2] 24, 49 ; 25, 193) has made an 
elaborate study of the action of organic acids 
on alcohols. In order to render all the results 
comparaHe with each other it was necessary to 
assuiAe two standards for reference, ohe tho 
alcoljols and another for the, acids. MShylio 
alcoliol was chosen as the standard alcohol; 
and formic acid as the standard acid. -The two 
characteristics chosen for measurement were 
(1) the initial speed of etherification, or the 
amount of action that takes place in the first 
hoyr, and (2) thi2>fnal limit of the process; these 
Menschutkin terms the ‘ etherification-data.* 
For th^ ‘ methylic-acetic ’ system Menschutkin 
took the l^mit as equal to 100 ; tha¥ ia to say, 
out of 'equal nfunbd^s of molecules of methylio 
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al«>liol ftnd aoetio acid (in thft case 1|4) only 
100 moleoulea^ were converted into liethylio 
acetate ^wheii ‘the system reached % %ate of 
eqnllibrinmn of these lOa molecules, fo were 
formed daring the first how of action, J 

The following table contains the ‘ Aherifica- 
iion-data ’ for the primary alcoho]^ employed : — 


Alcohol » . • 

• • -K 

Speed 

Limit 

MethjUo, . 

80 

100 

EthyUc, CH,gH,OH . , 
Propylio, C^HjOELOII . . 

67*3 

95*6 

66*9 

96 

Butylio, 0,H%CH..OH . * . 

67*4 

96*6 

Octylic^^H,.C!(I,bH . . ■ 

► 67*0 



The influence of isomerism on etherification 
among the primary alcohols was investigated for 
the case of isob^tylic alcohol ; the data obtained 
were 

Isobutylic, CaH^jCHjOH, speed = 64*6 limit = 96*6. 
These numbers show tk2lt the limit is^inafTected, 
but that there is a small decrease in the speed. 
The unsaturated pyrnary alcouols showed less 
facility for forming ethfcrs, the reaction in their 
aase progrelsing muchlpss rapidly, as the follow- 
ing number® show : — '* 

speed limit 

Allylic alcohol, C.H^CH.OH, 61*9 85*3 
Propargylic alcoholtkl„HCH.,OIT, 29*5 ? 

Benzylic aloohof, C,n;cn,OH, 64 6 87*3 
*For the secondary alcohols, the phenols, and 
some other alcohols, the following etherification- 
data were obtained : — 


opei-d 

Limit 

38-2 

80-9 

32-5 

85-2 

24-3 

84-2 

27-2 

85-2 

20-2 

? 

3 PI 

? 

2 * 3 

75-1 

lfi -3 

72 

, 27-2 

? 

31-6 

? 

20 

.1-4 

3-7 

13-7 

1-4 

13-6 

? 

8-8 

61-7 

77-4 

f) 2-2 

6 ( 1-2 

34 

67-0 

29-6 

38 • 


Dimethyl oarbinol 
Mcthyethyl „ 

Diethyl „ 

Isopropylmetlwl „ 

Isobiitylethyl „ 

Hexylmethyl h 

Etliyl vinyl « 

Diellyl M 

Kthylphenyl • „ 

Diphenyl „ 

Phenol „ 

Paracrpsol* „ 

Thymol ^ 

a-Naphthol m 

Glycol M 

Glycerin „ 

Krythrite „ 

Mannite*' • „ 


(ClT,),Cir(.)H . 

(CJI.hCllUlI . 

(Oil, iron 

(CaH,)(C*n/#„>i:iioii 
(Oii,)(C,ii„)cnon 
(0,H,)(C,H,'>Cn01I. 
(0,K.),OHOH , 
<c,H.)(C.«,)CHorr. 
(CJI,),C1IU1I . 

C.ll.OIIvOTT . 

c,ri,on',c,n,.on 

0,JT,.01T 
CH,OH.CH,OH. 
(CHa()ii),ciJou 

exuon)* 
c.n.(on,. . 

m- 


Menschutkin 25, 193) has also determined 
the initial speeds and limits for different organic 
acids, employing one alcohol (isobutylic), and 
taking formic acid as the standard of reference. 
The following results were obtained : 


Acid 


/ lOrmTo Cn.O, ! i 7 

^ Acetic ObII^O, ^ • 

5 Propion' CjTl.u,. . . • 

tt' Butjfrlo 

2 Caproic • • 

Caprylio 0,Ii,.0a . . . • 

Hydrosorbio O.IL.O, . • . . 

Phenylaoetio C,H-0, . . . . 

Phenylpropionio C.H.oO, *. $, 

Dimethaoetlo OH(OH,).ro,H . 

Methethaoetio OH(CU,)(C,H,)CO,H 
Orotonlo O.Ha.OOaH .... 
Oinnamio OaH|(CaHc)COaH . . 

Trimethacfttlo O.H,aOa 
Dimethethaoetio OaHiflOa • f ai( 

BorbloOaSbOa • • • 


Speed 

A_ 


100 
» 71*9 
60 7 
6J*9 
63 fi 
50-0 
69 - 7 ‘ 
791 
66-2 
43*4 
80-3 
19*6 
iai7 
11 8 
’ 4-8 
12-9 


Limit 


100 

104-8 

b06-9 

108-2 

108-7 

no-3 

100-4 

115 

lW-1 

108-2 

rt48 

112-3 

IK^S 

im 

116*4 

iie-sr 


789 


Add 

Speed 

Limit 

lenzoic 0,H,0 

18*9 

118*9 

iitrobenzbio C,II,(NO,)0> 

40*1 

114*8 

?aratoluylIo G.H.O, 

10*7 

119* I 

lumluio C,*H,,0 

10*1 

118-1 


From the foregoing numbers Jt is seen that 
be rat^s of etherification of the secondary’ 
i^Ids areemuch less than those of the pr^ary 
acids, but that the limits show only slight l^ria- 
tions. The speeds of ethfrification of tl^ ter- 
tiftry acids are less than thosd of either the 
primary^or secondary acids, Iflit on* the other 
hand the limits are greater. For a full discus- 
sion of the valiife of ctln'ri[jiatioii-data as a 
means of -determining isc/hierism among 
alcohols ana acids see Menschutkin IJ, pr, 
[2] 26, 103 ; also Z. P. C. 1, 61lh 

The theory ^f limited cliomical feaotions has 
been formulated in a simple manner by Van 't 
Hoff (jB. 10, 060) for tho particular case of 
etherification, -but essontijiHy in the same 
irnriner as Guldberg and Waage have done in 
tjleir general treatment of this chemical pro 
blcm. If tlio systonf initially consists of one 
eijuivalc^t of acetic acid, k of alcohol, and q of 
water, then when the quantity e of ether has 
been formed, there wall still remain of acid 1 — ef 
of alcohol If — f , and of water q + € ; consequently 
the rate at which ether is still being formed is 
expressed by C,(l — e)(«-e), and the rate of do- 
eomposition of tno already formed ether by the 
water by C.^e (5' + f). When equilibrium is at- 
tained these ^.wo expressions must be eguji^or. 
C,(l,6) {K-f) = C.^€(7 + «). IJor equivalent quanti- 
ties -of acetic acid and cthylic alcohol, or k --1 
and 7-0, Bertholot and &t. Gillcs found the 

limit to be about 6fi*6 p.c., or t = Inserting 

these valors in tho equation, the ratio of the two 
constant 0, and is found; or 0, ^-40^. The 
equation now becomes ,4(i «f)(K -t) = €{7 + e) from 
which the maxinuim qj/ an lily of ether capable 
of being formed when various amounts of alco- 
hol or water are employed can bo calculated. F®r 
instance, if «= 00 , i.e. if thuialcohol is unlimited 
in amount, € = 1, that is, all tho acid is chiingcd 
into cth^'oal salt ; if 7 = 00 , i.e. if the water is un- 
limited m amount, ^ 0, or no ether is formed. 

These results arc merely the extreme cases of 
whatc.\perimcnts have proved to be true between 
thosj limits of k and 7 which have been tried. 

Formation of Art (anilide. — In a study of the 
formation of acetanilide, according to the equa- 
tion C^n^NII^ + C,H ,( = C„H,(C,H,())HN + H,(), 
Menschutl#? (Ji. .'or. ‘Jfi, 208) found that, auhougls 
in tho procc.'ses of etherification the final limit 
of tho reactir , attained after an indefinitely 
long interval of time is practically uninfluenced 
by change of tr-mi® .njure, in this example the 
limit is materially decreased as the tempera- 
ture increases. The following results show this 
decreaserf — 


Temf. 

Limit. 

?D0° 

86r05 p.o. 

1250 

83-11 

136® 

82*39 

145® ' 

81*2| 

155®* 

79*4 


Another remarkable fact was noticed in this 
, • 8«2 
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reaction, and one Trhich is apparently at yarianoe 
with most experiments relating^ to the action ( 
mass (see Berthelot’s etherification experiment \ 
ante). In any chemical system undergoing chang ^ 
comprising two or more active bodies, the ra 3 
of change is generally accelerated (v. p. 74- > 
by an increase m the amount of any of tl: i 
active bodies, and this increase in the rate j 
more or less proportional to the ijnkntity « 
acti^ substance added. But in the formation 
of a<^tanilido, with ir constant amount of acetic 
acid, an increase in the quantity of aniline Re- 
tards th® acti&n, accor^ng to Men^cliutkin, 
although the final limit is increased as the 
theory of masscction requires. The numbers 
under ‘ speed ’ ^liti'wing this fact represent the 
amount of action after 15 mins. ^ 


Molecules uniUiK^witli 
ouo mol. acid 

Speed 

Limit 

1 

31’71 

79-68 

2 

28-71 J 

91-65 

3 

23-45 

94-61 

4 

— 

96-17 

8 

17-13 

97-22 




However, when the aniline remains constant 


uv-^,andthe acetic acid is increased, the law of mass- 
action appears in the normal way (t\ also Af- 

PINITT, p. 86). 


Moleonlcs acid with 
one mol. aniline 

Speed 

Limit ' 


34-71 

79-08 

2 

. 67-30 

96-88 

4 

78-08 

99-80* 


Division of a base betiSeert, two acids. 

When a mixture of two acids acts on a base, 
or two bases act on one acid, the two acids in the 
first case being more than suflicient to combine 
with the base, or the two bases in the second 
case with the single ac^d, it *is usually granted 
that the bas« divides itself between the two acids 
or the acid between the two bases in definite 
ratios. Or if an ac^ acts upon a salt in solu- 
tion, £'s nitric acid on potassic sulphate, a defi- 
nite amount of change takes place re'^iltiiig in 
this instance in the formation of potassic nitrate 
and sulphuric aeid. If the ratios in which such 
divisions occur were known they might ailord 
measures of the relative allmities of the acting 
bodies for the particular conditions of thO'experi- 
ments. Such ratios haveNaeen determined for 
a great^many acids by Ostwald, with most im- 
portant results. (For an accoi%-'t oithis work 


act upd^ a single base, or 01 two oases oh h 
single add, the ratio in which the base divides 
itself blt^een the two acids, or the aci^ between 
the twcrbases, depei^s upon the relative quanti- 
ties or losses of thwmatorials in the system, as 
well as upon the strength of the affinities acting 
between the sgvcral bodies. In like manner, if 
a pptant. is added to a solution, containing two 
or more salts of diueji^iit metals^ the mass of 
the pptant. beiilg* less thah is required for com- 
plete ppn. of all the salt^lnHhe solution (being, 

say, 1th of the to^^l necessary) then the ratios 

of tin quantities of the salts diecom^iSed^or of 
the hydrates, carbonates, &c. formed — depends 
on (i) the relative masses of the substances in 
golution, (ii) the relative affinities of the salts 
or the basic powers of the oxides with reference 
to the pptant., and also (iii) on the fraction of the 
total material that is ppd. 

This highly interesti'?jg subject of fractional 
ppn. has been as yet investigated but to a very 
Blight extent ; ihwould, however, seem to promise 
in the future a fertile fieJd fbr the datennination 
of what might be called the reCntive basiq 
powers of different oxidlis or hydrates. If, for 
example, a solution contains two salts of different 
metals, the basic powers of whose oxides are 
different, and if a small fraction i^ppd. (say as 
hydrate), there will be a tendency on the part 
of the less basic material to accumulate in the 
pp. in preference to the more basic, and this 
tendency will be greater as the difference between 
the basic powers is greater. I^ the basic powers 
differ but slightly, thci\,.tl .2 increase in the ratio 
of the less to the more basic material will 
progress very slowly by repeated application of 
the process of fractional ppn. If in the extreme 
case no such diffq^enco exists under the condi- 
tions of the experim??nt as regards temperature 
and quality of the pptant. (the ratio of the basic 
powers may and probably docs vary ’with tlie 
temperatut^'), then the ratio of the f.vo materials 
in ^le small pp. will bo the same as that in the 
original solution, and consequently, however 
frequently the process may be repeated on each 
fraction formed, no separation Vill be effected. 

At the present time there are a number of 
elements known belonging to the earths, for 
'the separation of which the only irftthod that 
has yet been discovered ^s that of fractional 
ppn., or fractional fusion ; in ‘tooth cases the 
separation depends on the differences of the 
basic power^' of the various bodies. Such, 
for instance, is the separation of the three 
elements, samarium, didymium, and lanthanum, 


V. Affinity.) ^ 

Paltiaon Muir (C. J. 33, 27; 35, 311; 36, GO) 
as studied the conditions affecting the equili- 
rium of certain chemicah-syktems wherein pps. 
are formed, with the view of' determining the 
relationship between the concentrations of the 
^lutions, the ratios between the^activfc bodies, 
^*d the influence of heat on the equilibrium 
ratios. An investigation some\/hat similar \o 
this was conducted by M’jrris (A, 213, 233). 

Frq^Honal J^'recipitation. 

It has^ feien shown {ante; an\i v. Affinity) 
that if a mixture of two acids is allowed to 


from each other; or holmium, thulium, and 
crbiuiq ; di again terbium from yttriuiq,. These 
separations are so extremely tedious, requiring 
the applicHlion of fractional p^n. to repeated 
a very great number of times with but r^fiJatively 
infinitesimal yields <£. finally pure material, 
that it' is evident that the differences in basic 
powert' must be extremely small, more particu- 
larly in the cases of^ sam^ria didymia, yttria- 
tcrliihi, and holdila-thulia. This process for 
effecting the separation of these earths is 
rendered all the more uncertain and difficult 
owing to the want of ^acts drawn from the study 
of fractional ppn. of other bodies beai^ng upon 
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in» 06*011 oonoutions under wMoh theiproceBB 
should be conducted (v. Eabtbb). I 

OhiJipd^i (A, Suppl, 4, 226; J, iSG6. 12) 
hiia invefitigeted the subjMt of fracti^al ppn. 
for the case of magnesium wid calcium Alorides 
by phosphoric acid. This chemist Anploy^ 
solutions containing the two s^ts in varied 
proportionc; to these solutions ho added a 
constant nuqntity of phnipnorlo acid insuhicient 
for complet?ppn., then amnfihia was added, 
and he fletermined 24e amounts of calcic and 
magnesio oxides in the pps. The composition 
of the pps. was found to xary with the ratio 
of the amounts of calcic ana magncsic chlorides 
in the scitUionsjlbut to be neai^ indepeudont 
of the quantity of water used for dilution. By 
increasing the amount of calcic chloride in ttio 
solution, the magnesio chloride remaining coi^- 
stant, it was f#und that the lime passed into 
the pp. in greater quantity, while the amount 
of magnesia decreased; with the calcium salt 
constant, the magnesiq^hloride being increased, 
the reverse occurred, but to a less marked 
degree. Those variations t{s;3k place in a 
regular maaner as fhentiomposition of the solu- 
tions varied. 

Mills, irk conjunctic^i with others (P. Jlf. [5] 
13, 169, 177; and Pr. 29. 181), has studied 
the fractional ppn., by means of sodium hydrate 
or carbonate, of selfcral sulphates, taken in 
pairs under varytng conditions of mass, with 
thfe view of determining the relative facility 
with which one sulphate is decomposed in 
presence of tinothcr when an insufiicicncy of a 
pptant. is addedeto the solution. 

In one set of explripients in which nickel 
and manganese sulphates w. le r-mployed, the 
following numbers were obtained; each solu- 
tion contained 1 gram of material made up to 
100 C.C., anA 10 c.c. of a R/jlutiou of Na^COj 
(*6716 gram Na.^COg) were added: — 


*NlSO. ' 

MnS 04 

• 

NISO. 

ppd. 

MnSO. 
ppd. * 

Temp. C.° 

*1 grm. 

•9 grm. 

•0953 

•5850 

12?) 

•2 

*8 

•1852 

•4616 

13-6 

•3 

•7 • 

•2709 

•3766 

12-5 

-4 

•6 

•3588 

•2976 

13 

•6 

•6 

•4305 

•2450 

13-6 

•6 

••4 

•4788 

•1536 

12*8 • 

•7 

•3 

•4991 

•1089 

17 

•8 

-2 • 

•5584 

•0722 

17 

*9 

•1 

•5841 

•0363 

152 


From these numbers it is seen that the ratio 
of the quantities of material ppd. varies con- 
tinuous)^, and in the same manner ^ the ratio 
of th% amounts of salts employed ; witlf equal 
masses of |he ti^o sulphates in solution tfcc pp. 
contain# much more nickel than manganese; 
hence it is at once infcriifd that the basic power 
of manganous hydrate or oxide is greater than 
that of nickel, since the less basic a nmterial 
the greater its tendency ito be affected by •the 
pptant. * •• • 

Extending these experiments performed in a 
similar manner to mixtures of nickel aad coj^^lt 
sulphates, but employing sodio hydrate instead 
of oarlx:(pate, it was found thenr these two salts 


have almost equ^l degrees of preoipitability ; that 
to say, if the t^wo salts exist in the solution in 
e ual amounts they will accumulate in the pp. 
i about equal quantities; or, with varying 
Q lantities of material, the ratio of the amounts 
f the two salts ppd. will be approximately 
< lual to the ratia initially in the solution ; in 
t ;hor words, the basic power! of the two salts . 
fl -e abo lit equal. (For the thteory of fractional 
pp#n. see Hood, P. M. 

licHtiction of Oxides, 

The Conditions that alYcct «the reduction of 
metallic oxides by hydrogen, carbon monoxide, 
and carbon, have icon exaimno^ by Wright and 
Luff (C. J. ^3, 1, 509 ; 35, ; 37, 757), the 

type of the reactions being represented by the 
C(xiiation a + nc An + c. The results have 
important pra#,ical bearings o'f »)ctallurgical 
operations. The temperature at wliich reduc- 
tion commonefs is a function of (1) the physical 
conditions of the bodies experimented with, 
(2) and the clrcmical nature of the substances. 
With CO as the reducing agent, the temperature 
at which action begms in the case of cupric 
oxide va^es from 60° to 140° according to the 
state of aggregation of the copper oxide; for 
ferric oxide tl\o temperature ranges between OO'Jg 
and 220°. Tlio reduction by CO of copper oxide, 
prepared by ppn.,is well marked at temperatures 
bclbw 100°, but at 100° it becomes very ener- 
getic. The initial action of H on copper oxide 
was found to take place at teini^eratures ranging 
between 85° nnd 172°, and on h rric oxide be- 
twe^ 195° and 205°. When carbon w«l*Hh- 
ployed as the reducing agciTi, tlie temperature of 
initial action varied not only with the physical 
I nature of the inctg.llic oxide, hut also with the 
I quality of the carbon ; the teiiii>eraturii limits for 
copi)or oxidt' w( lO 350° and 410°, and for ferric 
oxide 430° 10 450°. By comparing the tempera- 
tures of initial action for a given kind of me- 
taliic oxide, it was in^arffihly found that that 
reducing agcjit begins fo act at tlie lowest tem- 
perature which hlis the greatest he*t of combus- 
tion, so that the heat disturbance during tts 
action has (algobraically)^tho groatesl value. 
Tims H always begins to act at a lower tempera- 
ture thn% carbon, and CO at a lower temperature 
than H,a3 the following table s1m)ws for different 
sxjccimens of metallic oxides : — 


• 

1 CO 

6 

H 

Sugar ^ 

0 ‘ 

C from 
CO 

Cupric oa4e a } 

' 60' 

85° 

390° « 

350° 


125 

175^ 

430 

350 

« c .1 

‘ M6 

172® 

440 

430 

Cuprous oxide .! 

' IJO 

155 

390 

346 

Ferric oxide a J 

202 1 

260 

450 

430 

B..I 

^JO j 

195 

450 

— 

„ c . 

220 

215 

450 

430 


Comparing cupric and ferric oxides prepassd 
by analogous# processes, •and ^lierefore pre- 
sumably in much th^ same physical state, it 
was uniformly found Oiat tlio temi)crature of 
initial action of fPgiveir reducing aj^nt is lower 
on oxide of cof per than on oxide o£#ron, as the 
following numbers show : — 



748 OHEMIOAJi OHAf&E. 



CO 

i 

Bagar 

Ofrdnv 

00 

Oxides 

pared by preX ^ 
oipitation . } 

■‘ISi 

heating! Irdh < 

safte . . J ^ 
« 

60® 

90 

125 

202 

220 

86 ® 

195 

^76 

200 

245 

390° 

450 

430 

45a 

450 

360' 

430 

390 

430 

439^ 

i 


The cxtenqjon of j;hcBe experiments to th3 oxides 
of nickel, cobalt, lead, manganese, ferrous and 


ferroso'ferrio oxjJe^ resulted in the following 
conclusions, amo^others. Differences in physical 
Btate^are attendca ^ith correlative differences in 
the temperatures at which the actions of the re- 
ducing agent| CiP, H, and 0, are f^ st manifested. 
For the several oxides of the same metal the tem- 
perature of the initial action of a 9’ven reducing 
agent is sensibly the same unless the differences 
in physical structure are very nCirked. In no 
case was any exception found to the rule thi^^ 
the temperature of initial ijction of CO is lower 
than that of H, and that of II lower than that 
of C, on the same sample of metallii oxide. 
i*^,For a large number of cases the rule holds that 
me greater (algebraically) the heat production 
during the occurrence of a reaction the lower is 
the temperature at which this action is fifst 
manifested. ^ 

During the investigation of the rates of 
action of CO and 11, it was noticed that in many 
inedow^fcs ‘ chemical induction ’ manifested 
itself ; i.e, the reducif.g action of the gas on'the 
metallic oxide at a given temperature was at 
first slight or nil (‘period of incubation’), but 
after a longer or shorter tfme the reduction 
commenced and proceeded at an increasing rate, 
until the retarding inllucnccs of the products of 
the action caused the rate of reduction to cease 
increasing, and subsefiuently to diminish. The 
‘period of incubation,’ when* measurable, was 
found to be sjiorter the higher the temperature. 

^ A similar ijhcnomenon has been observed by 
Bunsen hnd lioscoe Ki their investigation of the 
actioE^of light on a mixture of clilorino and 
hydrogen (i;. influence of light, po6/),^nd it is 
interesting to ;iote that in a heterogeneous 
system consisting of a solid oxide and a gas 
chemical induction should also manifest itself. 
The question naturally arises whether or not it 
is a gtneral plienomcnon accompany*'ng all 
chemical changes. 

Honjogeneous Unlimited Systems.— Consider- 
ing the simplest chemical syst'^n/ T.ndergoing 
change, that of af single body either decomposing, 
like ammonium nitrate when heated, or suffering 
ifolecular rearrangement, as ammonic cyanate 
into urea, it is evident tha/) lAiless the products 
interfere as retarding agents the amount of 
change in unit of time, that is to say the rate of 
change, will be proportional at any tinA to the 
affiount of active substance then cxistyjg. When, 
however, a system co*mprises twe^or more active 
members reacting on each other, such as an 
alcohol on an acid, or ^lydric peroxide on an 
acidulated ^lution of a soluble ^dide, the cir- 
cumstanc^sfero much more complicated. The 
general experiments on the rate of chemical 


change, khen not limitea oy mverso aetifn, 
prove tiilt in such complex systems the rate of 
change If any one of the members i« increased 
or dimiifj.^ed by an increase or dec^^ase in the 
quantit}^! any. of Jhe other consutuents, and 
is* more less proportional to such varia- 
tion. For example, if the system comprises 
A, A. (different bodies reacting one with 
the other), the rate rft^ich A* changes is in- 
creased or diminh;hed by \ silnilar valAation in any 
other member, as Af. Thi^tatemcnt obthis law 
of mass by Mills (P. M. [6] 1) in the words ‘ no 
matter what may be the masses of the substances 
reacting the entire ^ass of each takes part in 
the process,’ rei|uires to bo limi|od by t^e further 
statement that the law applies onl^ to homo- 
geneous systems in the sense in wj;iich these have 
b^en before defined. It could not be asserted for 
instance that the entire mass o^j the marble in 
Bojuski and Kajander’s experiments affects the 
rate of action of the acid, or that a hollow sphere 
of xinc disstrlvcs less rap^Jly in acid than a solid 
sphere of similar external dimensions. 

Berthclot in *1802 (.4. Ch.) showed that the 
rate of reaction of alco^l Svitli acgtic acid is 
proportional to the product of the4ifcwo active 
substances. Ilarcourt ai*d Fisson i^ 18G6 (Pr.‘ 
11, 470) established several formulte representing 
various experimental conditions based on the 
same hypothesis, but the rt.!-ction thgy employed 
for verification of the theory (permanganate on 
oxalic acid) proved to be of so complex « a 
character as to give but imperfect results. These 
chemists, however, were more succassful subse- 
quently (Pr. 15, 202) with the ^jcaction 
IIA + 2ni|=‘<HI,0 + I,. 

The theory of GuluDcrg and Waage relates 
more particularly to cases of limited action, but 
in its application to the study of the lAte oi 
change the introdiif tion of so manjt ‘ coefficients 
of action ’ {v. ante, p.*/37) renders the equatior 
of little practical use for such investigations 
(But V, article Affinity, p. 70). Except in tlt< 
theory of ^uldberg and Waage, thcC'infiuence o: 
the |>ro(lucts of the change either as acceleratinj 
or retarding agents is generally overlooked ir 
attempts to formulate chemical action ; but it ii 
easy to introduce thesa effects ifi'an equation h 
represent the rate of change of a complex system 
on the hypothesis that the rate is directly pro 
I)ortional to the product of all the active mem 
hers and is inversely propoltional to the amoun 
of chemically inactive bodies forined (u. BETAiiDi 
TION OF CHEMICAL CHANGE, p. 744). 

In a complex system, consisting of n memberi 
undergoing change, let the masses of the initic 
active bodies bo represented by an 

let the masses of these bodies that have becom 
changed o^ rendered chemically inactive up to 
time ^, be represented by a,,Ojj,aj...o. ; theft, a4 
cordijig to*this hypothesis, the Vate cj change < 
any member of the system, say A., is % 

Whtere p, and b, are d nstants, and A', A" ; 

are «the rctardatfofa or accelerating coeffioien 
of the products oi the action, the + or — si( 
bejjug taken according as these products all a 
as retarding or as a<)celerating agents.** Whi( 
oi these actions'was performed by any^pecifii 
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pilftduct o! the primary action could ae deter- 
mined experimentally, by introducing R known 
mass 0# the body idto the system, ^nd com- 
paring the fhte of the cha^e with that Observed 
when no more of the speonfed body wsjf preset 
than was formed during the primary reaction. 
Since A* is the member of the ^sy stem whose 
rate of change is the olyect of measurement, 
lot the amoiijjt that remans unchanged at time f, 
that is % — o*, be taken as y ; ffen —if the initial 

quantities of the fftWtr members be v,, v.,^ 

(quivalonts of a<,-a, =€,v,a^, a„ 

= “> = * l“«» “n = 

sorting these values in the above eijuation it 
becomes •* • • ^ 

_ - .,/ 2/ { ("i - 1 )a + y } I ("a - 1) A + 7/} .. .etc. 

dt ^ 

In this equation /u,' and n' are constants to be 
determined experimentally, a being the initial 
value of y ; fji' is proportional to the rate and is 
dependent on the temperature {v. influence of 
HEAT ON CHEMICAL CIUPOE, p. 741). 

Numerical examples of this equation for a 
system comprising the three bodies, ferrous 
chloride, l^drio chloiitte, and potassic chlorate, 
•have been given by Hood {1\ M. [5] 20, 414), but 
the solutions he employed were so dilute that 
the products of the action appeared to inllucnco 
the rate inappreciahW, consequently the term 
in the oqtftition,rel5ring to these effects was 
neglected, and the equation was taken as : 

*'i-1)a + 2/)(^(*'2~1)a + 7/) . (3) 

fo’' the system of throe bodies. 

It is possibfb to arrange the experimental 
conditions in such a ^aythut, neglecting the 
action of the products, th(3 course of the change 
may Jbe much simpler than is representeil by 
equation (2). This may be done, (1) by having 
all the active substances present iuvei y large 
excess over that one which is made the object 
(ff measurement, bO that they undergo but slight 
diryinution^e tween the beginning and the Ihiish 
of the change taking idacc in the boifj^ measured; 
or (2) by an raging the constituents so tha% one 
or more of them, although taking part in tho 
reaction, remai^is constai^t in amount, one con- 
stituent only diminishing in value. The equa- 
tion for the rate of change of one member in 
either ca^ would.be by (2) • 



Where Aj,A 2 ,...a„ are the masses of the chemically 
active constituents which remam constant or 
nearly so ; or integrating, 7/ = B6-“‘, a being equal 
to /4A„ 

Harcourt and Esson {T. 157, 117) proved 
the tru^ of this exponential formfila.for the 
acticRi between a soluble iodide and hydric 
peroxide. ^ The* fundamental change i% this 
case i# represented by + 2HI 2TL 0 + 1.^, 
By the simple devict^ c# adding a known con- 
stant amount of sodio thiosulphate to the active 
solution each time the liberated iodiift made 
its appearance, the^amoiftt oL hydric iodidefwas 
kept constant, while the •H^Oj alone idimi- 
nished. The successive additions of thiosulphate 
measurqfl the amount of change of tfie h^idric 
peroxide (or j/), and the ijiteri^s between each 
ui litioB, or rather the appearances* *oi free 


iodine, measure^ the times of action. From theii 
^periments relating to the influence of variationa 
If temperature, and variations i! the masses of 
lie acting substances, Harcourt and Esson con* 
fluded that ‘ whether the solution contains in 
I.C.C. 74(» millionths of a gram of hydric sulphate 
)r 150 times th^ quantity, ^04 millionths of a 
gram of KI or 9 times that quantity, or whether 
KCl or fixdric sodic carbonaWt bo substituted for 
\vliothcr the temperature be 0° qjr 50% 
and whether the portionsBof change require fox 
their accomi?lishmcnt intervals of one Jr two 
miniites, or intervals of half arkhour«r an hour, 
this reaction still conforms to tho law that the 
amount of chang^is at any mcinent proportional 
to the amount of changing syh^^ance.’ 

Harcourf and Esson {T. 150, 193) htvd Pre- 
viously employed the reaction between potassic 
permanganate#ftnd oxalic acid 5b r, investigating 
the laws according to which a chemical change 
progresses. Mthough this investigation was not 
quite successful in its primary object, it serves 
well to illusti-fte the anomafous results that may 
1.0 obtained by the interfering action of the pro- 
ducts formed in a redaction, or by extraneona 
salts. reaction under examination may be 

rcqiresented at its beginning and its conclusion by 
the two sides of the equation : > 

K,Mn.,0„ + 3n.,SO, f61l.C.,0, 

- K,SO’, + 2MnS6, + lOCO* + 8H.p. 

The reaction progresses with moderate rapidity 
•at tcmiperaturcs easily kept under control. By 
varying the mass of any one of the constituent** 
a corresponding variation occurs in the rate of 
oxidation. The inlluence of I1.^S04 is in. 

the,following table ; the reaction was allowed to 
go on in each case for four minutes, and waB 
then suddenly stej^^ped by the addition of KI, tho 
amount of change that had taken place being 
obtained b^ cst. mating the iodine liberated: — 


Molo- 

;^uU!3 

JJ 

Per cent, 
oliiuige in 

4 niiuj^ 

;M(»h-cules 

Ji'so, 

• 

Per cent. 

Chun go ia 

4 min. 

2 

21-8 

10 

• 71f> 

4 

30 


7T-4 

6 

51'1 

14 

82‘: 

s ^ 

63-5 

10 

85*7 



22 ^ 

92-3 


^^h(i principal secondary reaction in the oxida- 
tion of O.JI.p4 by K, Mn,0„ arises from the de- 
compeftitiou of K.,Mu.^Oa by the MnSO^ • 

‘ • ^K,Mn,()a-^^iMrlSO,^ 2H2O 
= K._.SO^ + 5j^H.,SO^ » 5,\Ii!0.,) ; this reaq^ion in- 
fluences ffie 7 -te of oxidation in a remarkaflle 
inann#. With tho materials ffi the proportions 
of IOln.j0a-lh*%S0^:5U.^C.p^, it was found that 
when no manganous sulphate was added only 
eight p.c. of qjieitfical change took place in 
4 mins., but by gradually increasing the mass of 
MnSO. tlie amount of change taking place in 
this imerva\^ot time increased, until it reached 
85 p.c. w^n SMnSO^ was^present. Furthei*in- 
creaso of the JlnSO^only snghtly^ltered the rate 
of oxidation. Harcourt and Esson likewise found 
tliat by varying ^le m|^ises of H.^SO^ and C2H2O4* 
the KjMn.Pf^and M11SO4 remaining constant, 
the percentage of chemical change^ a definito 
time (3 mins.) gradually increased tnl it reachad 
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and again increased on addition df more 
Experiments on the relation between the time of 
■continuanoe oi the action and its amount showedi 
that after a certain interval the course of tha 
change was represented by an hyperbola. The^ 
reason of this regularity only occurring after the 
aption had proceeded some ti^e was traced to 
the double changeSathat take place, first between 
the MnSO., and K.^Mn.P(,, and then befftveen tbef 
MnO^ produced and tlm Both changes 

are, hfwever, comparaiively slow ; 'but if either 
of them ocqjiirred very rapidly compared ^ith the 
other, in presence of equivalent quantities of 
materials, the whglo course of the change would 
doubtless bo represented by an hyperbola. 

Hood (P. M. f6j'6, 371 ; 8, 121) has studied 
the rate of oxidation of ferrous sulphate by 
potassic chlorate, and the iniluor^e exerted on 
the process by variations (i) in the amounts of 
acid used and (ii) in the temperature. The 
equation for equivalents being 

4 6FeS0, + K|i:i0a + 3H,S04 
= 3Fea(SO Js + KCl + 3II.p, it is evident that thg 
rate of change will bo tljo product of three 
factors. The acid being in largo excess and 
KC10,:6FeS0^ = »':l, the rate of change bty equa- 

^lis>n (3) is — fxmj{v - 1)a. + j/ where b equals 

at 

the amount of acid ; or log. 


(7l-l)A + y^ 

AiB(n-l)A(c~f) ; if, however, KC10a:GFeS0,= 1:1, 


28| 449), V , Affinity. 

Rbtabdation and Acckleration of Chemicai. 
GnANOBS|-*In the reaction that takesjplace when 
an alcol4} and an ^anic acid are^ mixed, the 
amount of changq id nmited by the inverse action 
that arises bctw:een the products of the change, 
ethereal salt adld water, which inverse action 
tends to the re-formatfon of the original alcohol 
and acid ; it is ^nsec(lleu|ly evidrfit that the 
rate at which the ethorifica^oli^ progres|^s is re- 
tarded by this inverse action. In like manner if 
BaS 04 is acted on by K^COj, the rate of the de- 
composition is retarded by the inverse action 
that Ojjicurs bct\^en the BaCOj ^d K which 
results in the formation of the original bodies. 

The same may be said as regj^rds the rate of 
all those reactions which are limited in extent by 
iif verse chemical cl ranges. 

There is, however, another kind of retarda- 
tion possible, not arising from any secondary 
chemical chfinges taking ];Uacc in the system, but 
of a purely physical origin. If in a homogeneous 
system undergoing change, such for instance as 
is represented by the ecmation a+^-ab, the 
chemically active bodies be considered to be in 
a state of continual motion, the rate of formation* 
of AB will be proportional to the number of im- 
pacts between the a’s and b’s in a unit of time. 
It is conceivable then tht^df the molecules ab 
are not removed from the sphcie of action their 
mere presence will hamper the movements of tb® 
remaining a’s and b’s, and by so doing will 
diminish the number of impacts between them 


** a series . time, that is to say, ^vill retard their 

. . • i rate of combination. Thjit retardation of a 

of determinations of y (c.c. of permanganate)' at j chemical change does arise by the addition of a 
indefinite intervals of time, the constants in ; cjuantity of one of the products has been sliown 


either of these equations (/xb a«,d c, and /an and a ) 
were found for different conditions of tempera- 
ture, amount of acid (b), &o.,and consequently a 
measure was obtained of the change^* produced 
in the rate of oxidajion^ by such variations. 
Hood found that for tl^s reaction both these 
formula hold good, and, as theofy indicates, the 
ratq of oxidation, within certain limits, is pro- 
portionaU to the amc^mt of free acid ; as the 
amount, of acid, however, becomes comi)aratively 
very great the oxidation progresses much more 
rapidly than the acid increases. Wh^n IICl 
replaces HjSO^, ^ order to })roduco tho same 
rate of oxidation the amounts must be as 3(r5 : BO. 

Ostwald {J. pr. 27, 1) has studied the interest- 
ing reaction K.CONH.^ + HG ^ R.CO.ON^ wuth 
reference to the accelerating influence acids have 
upon the rate of tho change. This reaction is a 
striking 'instance of so called ‘ prr<^ j.sposing ’ 
affinity, the reactipn being a very ?>iOW one when 
water alone is employed. (For details of tuia in- 
vestigation, V . the article ArriNiTY, p. 79.) 

^ Tho decomposition of the o.tliereal salts, e.g. 
methylic acetate, by w^ater, affords an example of 
chemical change somewhat analogous to that of 
tho acetamides. Tho difference betw’ccn the two 
caags is that in the former the watef, resolves the 
compound into two ethers, alcohol and acici, 
whereas in tho latter tho water isUssimilated to 
form a more complex confound. The presence 
of acids greatly accelerate the decomposition of 
the ethereal talts, as is the case yith the acet- 
amides; tht^/elations between speed of action and 


to be true in several instances; but wli(‘thor the 
effects are to be iniorpretod on a pl^vsical basis, 
as is done hero, or'on^'a chemical basis, cannot 
be decided with certainty until much more ex- 
lieriraental evidence has been obtained. Thfi 
study of th^ influence of chemica^y inactive 
bodies on systems undergoing change, that is to 
say bodies which probably do not tp,ke part 
chemically in tho reactions, foi ins a wide field 
for research ; and there is no dovht that tho re- 
sults obtained will have an important bearing on 
chemical science considered in its dynamical 
atpect. « 

An acceleration in the ^ate of a chemical 
change may be brought about byean increase in 
the amount of any one of the active constituents 
of tho system ;^(iuch an acceleration, as has been 
already shown, is easily explained by the law of 
mass-action, viz. that the total mass of each 
constituent takes part in the reaction. 

There instances, how’ever, somewlmt more 
difiicult’bf explanation, such as the inversian of 
cane sj^garf or tho deconiposiiion of methylic 
acetate, by acids, wherein the addi^ioj^ of an 
acid merely accoleratoa t^e change, the mass 
of the acid remaining the same at the finish as 
at the b:iginning of the reaction. The tendency 
to undergo change in Vi^cso instances is merely 
increjjjSed by the <i|)tesence of tho acid, and this 
tendency, measured by the speed of the change, 
is (^pendpnt on the character of the acid em- 
ployed {v. Qstwdd’s experiments defeiled in 
Affinity, p. 79). : ThS difficulties that ^ro here 
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tticbuntered would Bcem to bo similar to those 
that arise in the consideration of so-called * con- ' 
tact aotions * or catalysis. . • . . 

Guldbvrg and Waage in ^eir inves- 

tigation of the rate of prdwaction of l^rogcn by 
the mutual action of motail^And acids, found 
that the presence of salts in f^o acid solution 
exercised a remarkable influence on the speed, 
some salts acceloratigg, others retarding, the 
reaction ; the saltS theiriselfes remaining iin- 
alteredf Mills aifd Walton (Pr. 28, 208) observed 
an acceleration in the rate of formation of am- 
monia from potassic nitride and zinc amalgam 
by the addition of either KoSO, or Na.SO^, the 
increas^^f spe^ being practiiblly the same for i 
equal masses of the two sulphates. If a dilute 
acidulated soWition of ferrous sulphate is oxidised 
by potassic chlorate at the ordinary ternp^-a- 
ture, these t\»3 bodies being present in equiva- 
lent quantities, and the free acid (H.^SO,) being 
much in excess, the rate of the oxidation {v.^antc) 

is expressed by thf equation 

y((\ -!■<) = 6,*wher(^ t is time id minutes, and y is 
c.c. permanganate effuivalent to ferrous iron rc- 
• maiuing^at time t. ^ Since in these equations 

^ac 6'* (or the rate of change is inversely pro- 
at 

portional to 6), by performing two experiments 
under likfe con^itidfis of temperature, dilution, 
amount of acid, of iron, and of chlorate, except 
that to one of the solutions a known mass of if 
sulphate is added, it is easy to calculate the 
equations, *2/(i7> + ^) = b, for each of the systems ; 
and, by compfiring the two values for b, to get a 
measure of the retaMfcg act'on of the particular 
.sulphate employed. In oiiic-i words, the time 
required to oxidise the iron from y' to y" is pro- 
portional to b, and if this time for the blank 
experiment be taken &fb I'cO minutes, the value 

of (where b corresponds to the blank 

ajid b* t(uthe ^retarded experiment) gives the 
number of minutes required to perform the 
same amount of oxidation in the presivce of 
the adied sulphate. The annexed table con- 
tains the results obtained by Hood {P.M. [5J 1.1, 
419) in studying the retardation of various 
Bulpliales in the above manner ; the temperature 
being 2J,°C. in each experiment. •» 

qq^0 uomberS^ show that the reloidation 
occasioned the presence o£ u cheiuicnlly 
inactive salt in the system emp oyed is pro- 
portional to the mass of th of salt added, and 
that some salts of analogous cbanie.ier produce 
for equal masses the same retaiding ctfect. 
Thus the potassium, sodium, and ammonium 
sulphates each produce a retardation of about 10 
p A per gram, and the two alums about o p.c. 
per grain. T»)0 differences in the ^i'fccts of 
magMsSm and zinc sulphates are, however too 
groat to allow of ilifijr being classed together 
as analogous salts from a dynamicia point of 
view with reference to this particnl* case of 
retardation. 0 ^ , , , * 

Considering (lie alkiihi^sulphates the 

alums, it is clear that, since equal masses of the 
several members of each group ^odu^ the 
same effect, the retarda(ijon produced by a mole- 
oale ff one of the salts is proportional to its 
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mass ; ir otl '^r words, the gn'ater the mass of a 
molecnl.. Ihe more it retards the rale of the 
chrmionl change. 

Judging by these fiK'-ts. it would seem not 
improhnblo th«t cl^icinical bodies might he 
cla, r.ifieu on a*dynamical basis ^s regards their 
retardation-effects. With this aim. Hood JIf. 
[bj 20, 414) has conlii^icd those dipcriinents 
in rchition to soluble cbldrides, but thf anoma- 
lous Insults obtained do not justify the assump- 
tion Hartcd with. The results show that the 
sulphates of the alkali nn'tafs in tho oxidation 
of i. iTous chloride by KCK), produce an equal 
r< tarding effect, about 17 p.c. per gram, but that 
Mg}*0„ ZriSO^, and CdSO, (although usually 
classed together from a statical point of view) 
differ greatly in their retard ation-ejjects ; the 
results lirst two sulphates are in a>?out 
tho Ame ratio as in previotte experiments with 
ferr^s Bul;diato instead of ferrous clilorido. 
Kxperimeuts with ISIgSO^ showed that^ t^iese 
‘ retardation cdfeiridients ’ vary slightly in- 
crease of tcmiKiraturo. ^ 

An examination of the effects of chlorides on 
this^eaction shov cd stiikingly anomalous re- 
sults ; np fwo chlorides gave the same returda- 
►tion-effect. ipodic chlor'lle practically produced 
no effect oil tho sQRod of the oxidation, .while 
zinc, magnesium, ^d cadmium chlorides pro- 
duced an acceleralTon. It seems difficult to 
reconcile tfiese results with a tlic|»ry that should 
account for the action of a chedRcally inactive 
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eiU In a system undergoing ohang^ on the basis I 
f molecular interference with the movements ! 
f t^e changing constituents of the system. It 
lay be, however, that the presence of such 
xtraneouB bodies induces secondary reactions 
1 the system which occasion either an accolera- 
ion or a retardation of the principal change. 

•Influence of HKAX.—The study of the in- 
iuence exerted by heiftt on chemical chaij^s, as 
llastra^d by the phenomena of dissociation,* 
,nd by such phenomeai as occur when iihos- 
»horua*or sulphur are heated,, fordis an im-< 
>ortant lactoa in the vast problem of chdtnical 
.ction. Starting with the fundamental notions, 
hat heat is a fomu of energy^ and that all 
ixternal material^ Jihenomona comprise two 
actopr ^matter and motion, which it ft the aim 
)f chemistry, to investigate, with the molecular 
heory of the ccyi^itution of mattei|for a basis, 
t is evident that the relations between the 
letion of heat and chemical change \fill be most 
idvantageoiisly studied by examining in what way 
ihe rates and the liiiTits of chemical changes, 
iccurring in homogeneous systems, are affected 
by heat, and by detenniniing the influence 
exerted on such changes by extraneous bodies. 

What is already known regarding tlio in- 
[hj^pco of heat in bringing about chemical com- 
binations and decompositions would seem to 
indicate that such action is of a twofold cha- 
racter, more particularly in systems possessing! 
free mobility either in the gaseous or liquid 
states ; for, besides accelerating the motions of 
translation of the molecules of the system, and 
so lying the chances of collision in a 

given time, and consequently increasing tljo 
rate at which the change takes place, the action 
of heat also accelerates the riit^u of change by 
diminishing the stabilities of the reading mole- 
cules, and thus increasing their tendency to 
undergo change. Thus, representing the mole- 
cules of gaseous iodine and hydrogen respectively 
as I 2 and 112, arnoAnt ‘of HI produced in 
unit time at a given teiiipefaturc^ by the mutual 
action of an^jl Ig, will deiicnd if^ion the num- 
ber flf molecular collisions, the velocities of 
translatioif of the mole.fules (or the temperature 
of the f^is), as well as upon the facility with 
which the molecules become separated in^ 211 
and 21. It is eas/ to understand in this way 
why there are definite limits of temperature 
within which chemical changes take jdace ; and 
how some reactions which occur very rapidly 
at one tefiiperaturo may be iircventcd by frufli- 
oiently cooling the reacting bodies. 

Although as a general rule the action of heat 
is filch as to induce chemical com'.biifu^ion at 
moderately low tenf^icratures and decomposition 
at higher temperatures, instances are known of 
bodfes being more stable, unde^^ certain condi- 
tion^. at high, than at low tenFper{\jbures. Troost 
and ifeiiutefeuille (C. Jl. TU, 443 ; 84, 046) h..vo 
shown that by passing SiCl, over strongly heated 
silicon the latter is volatilised and is^gain*con- 
densfd on the cooler parts of the tnb% This 
apparent volatilitotion of silicon wall found to be 
brought about by the formafeon of llLCl^ at the 
higher temperature, and d^comf^sition of this 
compound inta^the original bodies ^t a lower 
temperature = 3SiCl^ + Si). The com- 

paratively complex body Si^Cl, is thus resolved 


by diminishing the temperature into the odhi* 
fcaratively simpler bodies SiCl^ and Si. 
r A somewhat analogous reaction is assei^ed to 
occur by Bitte with SeHa {G. B. 74, 991). This 
chemist sra that if j^i^ion is heated with hy- 
drogen in a*clo8e^^essel, the amount of SeH.^ 
formed increases^ith increase of temperature up 
to 520°, but that any further increase in the 
temperature is accompani^ bv a dec^se in the 
^amount of Sell., forfited. If two tubes^re heated 


under like circumstances urilll*the amc(ftnt of 
Sell., formed is constant, and one of them is then 
cooled rapidly while ^he other is allowed to 
return gradually to the lower temperature, Ditte 
says tb»t the sccciidtube contain Aess ^^.^than 
the first, and so much less as the cooling has 
been slower. On the other hand, SoHa submitted 
to tjic action of heat suffers sensible decomposi- 
tion even at 150° ; above 270° the amount of de- 
composition gradually decreases until it reaches a 
minimum at 520°, after which the decomposition 
continuously fticreases as tCkiperature rises. 

Chemical systems which are limited by reason 
of inverse actions nfay be represented *ln terms of 

their rates by the equations = /(0)4 /(Vb), and 
hi which the accelerating influ- 


ence of tenipe;*ature is expre^^^d oy the functions 
f{0) and/(0), and the absolure ra4e by the differ- 
ence, or ~ =/(0)\|/(AB)-/(0)tj/(cD). When equi-* 


librium is attained, or no further chtyige takes 
place, /(0)'|'(aV)-/(0)i//(cV) = 0 ; ^a', b', c', b', 
being the quantities of acti\Ti"ubstances that can 
exist together in stable equilibrium at tempera- 
ture 0°. If the temperature functions bo the 
same in both cases, then /(0) |4 '(a'b') — j(/(oV)| *- 0, 
or \|'{aV) = i|/(cV), or tjie limils are dependent 
of temperature. ThVs ^ould seem to be true 
between certain limits for the simpler etherifica- 
tion processes, as Berthelot and Saint-<3illes’ 
experiments J^ave shown. MenSchut^nn, howr 
ever, has examined certain limited reactions 
which ^show a marked variation in the. limits 
with temperature, and seem to indicate that the 
ratio of /(0) to f{0) is not^constantjfc- 

From a study of certain reactions which are 
not affected by limiting conditions, and of other 
rcaft,tions which are so limited, attempts have 
been made to determine the ftieelcrating action 
of heat, that is to say, to determin# the form of 
tho temperature-function /(0) in the equation 

I' = /(e)^(T.olc....). 


Hood (P. M. [5] 6, 371), from experiments on 
the rate of oxidation of ferrous sulphate solution 
by KClOa^ coflsidered that /(0)oc 0-, or thj(t ^e 
rate of oxidation varied as the second power*of 
tho tem^rature ; but tlje experiments were not 
sufficiently numerous to place this concision 
beyond doubt. • • 

Warder (Am. [3] 203) studied the influence 
of heat ofi the rate of the action 
C,H,X).C,H,0 + N^Ip =»NaC2ll30.2 + C^HsHO, 
in ‘dili#,e aqueous roliitions, the temperature 
limits being 3*6° and 87*7°. The results obtained 
agree# welnvith the' formula {7*5 + a) (62*6°^ i) - 
521‘4 ; t being*tem]j|3rat«re, and a the number of 
gram-equivalents per litre which would (atcord- 
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the t£eory of mass) react upon each other j 
per minute in a solution kept of normal strengthjJ 
The ;[om.ula could be written as a = A + Bt*, | 


In order* to ^ determine the ■ temperature 
function indjbiencing the rate of a chemica 
change, Hood (P. M, [6] 20, 823) has §gaii 


mdicating the rate to va^ nearly as ths square of studied the oxidation of ferrous sulphate solu- 
the temperature. MensclNto (J.pr.Aj 29, 437) tion by potassio chlorate. This reaction it 
employed three somewhat^Wlogoift reactions weU adapted for work of the kind, as it is com- 
for the study of this subject iVl) formation of pletely under control, and can bo rendered as quick 
ethylio acetate from acetic acid and ethylic or as slow, as may be derfred by altering such 
alcohol,!^ fomatioiy)r acetanilide from acotig conditions as dilution, temperature, amount of 
acid and hmline,%(3j^ forri«tion of acetamide < dree acid, <%. The progres^ of the oxidation can 


from aeetio acidvaijld ammoma. Molecular quan- also be followei 
titles of the materials were heated for one hour kmeans of p6rm j 
at different temperature^ and the amounts of Each expcrii 
ether, anilide, and acetamide formed were deter- gram of iron 
mined, opd tal^n as measures «f the speckjs. The grams of free j 
following are his results : — 250 c.c. To tlfl 


Temp. 

• 

Ether 

form^ 

Temp. 

A nil ill e 
formed 

Temp. 

Aco ta- 
in idi 
formed 

90* 

7*60 

82° 

6*08 

100° 

0 

102 

13*50 

!»Cf 

8*60 

ilo 

1*27 

112 

H)*02 

102 

14*59 

121 

4*41 

122 

2l*78 

;i2 

21*5x 

130 

9*02 

132 

*62*60 


30*71 

140 

21*36 

142 

*40*65 

132, 

39*91 

1.50 

36*06 

152 

•46*82 

142« 

47*65 

152 

40*66 

162 

62*99 

1.52 

65*49 

155 

50*90 

172 

67*45 


61-.57 

160 

58*07 

182*5 

60*99, 

ITl 

66*39 

Ifi 

72*33 

212*6 

63*98 

182*5 

68*87 

182*5 

78*31 

• 


212*5 

72*19 

212*5 

82*83 •' 


also be followed with ^e greatest prmsion by 
means of p6rm;^nganatc. • 

Each experimental solutign consisted of ’SCS? 
gram of iron as ferrous sulphate, and 3-099 
grams of free inademp to a volume of 

250 c.c. To tins solution lOx.c. of a solution of 


KCIO3 wA'e added, equal to -2057 gram. -(•being 
the oxidising equivalent of the ironj^F^_ ^cli 
a solution, i^intained at a con^t^jiit temperature, 
10 c.e. were withdrawn at indolinito intervals of 
time, and titrated by perinanganate, and from, 
^several such observations the constants in the 
equation ?/((•+ t) = b were Calculated ; y being c.c^ 
•of permanganate, and t being time in minutes. 

Since 6 is inver.-iely proportional to the rate 


These humbers all agree in tliis respect, that 


iS 4Sg S S*,S IS ss 

162 62*99 152 65*49 155 50*90 ing the values of b obtained from a scries of^,\- 

172 67*45 JL(^ 61*57 160 58*07 periments in wliieli everything remains the same 

182*5 60*99^ 1ti 66*39 l7^ 72*33 except the temperature, a measure is obtained 

212*6 63*98 182*5 68*87 182*5 78*31 |f the induence of heat on the rate of the oxida- 

- 212*5 72*19 212*5 82*83 • tion, and consequently a means of finding the 

— — — ________ probable nature of the temperature-function f{d). 

These Tmmbcrs all agree in this respect, that The follosying table contains the results of 
the dilTerence^in the amounts of action during food’s experiments ; the values for flWSiifrt) for 
one hour, for equdl iiffcrem.‘>s of temperature, equation y{a + t) = '6 being tlie means of 
gradually increase, pass through a maximum at several experiments 

a temperature, and then decrease. As j — 

regards the genpral inferences tliat might be ... ^ ^ b„ 

drawn frofti these expariftents reialive to the ^ ‘ ^ 

connection between action of heat and rate of 

• chang^ it must be remombored that the re- 10^^ 3:J()*8 ‘ 3327*8 

actions labour Ainjcr the disadvantage of being 11 ^01*6 " 3fi25 i-'io’o 

c&ses of ftily limited action, and^hat the pro- 12 274*7* 2752*9 1*098 

ducts of the change no doubt retard tho^prin- 13 * 250 2503 • 1*0T9 

cipal re’action, and tend to complicate matters. 14 227*5 2282*7 1*096 

Besides this.^ie method of allowing the change 15 200*6 V2055-7 Jl*110 

to proceed in each case •for the same interval of 16 194*3 ^20*8 T070 

“•time is objectionable, for at the liiglior tempera- i'7 174*2 1^3 1*109 

tures the amounts of the products formed bcl^uc 18 159 1^*4 1*098 

the expiration of^ne hour are so very much 10 147*1 1452*0 1*086 

greater than^the amounts formed at the lower 20' 134*4 1325*4 1*096 

temperature That their presence must exercise a 21 124 121 6*8 1*089 

considerable retarding iiilluenci^ on the further ^22 l]|l*9 1123 * 1*083 

progress of the reaction up to tlic time-limit. 23 102*6 1002*3 1*120 

Unlike some of the etherification processes 24 ^ . 9i*S 921*5 

the limits of formation of acetanilide and acet- ^3* 89*9 869 1*064* 

amide are influenced very conside^bly by heat, ♦ id 68*5 654*8 1*099 

as ^heWolli'wing numbers show • 30 58*7 651*2 1*090 

i i — 32 ,50 3 465*3 1*088' 

A#Btaii[lide , Acftami-rc * • 4 

T^p. 1 Limit Temp. 1 Limit . i .. 


T^p. 

Limit 

Temp. 

100 ° 

80*06 

125 ° 

126 

83*11 

140 

135 

82*39 * 

lg 5 

145 

81*22 

% 82*6 

155 

79*68 

212*6 

18^*6 

78*85 

I 

• t 

212*5 

77*76 


• 

t 

b 

3:J0*8 ■ 

3327*8 

^01*6 

' 31125 

274*7* 

2752*9 

’ 250 

2.503 • 

227*5 

2282*7 

200*6 

\2055*7 

194*3 

\920*8 

174*? 

l\l3 

159 

15\*4 

147*1 

1452*6 

134*4 

1325*4 

124 

12] 6*8 

11^*9 

1123 

102*6 

1002*3 

OiS 

921*5 

* 89*9 

869 

68*5 

6.54*8 

58*7 

651*2 

,50 3 

465*3 

• 

• 


Mean 


.FroD?.*tIie numbers rnder 


it appears! 


that this raljo has ^s nearly as possible a con- 
stant value, the mean of all the experiments 
being 1*093 : itT wouw seem, therefore, that for 
this reactioif at least the tempei4ture-function. 
has an exponential form, and tha^Cthe rate of 
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change ciay be written^ » -/«a* y\ 6 being the 

temperature. Calculating the rates of oxidation 
oil this assumption, or p * /i(l*093)*, xrhere p is 
rate and 6 temperature, and comparing them 
with the rates found by experiment from the 

values of h, or the rate at 10*0. being taken 
* 00 


as unity, the followinr numbers are ^taiiJed : — 


- 

Ted^. 0. 

Ratrof 

oxidation 

1 Galojtlated rate 

1 » of oxidation 

• 

10® 

100 


11 

-I'lO 

f 1*09 

12 

-r >-21 

t-19 


1’33 

f31 

14''- . 

1*46 

1-43 

16 

t 1*62 

1. 1-66 

16 

1-73 

1-70 

17 

1-92 

'1-86 

18 

211 

2-04 

19 

2’l29 

<*2-23 

20 

2-51 

2*43 

21 

2-73 " 

2C6 

22 

2-96 

2-91 c 

23 

3-32 

' 318 

24 

3*59 

3*47 

25 

3*83 

8‘80 

28 

6-08 

4-96 

80 

604 

6-92 ^ 

82 

7*16 

7-07 


IiWfi^it?ations of many reactions must be 
made before it can be determined how far it m'^y 
bo true in general that the rate of a chemical 
change increases in geometrical progression as 
the temperature varies nrithmet?:ally. Leriioino 
{fttvdes sur Us firiuilihres chimiq^ies, 178) has 
expressed the opinion that the temperature- 
function is of an cxi)onential form ; and this ho 
considers to be correlatijfe with the nature of the 
internal movements which conCtituto the tem- 
perature of a body. t 

IHfluence Light.— a survey of the prin- 
cipal factsrihat are knofvn relating to the influ- | 
ence of<» light on ;t4icmical changes, or in j 
producing such chan^'cs, would seem to indicate i 
the possibility of classifying these chfjmical 
changes into (1) sfeh as are only induced by the 
action of light, or light and heat combined, and 
(2) reactions which, taking place under ordinary 
conditions in darkness, are accelerated by, the 
action of light. To the first’ class of actions 
belong ^ar excellence the photographic processes 
{ofcmhiclf unfortunately so little i3,^fi(A.m), and 
«uoh reactions as U^e combination ot II \v*^j Cl, 
the dissociation of HI, or the reduction of ferric 
oxalate solution. From the experiments of 
Am^ it would seem thatsoipe jf these typical 
chants produced by light can only take p^acc 
above a certain limit of temperature, indicating 
that heat as well as light is necessary. the 
second class probably a great many, pot all, of 
the chemical clvinges’^hat have I’lcen studied 
with reference to their rates, limit^j&c., will bo 
found to belong when they nave been examined 
In this respect, but as yet i.ttle hr nothing has 
been done, ife an instance of the latter class of 
reactions mQ[^ be cited the oxidation of oxalic 
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acid by potassio permanganate, mroouri sot 
lesson (T. 156, 194) observed that the rate of this 
oxidation (which under ordinary oonditigna is 
moderatelv ^uick) is greatly ac'celerate^ in direct 
sunlight *, be amoum^ this acceleration was 
not,*howevir, detejimned. 

Hydriodic acm exposed to sunlight for one 
month at ordinAy tomneratures is decomposed 
to the extent of 80 p.c. : but when this gas is 
heated night and for the sam^^length of 
time at 265^ in a dark chan|2;>etf, scarcely 2 p.o« 
of the hydrogen is liberated. 

The analogy between the chemical effects of 
light and heat is ve^ striking : both agencies 
act in %pch a wa^i^s to break doli^n or #implify 
chemical structures, as well as to build up com- 
plex molecules from simpler constijjicnts. Many 
instances might be cited to exemplify these state- 
mehts ; such as the disruption o^, HI into free 
iodine and hydrogen, the formation of HCl and 
of COCl.^ by light ; and the formation, and at a 
higher tempemituro the dissociation, of HI, H^Se, 
HjO, and numberless other bodies, by heat. 

There seems, however, to be ouie marked 
difference in the modes o^nadiion offbeat and 
light. Whereas, in those chemical changes pro- ^ 
duced by heat which are Jlermed dissociations 
or disruptions of molecular structures, a limit is 
reached depending upon the pressure and tem- 
perature to «vhich the sys^t.'-r^^is suljyccted, in 
similar changes produced by ligiit there seems 
^0 be no limit, but the process goes on until 
complete decomposition is attained. This is 
easily understood when it is reincmi»ercd that 
in such reactions, under suitaVle conditions, 
heat tends to destroy as vcllv' as to re-form the 
molecular structures ; but that when light acts 
in such a way as to break down complex mole- 
cules the inverse action has not yet been 
observed to occur ujpder any’ conditions. For 
example free H and I elposcd for one month to 
sunlight suffer no measurable change ; but HI 
in the same interval of time is decomp(5)scd to* 
the extent o^ 80 p.c. ReaefeonS of limitei^., 
and perhaps reversible, character, induced by 
light, “^analogous with the dissociation .pheno 
inena produced by heat, may yot be discovered. 
Light rays of different' refrangi^llities induce 
chemical changes with greatly different in-^ 
tensities, and probably with different effects. 
Lfffnoine (C. R. 93, 614) has shown that HI is 
decomposed with facility iif' vessels made of 
blue glass, but is very slowly clia,nged in red 
glass vessels. For those bodies which heat 
alone decompo^ es at low tempe 4 atures, the 
extreme red of the spectrum appears much less 
cfiicacioua than the extreme violet. In the 
cases of bodies which are stable at high tem- 
peratures, if ’-iho time of action be long enough, 
the red r&ys ultimately produce the same result 
as the jfioleiK. Chastaing [A, Oh, [63,^11» 145) 
concludes that it is ilot necessary that^hite 
light should act more ecjo’^getically in a given 
way than any particular part of the solar 
spectrum, for it is possible that some rays pro- 
duce Che inverse action or§ others. The chemical 
action,pf the solar ^^ctrum oh binary metalloid 
and metallic compounds ought, he thinks, to be 
repr^sentefd by twd? curves, one reducing on the 
side of the vdolet(J’ th^ other of an oxidising 
character *on the red side of the spectru% and, 
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iM^toaySy there probably exists a point where 
photochemical action is nil or equal to that 
whiofa^takes place in darkness 

An elehorato study of th% influoi!(^ of light 
in producing chemical ^ij^nges was^JInade by 
Bunsen and Koscoe in 1857 l^me of the f«cts 
which their investigations broutot out are of a 
highly important character. Draper in 1843 
had observed that t{jo* action of light on a 
mixture oi'4I andeCl doea^not begin to show 
itself ittstantauoDibly, and he concluded that 
the first action of light was to bring .about a 
change in the Cl, probal^ producing an allo- 
tropic modification, before combination could 
take plje^p bet^/cen it and hjolrogon. ^w^isen 
and Koscoe made this observation by Draper 
the subject o^ many experiments and measure- 
ments. They considered that whatever may be 
the cause of t||e resistance to combination whTcli 
the gaseous mixture shows for some little time 
aftef^ubmitting it to the action of a constant 
source of light, tti^per’a assunr.ption is not 
borne out by facts. 

The following measurements exemplify this 
resiatanccy^ffect a’s obtained by these chemists 
with a oc^stant source of light {T. 147, 3C3) : — 


I would evidently place a limit to 80-called instan- 
ttaneous photography. f 

Marohand M. Ch, [4] 80, 802) has studied the 
influence y light on a mixture of oxalic aciaand 
ferric chloride in aqueous solution. Such a solu- 
tion placed in darkness suffers no change, but 
when exposed Jo light it evolved with the 
reduction oithe ferric chloildo. Heat alone has 
no visible effect on the mixture even at a hoiliru^ 


no visible ^ect on the mixture even at a boiling 
|•V'mpcraTu]\but if the soliinon is exposeito iolar 
I radiations and is then heijed, dccompositTOn takes 
place with explosive vimcncu. Of the dffferent 


Time in mins. 

Observation 

Action (luring 1 
mill. 

0 * 

* Voo 


1 

100-5 

•5 

2 

102-1 

1*6 

a ^ 

1020 

5 

4 • 

103-2 

•0 

6 

105-3 

''H9-9 

2-1 

6 

11-6 

7 

130-1 

10-2 

. 8 

170-2 

31-1 

9 

• 200-6 



30-4 


These numbers show that about 8 mins, 
^xposujfe is requiroJ before the rate of ccuibi- 
n^tion reaches^ a.^'fonatant maximum. It was 
found that the time that elapses, '*from the first 
insolatipn until the first trace of pliotoclu‘'»nical 
induction becomes visible, and until the maxi- 
mum action ^ attained^ varies much according 
Jo the experimental conditions. It was also 
found that the resistance to combination, once 
overcon^^ by the influence of light, is s^on 
restored when tho^a&oous mixture is allowed to 
stand in darlgaess, but that the increase of the 
induction from exposure to light lakes place 
much mor^rapidly thau the diminution of the 
same on darKcning. The presence of a foreign 
gas, or of excess of Cl or H, inllucnces the 
induction-effect in a remarkable manner. Thus 
the maximum of the induction a normal 
micitiife was reduced from 100 to 3'^8 by the 
presence of of hydrogen, and ii\itho yrpsence 
of iiiw oxygen it diminished from 

100 to 9*7 and 2-7 msuoctively, and for ^^,"0 of 
Cl from 100 to 00-2. By insolating Jho gases 
separately no appreciable effect was rproduced 
on the induction effc^ wlmn the gases^ were , 
afterwards mixed.* j 

It is interesting to note that if this lA'climi- 
nary resistance to undergo change is ji universal 
law iif such actions as arejbroqght abolH by 
light in bodies in the fiuuia or solid, state, it 


light Jn bodies in the fiquid or solid, statp, it j ture, by the pressure of the res^Jting gaseous 


f)laco with explosive vi(fieiicu. Of the dffferent 
parts the spearum, the bl^e ray*exercise the 
inost energetic action, even more so than tlio 
violet rays. Some highly interesting facts have 
been noticed^tjemoino {C^IL 07, 1208), bearing 
on the choreal changiy promiccd by lig^t#vith 
the above mixture. lie employed a ni^febrof thin 
vertical glas^tubes, 15 mni. dinn^er, each con* 
taining 20 c.c. of a mixture of feme chloride and 
oxalic acid* the solutions were saturated with 
CO,, and contained equivalent quantities of the 
reacting bof%is. The ovot\'e(l gas was collected 
tf>vcr glycerine. TJie speed of tho reaction in- 
creased in proportion to the intensity of the 
light, but for equal intensities of liglit the speed 
was b!t first jj^proximately constant, and only 
began to slaciron wlien tho liquid had disengaged 
half the possiblo quantity of gas. If tho twon-e- 
agents are exposed separately to strong i^hliglit 

a nd are then mixed, the decomposition goes on 
Inch more rapidly than if the mixture is ex- 
posed to light before soparato insolation. The 
following numbers illustrate this fact; the 
measurements, which were made aflcr^e*«8amo 
ii^ervals of exposure, show an acceleration of 
obout ten p.c. in the latter case : - 

Gas (liscnjTav'eJ. 

Liquids not. InsolatRl 0 24 6J Gl H3 "I 100 107 
0 ™ 103 HO 117 

. . 1 Ml PdO 110 Ml 1-10 1*09 

A remarkable poinV'f/^ticed in these experi- 
ments was that iho Edition of water increased 
the re 10 of actUm of the light. This anomalous 
elTi'ct may have been due to the^partial dccom- 
])osition of the ferric salt^s well as *0 the fact 
that tho upper layers tlio ferric >ch]oride 
absorb much of the light ^nd prevent it pene- 
tratiiiglfar into tho liquid. ^ 

According to Amato {G. *^4, 67), many re- 
action : which are produced by sunlight are not 
real y due to this agt'iicy. Amato couaidera that 
liglff^only acts uivier certain de+ermyiato con- 
ditions of tempo i'kture, and that consequently 
there arc limits of Vinperaturo within which 
light do/i4io) act lit a ciietnical way. *He fej^nd 
that ^J'liiixtnre of Cl and F, if cooled to —12° 
cou^ be exp< ed to the direct rays of tlio sun 
for hours witli^ at combination taking place. ^ In 
this experimeiiO ca.o must be taken that tho Cl 
is not exposer? to the sun’s rays before 0^'ifing, 
as insolation renders olilorine capable (Sf com- 
bini’^ig with liydrogen even ui the dark. 

Infloe..\:k of Pressuue. — Many 8abst$Dce8 
when sdAjecied to the laiflneiyie of heat in a 
closed vessf J such for instance as calcic car- 
bonate, ammonic cSrbamate, or paracyanogen, ^ 
are decomposed or cllanged to an extent which 
is found to Ae limited, for a conjtant tempera- 
ture, by the pressure of the resulting gaseous 
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pro4uct|/ When xHessTire o!i ihe ev^ed 
gases has reached a definite valiie no farmer 
altei^tion takes place. If, however, the pressure 
is maintained below this limit, by alloying the 
4 ?ases to escape, complete decomposition results. 
The consideration of the influence of gaseous 
pressure in tudh instances belonjj^ to dissocia- 
tion Xq. V.). There ar^, however, a fefv chemical 
changes known, other^than those of di^sc^ilitiont 
whicS Mcur only under considerab^j/pressures,* 
and othS’s again whicfi, are prevented, or at 
least greatly retarded, by pressure). * ^ 

Cailletct fC. It J58, 39r)) found that, fepre- 
senting the amount of action between zinc and 
HClAq of a definMe -strength under ordinary 
^itmosplieric pressure* by 10, tne ‘'gtion was 
rcdu<3*iL|to 4*7 under a pressure of ^>0 atmo- 
spheres, afi»ii..nnder 120 atmospheres the amount 
ol u, ‘tion in t\^ ^ame time was oi|Jy *1. The 
amount of action between HNO;, and CaCOj 
under pressures of 1 and 150 atmospheres he 
found to be as 11*09 : 1. 

Beketoif (.C* 48,'142) reduced %olutions of 

silver nitrate and sulphate, and ammoniacal 
silver chloride, by hydrogen, ander pressure — re- 
actions which do not take place at atmospheric 
pressure. *■. 

By mere mechanical pressure Spring {B. 17, 
1218) paused several of the metals, such as 
copper 4 |jid lead, to combine with sulphur, and 
also brought about the formation of many^ 
alloys. 

Contact-actions. —Catahjais. Cyclical Ac’ 
tions. — Catalysis, or contact-action, is the name 
giveiftt) o-iTAiinerous class of chemical change^ 
that are induced in certiin chemical systems by 
a. substance which does not itself undergo any 
permanent alteration, but which by its mere 
^iresence under suitable conditions brings about 
a re-arrangement among the molecules of the 
bodies with which it is placed in contact. The 
-inaterial which acts in '‘his manner, without 
vpparently being affectedi itself bvthe changes it 
nduces, has been termed a*oataiytio or contact- 
igent. c * 

According to the theory of Berzelius, who 
was the firrfiC to study tl^s class of reactions, such 
bodies aA possessed //f a peculiar property or 
power which he tern>^ 2 d ‘ catalytic force,’ the 
power to bring abo^ chemical changes. Berze- , 
lius assumed this'catulytic force to be of the 
character of an electrical force. It seems sim- 
pler, however, to regard such actions as being 
merely manifestations of the same propertj' or 
power that is exhibited by all forms of matter 
undergoing chemical change, or the iqanifcsta- 
tion^ the aflinitics of one kind ofc.<maV -^for 
another. It is reasonable to suppose thaf^n 
every chemical system there is a tendency ""to 
und^go change of some definite character, such 
for hwtance as hydrogen and* oxygen to unite, 
cane s^ar and water to form glucose, potasslo 
chlorate to give olf oxygen, Ac. The conditions 
under which the system exists may b^|uch tnat 
the aAnities are in a st^te of stable eqvviJibriam ^ 
among thcmsclveft. Every system [may be re-' 
garded as having a weak poi^t, or pi’mt of least 
resistance, at which an aj^cratipn will most 
easily take plac^. For instance, in tl^ reduction 
of certain md^lic oxides, the oxides are first 
reduced to lo^r oxides and then to the metal ; 


or, certain salts are decomposed wtien neateor 
49ut one phase of the change takes place at a 
lower tempej^ature, or more easily, than another 
phase. I^ould see!n probable, thereHte, that 
if a Buita^ materWOwere introduced into a 
chemical system Jjiraight so react with certain 
constituents of Ijp system as to upset the pre- 
vious equilibrium to su|(h an extent that what 
was before merely a tendei^y to undergo change 
•would become an t^ual chifhgo, beginning at 
the point which before the fttfoduction^f the 
’catalytic -agent was the weakest point of the 
system. The catalyti# agent may be regarded 
as tending to form, with one of tlw constituents 
of the sgrstem, a dlimpound too uifetabl%^o exist 
under the conditions, which compound imme- 
diately breaks up, leaving the so-c^led catalytic 
agci^t in its original condition, free to react with 
a fresh portion of the system. • 

Contact-action would seem to be rather an ill- 
chosen term for this, class pf reactions, since 
all chemical tombinationstifeply contact. It 
is also well known that many soluble salts if 
•placed in contact .vith insoluble saft's or pps. 
adhere tenaciously to these. «A strikingrinstance 
of this kind of contact-actj,on is exhitfitcd by 
metastannic acid. If a smnll quantity of this 
powder be shaken up with a higlily ferruginous 
solution of aluminium Bulphate.^he ferric oxide 
in solution is^eized upon byf\ic insoluble meta- 
stannic acid, leaving a Bolution*of aluminium 
s^ilphato in which scarcely a trace of iron can br ** 
detected. 

From the evidence that exists reflating to 
what is strictly known as catalytk: action, if a 
word were necessary to diadii^juish this kind of 
change from ordinary chemical reactions, cyclical 
action or cTjclical change would seem to be near 
the mark. 

The instances thn4 ne known am*)ng gases 
in which the presence of a body brings about 
chemical action in an otherwise stable gaseous 
mixture seem to be explained^y ^yssumiiij^ that 
contact action«merely causes condeif Nation of 
the ga^s upon the surface of the material that 
brings^ibout their union. Faraday [T. 1834. 55) 
found that if a plate of perfectly clean platinum 
is brought into a mix Wire of hjArogen and 
oxygen, combination of the gases begins to take 
place, at first slowly, but at a gradually in- 
crojSing rate, until combination occuA with 
explosive violence. This combination was con- 
sidered by Faraday to be due to thS condensa- 
tion of tho gases upon the metallic surface, 
whereby the mol<f.iules of oxygen ah^ hydrogen 
were brought into such close contact that 
chemical union took place. Tho presence of 
small quantities of CO or CS 2 prevents the com- 
bination 0 / thb oxygen and hydrogen by a^d of 
a platinum surface, although the metal is n'&t 
found to^lose* its powe^ if afterv^rds plunged 
into a pure mixture of the gases. Small qiMnti- 
ties of such gases as (fr HCl, however, so 
alter tho platinum-surface that the metal is now 
incapable of effecting the combination of H with 
0. Otfier substancc^^uck as qharcoal, pumice, 
rock crystal, &o., act'W a similar manner to, 
but less ramdly tha^ platinum. Platinum also 
urings^ abom the ccimbination of SO 2 and^ to 
form SO,, of KH, Lnd ^ to form HNO, and 
H,0, Vfco. * 
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Eonowafc# (B. 17, ISGO; 18, 2808), ifhen feqnaton 10KCIO,-6KCip4+4m<t.SO_ (IM, 
l^nnimtig the vapour density of tertiary* C, 248), * If, howe^r^ manganeseq^oxido 
vinylacetate, found thM the dissooiatlon-pheno- » heated withUhe chlorate, no perchlorate is 
nena exhibited by .the vapour of this bodv are formed :• this fact mav be exnlained and used^aa 


nfluenced%i a sti iking iflanner by the jpreaenco 
>f man^ finely divide 1 sulfe5!«jncea suchPa silica, 
nagneaia, calcium sulphate, The effects 
v'aried with the chemical, as •v«|l as with the 
physical, characters of the substances placed 
in contact wUh the vapour. To such a alight 
3xtent have these cBntact a^fions been studied 
that it sSbms as yot%ipo^ible to interpret them 
in the same way as those chemical actions which 
are here termed cyclical. *lFaraday’s theory for 
the action of xiatinum in bribing about the 
union of wygen*and hydrogenT>y a mer# con- 
densation of the gases would seem to be the 
most rt,yonab]x explanation in the face of the 
facts at present known. ^ 

Examples of catalytic actions are knovm 
among, liquids, which may be e :plained on the 
theCry of cyclical clmngc ; «>ich arc the evolu- 
tion of oxygen from 1 Solution of aliypoclilorito 
wffbn wammd with* cobaltous or manganic 
oxide, and trie decomposition ftt hydrogen per- 
oxide by %ianganeS^ dioxide, finely divided 
•platinum *or silver, or^ by oxide of silver. The 
last case 4s remarkable, for here oxygon is 
evolved both from the silver oxide and from the 
hydrogen peroxi^;^ to explain this, and a 
number of tanal^oiia reactions, Bronie (T. 140, 
759) assumed that atoms of the same body may 
UCbe an attraction for each other or be in a 
state of polari,sation. Brodie expressed the 

reaction of Ag.^CJwith H.O. thus, II^jOO f Ag.O^ 

H,0 + 00 + Ag2, • • 

The change of cane sugar and water into 
glucose, and of ethereal salts and v. .iler into 
acids and alcohol#, in the x^rosonce oi acids 
which thenftelves rcmai:s .,/ichanged, are other 
instances of catalytic g6tion xnobably of a 
•yclical^haracter (see Affinity, i^p. 71 et seq.). 

If xiotassio ck^io^e is heated alone it melts at 
ab^iit 345®c. and on increasing the®tempcrature 
to about 370^0. oxygen begins to be piodA^ced. 
Many substances in a tine state of division when 
aaixed with tl^ salt cans© an evolution of oxygen 
much below temperature at which the chlor- 
*0 decomposes when heated alone, and without 
the salt ^ntering into a state of fusion. T^e 
substances which ^pcilitate this decomposition 
do not themselves appear to undergo any tdiemi- 
cal change. It is probable that the theory pro- 
pounded by Mercer {B. A. 1842.^32) to explain 
analogous chllmical changes is the true one, viz. 
that the material which facilitates the docom])©- 
sitioA has a tendency to pass into a higlicr state 
of oxidation, and that an unstable ^nmpound is 
fdrnmdf but is decomposed at the tcini^e’jaturo of 
the experiment,^ On this hypothesi# the potas- 
sium delate is regarded as being dccomxrosod at 
the lowM temperature by the double effect of 
heat and the affinity Ji^thi* contact substance — 
as MnO^— for the oxygen of the chloratej Heated 
by itself, potassium chlorate passes througji an 
intermediate stage . in fts jfiacomposition with 
the k>nnation of perchlorate ; this intcrraldiate 
stage is represented acoordinpato soma^cbemista 
by the equation 2KClOa»K(JOt + KCi + O^fibut 
Ht a’onears to be mtre co*©otfJ expressed by Jhe 


an argumeA in favour of Mercer’s view, by sup- 
posing that KCIO, when decomposed by itself 
forms KCl and O3, and that the ims^nt ozone 
oxidises a|Secoi)d molecule ^f chRrate to per- 
chlorate, frhereas in the presence of MnO^a 
higlicr ftat |Ury unstable axide of manga^so 

formed, a^ is almost ynnultaneouslyjioom- 
posed. The oxides whicli laost markedly fa^itate 
tfle dw!omims*tioiaof potassium chlorate are’Rs a 
rule fifhse the metals of wUich fft-m several 
oxides. It is a well-known fact that the oxygen 
X>rex>ared from either lif lieating the salt^ 

alone or miv- i'wmli MnO., lifx^ites iodine from 
an alkaline iodide ; this is usually eonsiffiiswi^P to 
be due to a trace of free elilorinc ; jV*ifiy, how- 
ever, be occasjDiied by a little ozdii/that escB]^4^ 
dccomxiosition by tlie MnO.^ or the KClOj. 

Contact chemical action, whatever be its true 
cause, plays a highly imijortant i)art in several 
industrial oiiA’ations, as tlh^ inversion of cane 
shgar, the conversion of starchy matters into 
glucose, the decolorisialion of sugar solutions by 
charco^, and probably in the pinitication of 
waters hy filtrrj^n through porous media. For- 
merly the great industrial processes of fermentj- 
lion in the formation of alcoholic liquors jvvcrc 
referred to this cause, but it Jbeems now <^tair 
tl^it such changes are phenomena connected 
with organic life and not with those of unorgair 
iaed matter. 

(For a theoretical consideration of catalysii 
sec»Mendcl,^clf, B. 19, 45(1.] * 

• 

A con. 'der..licn of tlio facts that arc knowi 
rebtin;.' to chen^ieal change shows that in th' 
study of the subjeet not only must the kind 0* 
quality, and the mass, of tlie reacting matter, bo 
taken inl o account, but atieutiun must also bo 
given to llie intrinsic ff;.ftcs that come into piny, 
as well as to the yotio4i of molecular or atomic 
motions. It is not kt present so much the 
relative values of these forces tha'ione desires to 
know, in whatever way they may bo measured, 
as the circumstance undeb.^vhicli the forj^cs act, 
or are modified in their acti 'u. It has boon seen 
tb"!t ary,tomic structur* s are^iossesscd of rela- 
tive degrees of stahiiitv, as is Yowm whefi sub- 
mitted to the action of iiliysiual agencies, or 
when they play an active par’ in chemical sys- 
tems. this stability 'jcing duo to the interaction 
of the affinities hrjdiiig the structure 'together. 
Tlicso forC( s or affinities offer different degrees of 
resistance^ t ? iho action of different ager-eies, jyid 
it wou^^s. A to be onlybyjthe study of such 
intlu^^ccs that a rational conception of the 
nature of chemical action will bo arrived at. 

That the ultimate constituents of matter — 
the atoms or mcdec; Ins - are in continual mo^n, 
the interdiffusion of gases, and of salts ia^oln- 
tion, ,^ecms to prove ; and the fact that, in a 
chemical system undergoing change, Juch change 

more Jr bss gradual, taking fractions of 
seconds or wl J>lc years ts;»be accifinidished, seems 
to offer conclasivo pr*of that the atomic consli- 
tiients are in a ctntin jal motion of interdiffusion. 
But whether.nr not the change going on in a 
chemical system is brought abo^'h by simple 
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soiling unong vntjioTmg mollies oimnot Vrpoxf some pftrtioalsr ^ yxiamidlF profHiiliiii 
be ESfi^ed* For instep, anh^dn^ue aloohd an^ lenioh should include not c^;j^ the oonoeptton^ 
icetio add, when mixed in equivalent proportion!^ mass but also the ooiEKiepticns of time ana #ork; 
react upon each other at ordinaiy temperatures it is evidei^js, howe'er, that ihe diffioi^ Vea its 
with extreme slowness ; in fact, it tAies months the hin^t^of phenWena to be ob^v^ aUdi 
to accomplish what at 100^ requires only m^asure^ Mills Ar /M. [6] 1) has propounded 
minutes, wd yet it is highly probable that very certain i£eas r^^ung to chemical phenomena,, 
many more dullisions occur bet^en the alcohol making motioi^^ha basis of the science ; and he' 
aii4 the acid molecules than the rate pf change considers that chemical substances should be 
would lead us to cc\nclude. It ma{‘ bo ®thaA in valued not for what they %reooncei^4Sd as being,, 
thdae ^nd similar ci. *es the mQ,^^^ulcs of tli^ but for what they aie capable c^f doing. Doubt- 
two poiistituents c* the system must be moving less, however, the being af well as tire doing 
with a definite velocity if chemical action is to must be considered together. The masses of 
occur. Bua’the kinetic theory of gases teaches various bodies necessCry for the performance of 
that in a space of uniform temperature some unit of work Mj^ls terms the ^nam|a equiva- 
niolecules have High and otherq low velocities, lents, ^or the ‘ oergmannics,’ of the 'Respective' 
and that the rati^h<»tween the niiu-'^^rs of mole- bodies ; these may vary according to the sort of 
cub ■'uhaving high and those having fow veloci- doing, or work, the several substances ( .e em- 
ties varxv. i.with the temperature ; consequently played to effect ; such as the po)^ of varioUa 
uflfcChemioaI>plfange which occurr may bo but acids to invert sugar, or to decotipose ethereal 
a process of selection among the molecules salts, the precipitabil[ty of salts, the coeffi.oientB- 
according to the velocities they possess, those of diffusion, Ac., &o. For^^any valuable deter- 
with velocities below a certain limit colliding, but minations of dynamical cffe(jts of substances in 
not reacting chemically with, each ^iher. inducing or accelerating chemical changes, sW 

As chemical reactions are generally formi^ the work of Ostwald. For ^ fy.Il account of this- 
lated, the phenomena of change are for the most work v. the article AffdAtt. (In connexion 
part at present viewed only in the light of the with this article, v. the articles : Affinity ; 
distribution of certain masses ^,“^f matter of Allotropy; CnKWicAL and* physical Fhopbrties 
venous kinds, and no cognisance is taken of the of bodies, connexions between ; Combination, 
changes in the energies of the systems as these chemical ; pissocuTioN ; I]/,'r<LiBRiUM, chemi- 
pass itiim the initiCi to the final states. In the cal ; Isomerism.) 
blank tnat is at present occupied by the sign ‘ =r ’ 

lie all the real phenomena of the science of Additional References. 

matter. Attempts have been made to fill up 

this blank by the investigation and measurement , Essai de Micaniq^ chimique^ Berthelot* 
of “wie hoat-disturbances that arise when -, a ^udes de Dijnamique chim^uej Van ’t Hoff, 
chemical system pass^Ss from the state repu- Etudes s^ir les Kquilihrej' cnimiques, Jjemoine 
sented by one side of the equation to that repro- (a very full work on the subjecth ^ Modemen 
sented by the other side. By virtue of the Theorien dcr Cficmie, Meyer. Jrnnciple^ of 
inherent forces or affinities, well as by the Chemistry^ Pattison Muir. Lghrhuch ailge- 
partioular motions of the ultimate particles or vieimn Chemie, OsljVf^ld. Chemical Action^ 
atoms of matter, all substances may bo looked Gladstone [T. 1855). ’Chemical Equilibrium^ 
upon as possessing a cei^nin definite amount of Gibbs {Trans. Connecticut^ Academy qf Artso 
energy, potential as weP ^ kiqetical, and con- a7td ScienceSf 1876. 1878). ^fih^iical Change 
sequently as capable of performing a definite determined c^Aically, Jellett ^{Transi'R. Irish 
amount of wor^. The tendency 8f the constitu- Acad» vol. xxv.). Speed of Inversion of Ca7ie 
ents of a system is invariably towards a state Sugdr^ InflueTice of Ac'uls^ Heat, rfc., Dreoh {B. 
the attainfaiont of whi* h involves a degradation 15, 2457; 10, 762, 2825; 17, 495^ 1539); also 
of energy ; in other ylirds the total energy of the Ostwald vois. 29 and 31) and Fleury (C. B. 
system tends to £p Q from a higher to r lower 1875). Influe7ice of Pres$U7’e 07i CoTubustion^ 
level. fFor the gei^ral inferences that have been Frankland (T. 1801). Speed of Substitute of 
drawn from the l^study of thermal phenomena Bromine in the Fatty Acid^ Hell ana Ui^lBoh 
bearing on the applications of the laws of energy {B. 13, 631). Speed of Absorptijm of OaseSy 
to chemical change reference must be made to Heurter {Monit. Scientifique, 1878) ; also Hoodi 
the sectioL on thermal phenomena of the article 1884). ^ction of Oxides onCarbonateSf 

Physical methods used in chemistry.) Mallard CA.''l879); also Mills 1^79, 

It is ipuch to be desired that a clpssification 1881, and 1882). Chcjnical Changes in Oases 
of hie elements, or, what seems p^^ssible, (Mathematical Theory), J. J. Thomson ^(.RAf 
oi their compound^, should be attempted, "’'?;sed [5J xviii.). 
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